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Elliptic and hexadecapole flow of charged hadron in 
viscous hydrodynamics with glauber and color glass 
condensate initial conditions for Pb-Pb collision at      
 s =2.76 TeVNN

Effect of charged particle's multiplicity fluctuations on 

flow harmonics in even-by-event hydrodynamics

1Victor Roy, Bedangadas Mohanty  and A.K. Chaudhuri
1 School of Physical Sciences, National Institute of Science Education and Research, Bhubaneswar-751005, 
INDIA

he experimentally measured elliptic ( ) and hexadecapole (v ) flow of charged particles as a 2 4

function of transverse momentum (p ) at midrapidity in Pb-Pb collisions at √s  = 2.76 TeV are T NN

compared with the relativistic viscous hydrodynamic model simulations. The simulations are 

carried out for two different initial energy density profiles obtained from (i) Glauber model, and (ii) 

Color Glass Condensate (CGC) model. Comparison to experimental data for 10-20% to 40-50% 

centrality, shows that a centrality dependent shear viscosity to entropy density (η/s) ratio with values 

ranging between 0.0 to 0.12 are needed to explain the v  data for simulations with the Glauber based 2

initial condition. Whereas for the CGC based initial conditions a slightly higher value of η/s is 

preferred, around 0.08 to 0.16. From the comparison of the v  simulated results to the corresponding 4

experimental measurements we observe that for the centralities 20-30% to 40-50% the η/s values lies 

between 0.0 to 0.12 for both the initial conditions studied. The η/s values obtained from our studies for 

Pb-Pb collisions at s  = 2.76  TeV are compared to other studies which use both transport and NN

hydrodynamic approaches.

A. K. Chaudhuri

n nucleon-nucleon collisions, charged particle's multiplicity fluctuates. We have studied the effect 

of multiplicity fluctuation on flow harmonics in nucleus-nucleus collision in event-by-event 

hydrodynamics. Assuming that the charged particle's multiplicity fluctuations are governed by the 

negative binomial distribution, the Monte-Carlo Glauber model of initial condition is generalised to 
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include the fluctuations. Explicit simulations with the generalised Monte-Carlo Glauber model initial 

conditions indicate that the multiplicity fluctuations do not have large effect on the flow harmonics.

A K Chaudhuri and Bikash Sinha

n Israel–Stewart's second order hydrodynamics, the viscous effect of dilepton emission from a 
QGP medium is investigated. Dileptons are strongly affected by QGP viscosity. Large invariant 
mass dileptons, due to their lower velocity, are less affected by viscosity than the low invariant 

mass dileptons.

A. K. Chaudhuri, Md. Rihan Haque, Victor Roy and Bedangadas 
1Mohanty

1 School of Physical Sciences, National Institute of Science Education and Research, Bhubaneswar-751005, 
INDIA

entrality dependence of charged particles multiplicity, transverse momentum spectra, 
integrated and differential elliptic flow, in s =200 GeV Au+Au collisions are analyzed using NN 

event by event ideal hydrodynamics. Monte-Carlo Glauber model of initial condition, 
constrained to reproduce experimental charged particle's multiplicity in 0-10% Au+Au collisions, 
reasonably well reproduces all the experimental observables, e.g. centrality dependence of charged 
particles multiplicity, integrated and differential elliptic flow. Model predictions for higher flow 
harmonics, v , v  however overestimate the experimental data, more in the peripheral collisions than in 3 4

the central collisions. Correlation between initial (spatial) asymmetry measures and flow coefficients 
are also studied. With exception of the elliptic flow, for all the higher flow coefficients (v ,n=3-5), n

correlation is reduced with collision centrality. In peripheral collisions, higher flow coefficients are 
only weakly correlated to the asymmetry measures. Elliptic flow however, remains strongly correlated 
with initial eccentricity in all the collision centralities.

Lepton pair production from viscous QGP

Event-by-event hydrodynamical simulations for  s = NN

200 GeV Au+Au collisions and the correlation between 

flow coefficients and initial asymmetry measures
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Effect of high frequency modes of medium on an open 

quantum system

Charm quark energy loss in relativistic heavy ion 

collisions 

1Nirupam Dutta, A. K. Chaudhuri and P. K. Panigrahi
1Indian Institute of Science Education and Research Kolkata, Mohanpur 741252, India

e present a method to calculate the real time effective propagator of a generic open quantum 
system, immersed in a medium using a wave function based framework. The medium is 
characterised by a set of harmonic oscillators having a continuous span of frequencies. This 

technique has been applied to the Caldeira-Leggett model showing that high frequency modes of the 
medium do not contribute towards decay of the population of states of the open system. In fact, they 
cause a Rabi type oscillation. Moreover, our wave function based approach provides an excellent 
alternative to conventional formalisms involving the density matrix.

Mohammed Younus, Dinesh K. Srivastava, Christopher E. 
1 1Coleman-Smith  and Steffen A. Bass

1Duke University, Dept. of Physics, 139 Science Drive, Box90 

305, Durham NC 27708, U. S. A

e use a Parton Cascade Model to study the evolution of charm quarks propagating through a 
thermal brick of QCD matter [1]. We determine the energy loss and the transport coefficient 
'q-hat' for charm quarks. The calculations are done for constant temperature of 350 MeV 

and the results are compared to analytical calculations of heavy quark energy loss in order to validate 
the applicability of using a Parton Cascade Model for the study of heavy quark dynamics in hot and 
dense QCD matter.

In an interesting recent study we show the effect of energy loss of charm/anti-charm quarks produced in 
a relativistic heavy-ion collision as they traverse the resulting quark–gluon plasma on the azimuthal 
correlation of cc-bar and DD-bar pairs and correlated decay of charm into leptons [2]. We employ an 
empirical model of energy loss by charm quark energy loss and find that the consequences are easily 
discernible as different cuts on their momenta are applied. We also notice a modest increase in the 
invariant mass spectrum of dileptons from correlated decay, as mentioned above due to energy loss.
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Nuclear modification of charged hadron production at 

the LHC

From nuclear reactions to compact stars : a unified 

approach

Somnath De and  Dinesh  K. Srivastava

e analyze recent results for the suppressed production of charged hadrons for Pb+Pb 

collisions at the center-of-mass energy of 2.76 TeV/nucleon-pair [1]. We closely follow 

the treatment recently used by us in which partons lose energy due to the radiation of 

gluons following multiple scatterings while traversing the quark–gluon plasma, before fragmenting 

into hadrons at the center-of-mass energy of 200 GeV/nucleon-pair. We obtain an empirical value for 

the momentum transport coefficient and provide predictions for azimuthal anisotropy of hadron 

momenta for non-central collisions.

Reference
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1  2D. N. Basu, Partha Roy Chowdhury and Abhishek Mishra
1Dept. of Physics, Govt. Degree College, Kamalpur, Dhalai, Tripura 799 285, India
2Reactor Physics and Nuclear Engineering Section, RRS Division, Bhabha Atomic Research Centre, 
Mumbai 400 085, India

n equation of state (EoS) for symmetric nuclear matter is constructed using the density 
dependent M3Y effective interaction and extended for isospin asymmetric nuclear matter. 
Theoretically obtained values of symmetric nuclear matter incompressibility, isobaric 

incompressibility, symmetry energy and its slope agree well with experimentally extracted values. 
Folded microscopic potentials using this effective interaction, whose density dependence is 
determined from nuclear matter calculations, provide excellent descriptions for proton, alpha and 
cluster radioactivities, elastic and inelastic scattering. The nuclear deformation parameters extracted 
from the inelastic scattering of protons agree well with other available results. The high-density 
behavior of symmetric and asymmetric nuclear matter satisfies the constraints from the observed flow 

data of heavy-ion collisions. The neutron star properties studied using β-equilibrated neutron star 

matter obtained from this effective interaction for a pure hadronic model agree [1] with the recent 
observations of the massive compact stars such as PSR J1614-2230, but if a phase transition to quark 
matter is considered such agreement is no longer possible [2]. 
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1W. M. Seif  and D. N. Basu 
1Cairo University, Faculty of Science, Department of Physics,
Giza 12613, Egypt

he parabolic approximation to the equation of state (EoS) of the isospin asymmetric nuclear 

matter (ANM) is widely used in the literature to make predictions for the nuclear structure and 

the neutron star properties. Based on the realistic M3Y-Paris [1] and M3Y-Reid [2] nucleon-

nucleon interactions, we investigate the effects of the higher-order symmetry energy on the proton 

fraction in neutron stars and the location of the inner edge of their crusts and their core-crust transition 

density and pressure, thermodynamically. Analytical expressions for different-order symmetry energy 

coefficients of ANM are derived using the realistic interactions mentioned above. It is found that the 

higher-order terms of the symmetry-energy coefficients up to its eighth order (E ) contributes sym8

substantially to the proton fraction in β-stable neutron star matter at different nuclear matter densities, 

the core-crust transition density and pressure. Even by considering the symmetry-energy coefficients 

up to E , we obtain a significant change of about 40% in the transition pressure value from the one sym8

based on the full EoS. Using equations of state based on both Paris and Reid effective interactions 

which provide saturation incompressibility of symmetric nuclear matter in the range of 220 MeV ≤ K   0

-3 -3 -3 -3270 MeV, we estimate the ranges 0.090 fm    0.095 fm  and 0.485 MeV fm  P   0.589 MeV fm  t t

for the liquid-core-solid-crust transition density and pressure, respectively. The corresponding range of 

the proton fraction obtained at this ρ range is 0.029 ≤ x  ≤ 0.032.t p(t )
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Higher-order symmetry energy of nuclear matter and 

the inner edge of neutron star crusts

T

≤
≤ρ≤ ≤≤

PROGRESS REPORT 2013



R
E

S
E

A
R

C
H

43

Advanced theoretical methods and high-performance 

computers unlocking the secrets of nuclear fission

1,2,* 1,2,3 1,2,4Jhilam Sadhukhan , K. Mazurek , A. Baran ,
1,2,5,6 1,2,5 1,2J. Dobaczewski , W. Nazarewicz  and J. A. Sheikh

1Department of Physics and Astronomy, University of Tennessee, Knoxville, Tennessee 37996, USA
2Physics Division, Oak Ridge National Laboratory, P.O. Box 2008, Oak Ridge, Tennessee 37831, USA
3The Niewodniczanski Institute of Nuclear Physics – PAN, PL-31-342 Krakow, Poland
4Institute of Physics, University of M. Curie-Skłodowska, ul. Radziszewskiego 10, 20-031 Lublin, Poland
5Institute of Theoretical Physics, Faculty of Physics, University of Warsaw, ul. Hoża 69, PL-00-681 Warsaw, 
Poland
6Department of Physics, P.O. Box 35 (YFL), University of Jyväskylä, FI-40014 Jyväskylä, Finland

*On leave from VECC, Kolkata

Challenge

Spontaneous fission is a magnificent example of a quantal collective motion during which the nucleus 

evolves in a multidimensional space representing shapes with different geometries, going through 

regions that are forbidden by classical mechanics.

The success

Spontaneous fission has been studied microscopically for the first time within a dynamic approach 

based on the minimization of the fission action in a two-dimensional collective space of elongation and 

triaxiality. Strong dynamical effects have been predicted due to the interplay between level crossing 

dynamics and nuclear superfluidity [1]. The corresponding minimum-action fission path is shown in 

Fig. 1. The Symmetry-free HFB 

solver HFBODD, optimized for 

performance within the Cray 

architectures (using MPI/ 

OpenMP), is used for this 

purpose. The total calculation, 

using around 10,000 processors, 

took 33,000 cpu hours in 

KRAKEN computer.

Impl i ca t ions  for  fu ture  
research

Developments  have  been  

initiated in the context of 

dynamical effects due to the 

competition between triaxial and 

reflection asymmetric degrees of 

freedom, and pairing. Given the 

encouraging results to date, 

toge ther  wi th  the  recent  

264Fig. 1: Dynamic and static paths for spontaneous fission of Fm in the 2D plane 
of elongation (Q ) and triaxiality (Q ) obtained by minimizing the collective 20 22

action integral between the ground state and the outer turning point. It is seen that 
264the fission pathway connects the slightly deformed ground-state of Fm with the 

132 132Sn+ Sn pre-scission configuration through the family of elongated triaxial 
shapes, thus bypassing the axial saddle (inner fission barrier).
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developments of powerful conceptual and computational tools for nuclear structure modelling, one is 

optimistic that the solution to the fission problem is near.

Reference

[1] Jhilam Sadhukhan, K. Mazurek, A. Baran, J. Dobaczewski, W. Nazarewicz, and J. A. Sheikh, Phys Rev C 88, 064314 
(2013).

G. Mukherjee

or a deformed (axially symmetric) rotating nucleus, the signature (α) and parity (π) are the only 
good quantum numbers. A rotational band, based on a particular Nilsson configuration has two 

partners, e.g with α =+1/2 and α = –1/2 for an odd-A nucleus. In general, both the signature 
partner bands have same deformation. The shape of a nucleus largely depends on the shape driving 
effects of the nucleons near the Fermi level. The shape evolution of a deformed nucleus with rotational 
frequency would depend on the response of the two signature partners of the valance orbital. The 
signature dependence of the shape evolution has been studied theoretically in two regions, namely A = 

130 and A = 160, where the ground state deformation of the nuclei are γ-soft and γ-rigid, respectively (γ 
o ois the quality of deformation with γ = 0  corresponds to prolate, γ = – 60  oblate shape and the nuclei 

having γ  in between these two are considered as triaxial).

Method

The total Routhian surfaces (TRS) are calculated, in the present work, using the Hartee-Fock-
Bogoliubov code of Nazarewicz et al. [1]. A deformed Woods-Saxon potential and a pairing interaction 

was used with Strutinsky shell corrections method. The energies are calculated in the β–γ  deformation 2

mesh points and were minimized in β at each value of the mesh points. These are calculated at different 4

rotational frequencies ω and for different signatures.

Results and discussion

167 131 133The TRSs have been calculated for the ground state 1-qp configurations in Yb, Ba and Ce in A = 

160 and 130 regions. The surfaces are shown in Figure 1 as contour plots in the β–γ  mesh for positive 2
167and negative signature partners of the same configuration. For Yb, the calculations are done for the 

+positive parity neutron configuration of [642]5/2 , in which signature dependent deformation has been 
131 133suggested to explain the measured B(E2) values in a recent publication [2]. For Ba and Ce, the 

calculations were performed for odd-neutron in positive and negative signature of the negative parity 
167orbital. The surfaces for Yb show a rigid deformation at symmetric prolate shape for both the 

131signatures while the surfaces for the nuclei in A = 130 region (TRS obtained for Ba are shown in 
133Figure 1. The results for Ce are also similar) are soft in the γ-plane and the minimum in the TRS 

131occurs at a triaxial deformation. The minimum in the surfaces for two signature partners in Ba are also 

Study of signature dependent shape evolution in odd-

a deformed nuclei by TRS calculations
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167 131 133quite different. It may be noted that the odd neutron in Yb and in Ba (and Ce) occupies the i  and 13/2

h  orbitals, respectively. Both these orbitals are unique parity in the two regions and therefore, are pure 11/2

configuration. So, this reflects the different γ- driving tendencies for the i  and h  orbitals. 13/2 11/2

167 131Fig. 1: Calculated total routhian surfaces (TRS) for the ground state bands in Yb (left) and Ba (right) for negative (top) and 
positive (bottom) signatures. The filled regions correspond to the minimum of the TRS.

In order to investigate the effect of the deformation parameter γ on the Routhian energies, the TRS 
133 131energies (E ) are plotted as a function of γ in Figure 2 for Ce (similar result is obtained for Ba) in TRS

the α = +1/2 and α = –1/2 configuration at different rotational frequency . The figure clearly suggests 

different shape evolution in this nucleus for the two signature partners. Interestingly, it also appears that 

hω

133Fig. 2: Calculated TRS energies as a function of triaxiality γ for the –ve parity band of Ce with signature α = +1/2 (left) and α 

= – 1/2 (right). Different lines correspond to different rotational frequency ( ).hω
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the  = +1/2 and  = –1/2 signatures induce a change in shape towards +ve and –ve values of γ, 
respectively, similar to that observed in mass A ~ 70 region [3].

167The TRS calculations for Yb has been extended at higher rotational frequencies for both the signature 
partners in the above configuration to compare with the experimental data obtained in Ref.[2]. For this 

comparison, the quadrupole moments (Q ) are deduced from the β and γ values corresponding to the t 2

minimum of the TRS at each rotational frequency , using the standard formulae [3]. These calculated 

quadrupole moments are compared with the experimental Q  values obtained from the measured B(E2) t

values as reported in Ref. [2]. The calculated and the experimental values are plotted in Figure 3. It can 
be seen that the calculated Qt values for the two signature partners are almost same and do not vary 
much with rotational frequency. The experimental data are with large error bars and the calculated 
values matches well within the experimental uncertainties. Therefore, it is not necessary to invoke 

+ 167signature dependent deformation for the [642]5/2  configuration in Yb, unlike the conjecture of ref. 
[2].

Fig. 3: Comparison of Experimental (data points) and calculated (line) transition quadrupole moments (Q ) for  = +1/2 (left) t
167and α = –1/2 (right) signature of the +ve parity band in Yb. 

References

[1] W. Nazarewicz et al., Nucl. Phys. A512 (1990) 61.

[2] K.A. Gladnishki, et al., Nucl. Phys.  A903 (2013) 1.

[3] G. Mukherjee et al., Nucl. Phys. A829 (2009) 137.

1 2,3 2,3Sabyasachi Ghosh , Santosh K Das , Vincenzo Greco ,
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he drag and diffusion coefficients of the λ(2455 MeV) have been evaluated in the hadronic c

medium which is expected to be formed at the late stage of the evolving  fire ball produced in 

α α

α

hω

Diffusion of λ in hot hadronic mediumc

T
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heavy ion collisions at RHIC and LHC energies. The interactions between the λ and the hadrons in the c

medium have been derived from the effective hadronic Lagrangian as well as from the scattering 
length, provided in the framework of heavy baryon chiral perturbation theory. In both the approaches, 
the magnitude of the transport coefficients are found to be  significant. A larger value is obtained in the 
former approach with respect to the latter.  Significant values of the coefficients indicate substantial 

amount of interaction of the λ  with the hadronic thermal bath. Furthermore, the transport coefficients c

of the λ is found to be different than the transport coefficients of D meson which indicates that the c

results may have a significant impact on the determination of λ to D meson ratio in heavy ion c

collisions. 

Surasree Mazumder, Trambak Bhattacharyya and Jan-e Alam

he effects of gluon radiation by charm quarks on the shear viscosity have been studied within 

the ambit of perturbative quantum chromodynamics (pQCD) and kinetic theory. It is found that 

while the soft gluon radiation has substantial effects on the transport coefficients of the charm 

quarks  in the quark gluon plasma its effects on the equilibrium distribution function is insignificant. 

Santosh K. Das, Sabyasachi Ghosh, Sourav Sarkar and Jan-e Alam

he role of hadronic matter in the suppression of open heavy flavored mesons has been studied.  

The heavy-quarks (HQs) suppression factors have been calculated and contrasted with the 

experimental  data obtained from nuclear collisions at Relativistic Heavy Ion Collider (RHIC) 

and Large Hadronic  Collider (LHC) experiments. It is found that the suppression in the hadronic phase 

at RHIC energy  is around 20 whereas at the LHC it is around 10 for the D meson. In case of B meson the 

hadronic  suppression is around 10 and 5 at RHIC and LHC energies respectively. Present study 

suggests that  the suppression of heavy flavor in the hadronic phase is significant at RHIC. However, 

the effect  of hadronic suppression at LHC is marginal, this makes the characterization of QGP at LHC 

less complicated. 

Gluon bremsstrahlung by heavy quarks and its effects 

on viscosity

Heavy flavor suppression in  hadronic matter

T

T
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Thermal photons and lepton pairs from quark gluon 

plasma

Determination of initial conditions of projectile 

fragmentation from microscopic calculations

Sukanya Mitra, Payal Mohanty, Sabyasachi Ghosh, Sourav Sarkar 
and Jan-e Alam

he photon spectra measured by the ALICE collaboration in Pb+Pb collisions at Large  Hadron 
Collider (LHC) energies has been analyzed with a view of extracting the properties  of thermal 
system formed in these collisions. The results of the analysis are compared  with the previously 

studied spectra measured at Super Proton Synchrotron (SPS) and Relativistic  Heavy Ion Collider 
(RHIC) energies. The thermal dilepton spectra from the Pb+Pb collision at LHC energy has been 
predicted for the initial conditions constrained by the thermal photon spectra at  the same collision 
conditions. The slope of the photon has been used to estimate the rise in the effective degeneracy with 
the charged particle multiplicity of the system. The slopes of the lepton  pair spectra for different 
invariant mass windows have been used to conjecture the average radial  flow velocity of the high 
temperature phase. 
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[3] Heavy-quark transport coefficients in a hot viscous quark–gluon plasma medium, S. K. Das, V. Chandra and J. Alam, 
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  1S. Mallik, G. Chaudhuri and S. Das Gupta
1Physics Department, McGill University, Montreal, Canada H3A2T8

resently projectile fragmentation reaction at intermediate and high energies is an important area 
of research for the production of radioactive ion beams. In recent years we proposed a model for 
projectile fragmentation [1,2] which could successfully explain experimental data of different 

target projectile combinations of widely varying projectile energy. In initial stage of the reaction, 
projectile like fragments (PLF) are produced and its excitation is often characterized by a temperature 
at freeze-out condition.  The main limitations of this model are (i) impact parameter dependent 
temperature profile is parameterized with the help of experimental data of mass distribution and 
multiplicity of intermediate mass fragments and (ii) PLF size is calculated from complete geometrical 
calculation.  Now we develop transport model based on Boltzmann-Uehling-Uhlenbeck (BUU) 
calculation for determining PLF size and its excitation.  
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In transport model calculation [3,4], two nuclei in their Thomas-Fermi ground state are boosted 
towards each other with appropriate velocities at a given impact parameter. The BUU equation is 
numerically solved using test particle method at each instant of time. For potential energy calculation 

58 9of Ni on Be reaction at 140 MeV/nucleon zero range Skyrme interaction and finite range Yukawa 
58 181interaction is considered. To avoid huge computation for large ion collisions (e.g. Ni on Ta reaction 

124 119at 140 MeV/nucleon and Sn on Sn reaction at 600 MeV/nucleon) Lenk Pandharipande mean field is 
used. The time evolution calculation is stopped when the PLF is completely separated from the 
remaining part. By knowing the number of test particles in the PLF region the PLF mass is obtained and 
from the position and momentum of each test particle excited state energy is calculated. Subtracting 
ground state energy from excited state energy the excitation is obtained. Then Canonical 
Thermodynamical Model (CTM) is used to deduce the freeze-out temperature from the calculated 
excitation. This procedure is repeated for the entire impact parameter range. It is observed that the PLF 
masses at different impact parameters calculated from transport model are comparable to that obtained 
for geometric calculation. Nice agreement between the deduced temperature profile and earlier used 
parameterized temperature profile is obtained for different projectile fragmentation reactions at 
different energies.
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G. Chaudhuri and S. Mallik

soscaling and isobaric yield ratio are two well known methods for studying symmetry energy in 
intermediate energy nuclear multifragmentation reactions. The formulae for both isoscaling and 
isobaric yield ratio methods are derived using the prescription of grand canonical ensemble where 

total number of particle (i.e. total baryon and total charge for the case of a nucleus) can fluctuate. But 
canonical model is better suited compared to grand canonical model for describing intermediate energy 
nuclear reactions where baryon and charge numbers are conserved [1]. In general, the results from 
canonical and grand canonical model agree only in thermodynamical limit where the numbers of 
particles become infinite.

In this work, the isoscaling and isobaric yield ratio parameters are calculated separately (i) from direct 
formulae (ii) from canonical model and (iii) from grand canonical model.  The results obtained from 
the yields of different fragments produced by grand canonical model agree exactly with those obtained 
from the direct formulae of isoscaling and isobaric yield ratio. On the contrary, the results from 
canonical model deviate from the direct formulae. The deviation is more pronounced for smaller source 
size and more asymmetric nuclei. Hence the results from both the ensembles differ in general for finite 
nuclei and are found to converge when the fragmentation of the nucleus is more i.e. the particle 

Effect of particle fluctuation on isoscaling and isobaric 

yield ratio of nuclear multifragmentation
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fluctuation in grand canonical ensemble is less and it happens for the fragmenting sources having larger 
mass or less asymmetry [2].    
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Asish Kumar Dhara

he response of  an  overdamped  bistable  system driven by a Gaussian white noise (of strength, 
D) and perturbed by a weak monochromatic force (signal with amplitude, A and  frequency, 0  

Ω ) is studied analytically.  It is found that the response is cooperative in the low noise strength 

region. The cooperation  arises  between the   ' deterministic '  input signal and the stochastic (random)  
noise. This manifests as a large enhancement of the periodic signal power  at the output. This  
phenomenon  is known as stochastic resonance. The whole system exhibiting stochastic resonance can 
then be visualized as a signal processing device to improve the amplification of a weak signal and can 
be used to detect a feeble signal or communicate a signal to a large distance efficiently.

The response is usually measured  in terms of signal amplification factor . This is defined as the 
amplification of the 'coherent'   power of the periodic output over that of the  periodic input signal.  The 
non-monotonic  behaviour  of the signal amplification factor as a function of the noise strength 
exhibiting a maximum is considered as a characteristic of stochastic resonance . 

The exact solution of the Fokker-Planck equation describing this non-stationary process is not known. 
One analyses the system perturbatively with the amplitude, A as an expansion parameter.  The linear 0   

response approximation corresponds to considering the first term of the perturbation series to evaluate 
the response. This yields amplitude in-dependent response. However, numerical solution of the 
corresponding Langevin equation shows that the response does depend on the amplitude. This suggests 
that in order to explain amplitude-dependent response one should consider higher order terms of the 
perturbation series.

It is seen from our analysis that the usual method of perturbation approach by truncating the series fails 
in this case. Therefore we propose an analytic non-perturbative approach to explain the observed 
amplitude-dependent response beyond the linear response approximation. The stochastic dynamics 
depends on the infinite number of relaxation modes. These modes are characterized by the eigenvalues 
of the un-perturbed Fokker-Planck operator. The formalism proposed by us takes into account infinite 
number of perturbation terms and the contributions arising due to infinite number of relaxation modes. 
In the non-linear response theory that we develop the net contribution of infinite number of relaxation 
modes is obtained analytically with the help of  a 'sum rule' proved in the process of obtaining the 
response. Thus the calculation of the response needs only the knowledge of the lowest eigenfunction 
and the first non-trivial eigenvalue of the unperturbed Fokker-Planck operator in our theory.

Non-linear response in stochastic resonance: an 

analytic non-perturbative approach

T
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The interaction of the monochromatic signal with the un-perturbed stochastic system generates 
harmonics of the signal frequency. The perturbation theory developed by us constitutes the hierarchial 
structure of the spectral components of the perturbation with respect to their orders in the perturbation 
series and the harmonic number. Two coupled infinite sets of hierarchy involving fundamental and the 
third harmonic are reduced to single infinite set of hierarchy involving the spectral components of the 
fundamental only. It is seen that this reduced set of hierarchy represents an infinite set of 

inhomogeneous difference equations of order '2k' with k ≥ 2 (the index 'k' being the order of the 
perturbation series). That is, the spectral component of (2k+1)th order of the fundamental depends on 

all (2r+1)th orders of the fundamental with 1≤ r ≤ k (k ≥ 2).

  The solution of this reduced infinite hierarchy involving the spectral components of the fundamental 
is expressed in terms of a 'Dyson-like' series. Analytic evaluation of the response (signal amplification 
factor), η using each term of the 'Dyson-like' series always involves summation of infinite number of 
oscillating diverging terms(strings). In order to check the validity of the proposed non-perturbative  
approach we calculate the response (the signal amplification factor) for typical signal amplitudes, A  = 0

0.1, 0.2 and signal frequency, Ω = 0.1. It is seen that the non-linear response (related to the square of the 
resonance amplitude) with two strings produces subtle cancellation of oscillating divergent terms in a 
desired way to yield reasonable finite responses and agrees well with the numerical results for these 
cases. The difference between the original perturbation approach and the present non-perturbative  
approach is that as the truncation of the series in the usual perturbation way is avoided, the modification 
of the resonance amplitude in every step always remains finite. As we include higher order strings 
successively, the resonance amplitude gets improved and the signal amplification factor  approaches 
closely to the numerical results. A paper based on this work is under consideration for publication.

We next attempt to obtain an estimate of the contribution of the remaining strings of oscillating terms of 
the 'Dyson-like' series towards the response. Instead of calculating the contributions of the higher order 
strings successively we attempt to solve the reduced set of inhomogeneous difference equations of 

order '2k' with k ≥ 2 for the spectral components of the fundamental. The solution thus obtained would 
then represent the net sum of the 'Dyson-like' series. Correspondingly, the response amplitude obtained 
with this solution would be the net contribution of all the strings of oscillating terms. Work in this 
program is partially complete.

lliptic flow of direct photons in relativistic heavy ion collisions is believed to be dominated by 

contribution from thermal radiation of quark gluon plasma up to p  ~5 GeV/c, although other T

sources start outshining the thermal contribution at already smaller values of p  in the direct T

Elliptic flow of thermal photons from event-by-event 
hydrodynamic model

1 2,3 2,3R. Chatterjee, H. Holopainen , I. Helenius , T. Renk
2,3and  K. J. Eskola

1Frankfurt Institute for Advanced Studies, Ruth-Moufang-Str. 1, D-60438 Frankfurt am Main, Germany
2Department of Physics, P.O.Box 35, FI-40014 University of Jyvaskyla, Finland
3Helsinki Institute of Physics, P.O.Box 64, FI-00014 University of Helsinki, Finland
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photon spectrum. The elliptic flow of thermal photons from ideal hydrodynamics considering a 

smooth initial density distribution under-predicts the PHENIX direct photon data from 200A GeV 

Au+Au collisions at RHIC by a large margin in the range 1<p <5 GeV/c. However, a significant T

enhancement of thermal photon production due to fluctuations in the initial QCD matter density 

distributions is expected. We show that such fluctuations result in substantially larger photon elliptic 

flow for p > 2.5 GeV/c compared to a smooth initial-state-averaged density profile. The results from T 

event-by-event hydrodynamics are found to be sensitive to the fluctuation size parameter. However, 
the effects of initial state fluctuations are insufficient to account for the discrepancy to the PHENIX 

data for direct photon elliptic flow. Furthermore, the photon v is reduced even more when we include 2 

the NLO  pQCD prompt photon component. We also calculate the spectra and elliptic flow of thermal 

photons for 2.76A TeV Pb+Pb collisions at LHC and for the 0–40% centrality bin. Thermal photons 

from event-by-event hydrodynamics along with prompt photons from NLO pQCD calculations 

explain the ALICE preliminary direct photon data well in the region p  ≥ 2.5 GeV/c. Similar to RHIC, T

the elliptic flow results at LHC are again found to be much smaller than the ALICE preliminary v data.2

Reference

[1]R. Chatterjee, H. Holopainen, I. Helenius, T. Renk, K. J. Eskola Phys. Rev. C88 (2013) 034901.

Sukanya Mitra and Sourav Sarkar

he study of transport coefficients of  matter produced in relativistic heavy ion collisions has 
received a lot of impetus following the discovery of a large elliptic flow in non-central 
collisions at RHIC. This result was interpreted as due to the production of a strongly interacting 

fluid and consequently to the presence of a small but 
non-zero dissipation. 

We have evaluated the shear and bulk viscous 
coefficients in the kinetic theory approach considering 
the case of a hot pion gas. The novelty in this effort is the 

use of an in-medium scattering cross-section 
which enters as the dynamical input in the 
formulation. Using a phenomenological 
Lagrangian approach the pi-pi cross-section in 
evaluated in terms of rho and sigma meson 
exchange wherein the medium effects have 
been incorporated through the self-energies in 
the rho and sigma meson propagators. The 

Medium effects on the  viscosities of a hot pion gas
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effect of early chemical freeze-out in heavy ion collisions is implemented through a temperature 

dependent pion chemical potential. The in-medium π-π cross-section is seen to differ significantly 

from the widely used vacuum one as seen in the adjoining figure. 

Using this cross-section in the collision term, the transport equation is solved in the Chapman-Enskog 

approximation to first order. The temperature dependence of the shear and bulk viscosities are found to 

undergo significant modifications as seen in the figures below.

Reference

 [1] S. Mitra and S. Sarkar, Phys. Rev. D87 (2013) 094026.

Sabyasachi Ghosh and Sourav Sarkar

t is well known that low mass vector mesons play a very important role in lepton pair production 

during the later stages of relativistic heavy ion collisions. The invariant mass spectra obtained from 

these experiments is consistent with a significant broadening of the spectral shape of vector 

mesons, the rho meson in particular.  Here we investigate the spectral properties of the omega meson 

which has recently assumed importance.

Using the real time formalism of field theory at finite temperature and density we have evaluated the in-

medium omega self-energy from baryon and meson loops. We have analyzed in detail the 

discontinuities across the branch cuts of the self-energy function and obtained the imaginary part from 

the non-vanishing contributions in the cut regions. An extensive set of resonances have been 

considered in the baryon loops. Adding the meson loop contribution we obtain the full modified 

spectral function of the omega meson in a thermal gas of mesons, baryons and anti-baryons in 

equilibrium for several values of temperature and baryon chemical potential. The figure on the left 

shows the individual contribution of the meson and baryon loops to the omega width and the one on the 

The spectral modification of the omega meson at finite 

temperature and density
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right gives the total contribution at two values of the baryon chemical potential.

 

Reference

[1] S. Ghosh and S. Sarkar, Eur. Phys. J A49 (2013) 97.

Sabyasachi Ghosh, Sukanya Mitra and Sourav Sarkar

eavy quarks, charm and bottom, and their bound states have emerged in a leading role as 

probes of the strongly interacting system produced in heavy ion collisions. However, in most 

estimates the role of hadronic matter in the analysis of signals involving heavy flavour 

mesons have been ignored. We evaluate the one-loop self-energy of the D and D* mesons in a hot 

hadronic medium using the real time formalism of thermal field theory. The interaction of the heavy 

open-charm mesons with the 

thermalized constituents e.g. π, K 

and η mesons of the hadronic 

matter is treated in the covariant 

formalism of heavy meson chiral 

p e r t u r b a t i o n  t h e o r y.  T h e  

imaginary parts are extracted from 

the discontinuities of the self-

energy function across the unitary 

and the Landau cuts. The non-zero 

contribution from the latter to the 

spectral density of D and D* 

mesons opens a number of sub-

D and D* mesons in the medium and J/Ψ dissociation 

in hadronic matter 
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threshold decay channels of the J/ψ leading to a significant increase in the dissociation width in 

hadronic matter.

The figure below shows the J/ψdecay width in hadronic matter as a function of temperature. We see a 

significant decay probability at higher temperatures. In order to effectively account for the composite 
nature of the hadrons involved  a monopole type form factor is included at the vertex. We show results 

for two values of the cut-off  Λ.

Reference
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Determination of arsenic in ground water using 

external irradiation of liquid sample by charged 

particle activation analysis

1 2 1 3J. Datta , R. Guin , D.P. Chowdhury  and A.V. R. Reddy
1 Analytical Chemistry Division, BARC, VECC, Kolkata, India
2 Radiochemistry Division, BARC, VECC, Kolkata, India
3 Analytical Chemistry Division, BARC, Mumbai

harged particle activation analysis (CPAA), similar to neutron activation, is a sensitive nuclear 
analytical technique for the determination of elemental concentration at trace and ultra trace 
levels. A programme has been taken to determine total As along with As(III) and As(V) 

speciation in ground water by CPAA. Arsenic was determined by producing a suitable activation 
75 75 75product Se (t  = 119.8 d, E = 136.0, 264.6 keV) by As(p,n) Se reaction with threshold energy (1.6 1/2 γ 

MeV), coulomb barrier (6.4 MeV) using 18 MeV proton beam from VEC machine.

The standard solutions of As(III) and As(V) of  2, 20 and 50 ppm were prepared from As O  and 2 3

Na HAsO ,7H O respectively and ground water samples were collected from the district of 24-2 4 2

Parganas. The irradiations of standard As solution and water samples (5 ml) were carried out in a thin 
walled Al tube (thickness 200 µm) with on line water condenser by extracting the beam in air through 

Havar window (thickness 25 µm) using 18 MeV proton beam with beam current ~ 1 µA for 10 - 20 hr 

depending on the type of samples. The counting measurements of active samples were performed with 
high resolution PC based HPGe detector after a cooling for 2 days. 

The speciation work was carried out by radiochemical separation of As(III) and As(V) by passing 
74 74through strong anion exchange resin using As tracer which was produced from Ge target by Ge(p, 

74n) As using 15 MeV proton beam. The DOWEX 1X8 resin (100 – 200 mesh) in chloride form [1] was 
-first converted into OH  form by passing 1M NaOH solution and then in acetate form by passing 1M 

acetic acid. The loading solution was made with As(III) and As(V) individually and their mixtures 
-1separately using standard As solution (~ 10 mg L ) in 10 ml 0.1N HCl solution with the corresponding 

74As tracers in each of them. The elution was carried out with 30 ml 0.1N HCl and the eluates of 1 ml 
74each were collected in vials up to 30 fractions in each run for the measurement of -activity of As tracer.

75A more or less linear calibration was observed between the Se activity against As concentration in 
ppm, presented in Fig.1, irrespective of its oxidation states indicating no loss of any As during 

irradiation with the condensation arrangement. The γ-spectra of the water samples have been analyzed 
75and from the yield of Se the concentration of As was computed by comparing with the calibration 

curve. The total As content was found to be present in three water samples, collected from North 24-

C
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Paraganas in West Bengal, 
as  198 ± 11, 190 ± 9, and 

-1258 ± 12 µg L  which is ~ 
20 times higher than the 
permissible limit (10 µg

-1 L ) in drinking water set by 
WHO. It was found in the 
speciation study that 
As(III) was eluted out in 
the fractions of 4 – 14 and 
As(V) in the fractions of 16 
– 26 as presented in Fig. 2. 
The recovery of both 
As(III) and As(V) was 
found to be ~ 98 %. In order 
to validate our speciation 
work ,  two  syn the t i c  
mixtures of As(III) and 
As(V) standard solutions 
with 5 and 10 ppm each 
were separated by the 
above  ion  exchange  
method for carrying out 
irradiations. In addition, 
the same water samples 
whose total As were 
already determined as 
mentioned above, were 
u n d e r g o n e  s a m e  
radiochemical separation 
by above ion exchange 
method. The separated 
As(III) and As(V) were 
kept ready for irradiation 
with 18 MeV proton beam  
in order to determine the 
individual As(III) and 
As(V) concentrations in the 
ground water sample 
whose total As content is 
hereby reported in this report.

Reference

[1] W.H. Ficklin, Talanta. 30 (1983) 371.
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Fig. 1: Calibration for As determination by CPAA.

Fig. 2: Chemical separation of As(III) & As(V) by ion exchange for speciation.
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The measurement of rate of surface erosion of D9 

material of fuel element by thin layer activation 

technique during laser ablation process

1 2 1 2J. Datta , R. Verma , D.P. Chowdhury  and A.V.R. Reddy
1Analytical Chemistry Division, BARC, VECC, Kolkata, India 
2Analytical Chemistry Division, BARC, Mumbai

fter successful application of thin layer activation technique to measure the rate of surface 
erosion of zircaloy material of fuel element during laser ablation [1], it has been now planned 
to apply in D9 material of fuel pin used in Indian nuclear power reactor. D9 material is a Ti 

56 nat 56variant of S.S. 316 with Fe as a major constituent element. The Co produced by Fe(p, n) Co nuclear 
reaction using proton beam is the ideal isotope for TLA application in Fe based D9 alloy material due to 
its long half life (78.8 d) and convenient γ-ray 846.8 keV (99.9 %). The kinematic parameters of the 
reaction are highly favourable like : Threshold energy of the reaction (E ) – 5.4 MeV, Coulomb barrier th

(E ) – 5.0 MeV, Maximum cross section (σ)  ~ 500 mb at 12 MeV. Therefore, 15 MeV proton was C max

chosen to produce a thin layer of activity of ~ 500 µm in D9 material. The TLA work consisted of 
generation of calibration curves in D9 material, irradiation of D9 sample material of fuel element and 
laser ablation process of irradiated D9 sample to measure rate of surface erosion.

The calibration curves have been generated by stacked foil irradiation, carried out in two steps with 15 
MeV proton beam out using thin foils of S.S. 316 type (thickness – 5 µm). Two stacked foil assembly 
were made, one set (STK 1) to cover energy range, 15 – 10 MeV and other set (STK 2) for 12 to 5 MeV, 
so as to get duplicate values of yields at few energies of proton beam for checking the reproducibility of 

results. The stack was made 
with S.S. foil and Al foils, 
serving as the catcher cum 
energy degrader foils and 
the thickness of the Al foils 
was computed from the 
stopping power data as per 
the requirement to degrade 
the proton energy. A Ti foil 
(~ 5 µm) was placed in front 
of each stack to check the 
beam current measured by 
Faraday cup arrangement. 
The irradiations of the two 
stacks were carried out 
using a narrow collimated 
steady beam of current ~ 
500 nA for 15 - 20 hr. The 
irradiated stacks were 

A

nat 56Fig. 1: Variation of cross section of Co(p, n) Co reaction with proton energy.
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56Fig. 2: Yield curve of Co isotope from S.S. 316 alloy material
against proton energy.

allowed to cool for one 
month for the decay of short 
l i v e d  n u c l i d e s .  T h e  
irradiated stacks were 
opened and each target S.S. 
foil along with catcher foil 
was mounted on Perspex 
p l a t e  f o r  c o u n t i n g  
m e a s u r e m e n t s .  T h e  
r ad ioac t i ve  coun t ing  
measurements of all the 
foils were carried out with 
h i g h  r e s o l u t i o n  γ -
spectrometer and the data 
analysis of γ-spectra was 
carried out to obtain the 

56yields of Co isotope. The 
56yields of Co were plotted 

against the energy of proton 
beam, corresponding to the 
position of the target foil in 
the stack, to obtain the yield 
curves. The nature of yield curve (Fig.2 with stack1 and stack 2) matches with the reported excitation 
function (Fig. 1). The calibration curve will be generated from yield curve by polynomial fitting 
process.

Two sample pieces of D9 material of fuel element were irradiated with 15 MeV proton beam with beam 
current 500 nA for 20 h and will be sent to BARC for laser ablation study.

Reference
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1 1 2J. Datta , D.P. Chowdhury  and N.R. Ray
1Analytical Chemistry Division, BARC, VECC, Kolkata
2Surface Physics division, Saha Institute of Nuclear Physics

he Hydrogenated Diamond Like Carbon (HDLC) thin films [1-2] are deposited on Silicon 
substrate at room temperature using asymmetric capacitively coupled RF plasma with varying 

Study of depth profile of hydrogen in hydrogenated 

diamond like carbon thin film using ion beam analysis 

techniques
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flow rates of methane from 20, 30, 40, and 70 SCCM, will be represented as samples A, B, C and D 
-7respectively. These films were undergone annealing at high vacuum (~10  torr) and high temperature 

0(750 and 1050 C) furnace. The depth profiling of hydrogen in as-prepared and annealed HDLC films 
1 19 16by Nuclear Reaction Analysis (NRA) using the resonance at 6.44 MeV in H( F,α) O nuclear reaction 

[3]. The Rutherford backscattering (RBS) [4] on the as-prepared and annealed samples, with 1.0 MeV 
-6proton beam have now been carried out in the scattering chamber under vacuum 5×10  mbar to 

measure the thickness of HDLC films. The backscattered particles were detected by a silicon surface 
0barrier detector at an angle of 170 . Both the NRA and RBS measurements were carried out by a 3 MV 

Tandetron accelerator at the surface and profile measurement laboratory of the NCCCM, Hyderabad, 
India.

The atomic fraction of hydrogen in the HDLC film (considering as a binary film, C H ) was estimated x y

by the following equation

        (1)

Where Y ratio of gamma yields for standard and sample, f atomic fraction of hydrogen in the film 
i th material given in subscript, ε and  stands for the stopping cross section for the standard and the iStd

element having in the superscript, respectively. The Y is obtained from the gamma-ray yields recorded 
in a PC-based multichannel analyzer. 

Fig. 1: (a) Depth profile of as-prepared HDLC films, A – D, deposited with different CH  flow rate. (b) Depth profile of HDLC 4

thin films onto Si(100) substrate. Flow rate of CH is 30 SCCM.4 

In depth profiling of HDLC film by NRA it was observed that the prompt -ray yield first increases with 

the beam in the surface and then decreases as the beam of higher energy penetrate deep into the film. 

The maximum hydrogen concentration was found within ~ 10 nm from the surface in most of the films. 

Because the dangling bonds present in the surface are passivated by the hydrogen during the deposition 

of the HDLC thin films. The second observation of increase in hydrogen content in the films from 20 

SCCM (27.1 at%) to 70 SCCM (34.1 at%) at a given depth was due to the increase of the flow of 

methane (20 to 70) during the deposition of the films for same time, as shown in Fig. 1a. The continuing 

decrease of the hydrogen with depth of the as prepared films indicates that the films having higher 

graphitic nature towards the bulk than that of the surface of the films, and this trend continued upto the 

interface region between the HDLC and substrate (Si). This can be explained considering one 

intermediate buffer layer of SiC or graphite in a bias enhanced nucleation of diamond on Si, as shown 
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by Robertson [5] in a model of diamond/graphite/Si(100) interface. This model provides the minimal 
0lattice mismatch and minimal interfacial energy. The annealed films (750 and 1050 C) showed that the 

hydrogen content in all the cases, are lower than that of the as prepared HDLC sample, as shown in Fig. 

1b. Again, the hydrogen content of the same set of films decreases with the increase in the annealing 

temperature, as expected. These results clearly indicate significant loss of bonded hydrogen atoms 

from the HDLC sample due to annealing effect. The maximum hydrogen depth observed in the 
0annealed films decreasing from 83, 68, 59 nm on increasing the temperature from room temp, 750 C, 

01050 C respectively. This above observations indicated that the metastable diamond is converted into 

thermodynamically stable graphite at elevated temperature.

The backscattered spectra for as prepared and annealed samples are recorded using 1.0 MeV proton 

beam and are shown in Fig. 2 (a & b). The sharp peak is observed over the broad plateau of silicon is due 

to the carbon. The sharp peaks of carbon in the inset of Fig. 2a, show increase of  peak area from 

417±24 to 774±34 to 1936±65 counts/C, and FWHM from 10.7±0.5 to 11.2±0.7 to 14.71±0.8  keV 

with the increase of flow rates of methane in the as-prepared samples, 20, 30, 70 SCCM, respectively. 

Therefore, the thickness of the film increases with flow rates of methane. 

Fig. 2: (a) RBS measurements on as prepared HDLC thin films onto Si backing prepared at different flow of methane with 1.0 
MeV proton beam. (b) RBS measurements on HDLC thin films onto Si backing (30 SCCM, both as prepared and annealed at 

0750 and 1050 C) with 1.0 MeV proton beam from Tandetron accelerator. The backscattered particles were detected by a 
0silicon surface barrier (SSB) detector at an angle of 170 .

The RBS spectra for the as prepared and annealed HDLC samples are measured. The FWHM for 
0samples B (30 SCCM) both as prepared and annealed at 750 and 1050 C were 11.2±0.7, 11.1±0.5, 

10.4±0.5 keV at 722±3 keV and the integrated area under the peaks are 813±46, 774±34, 670±27 

counts/C respectively. It is observed that the as prepared films have higher peak yields and higher 

FWHM compared to that of annealed one as shown in Fig. 2b. This result indicates thickness of as-

prepared samples is larger than that for annealed one.

As hydrogen is desorbed from hydrogenous materials during ion irradiation, the concentration of 

hydrogen should be measured as a function of ion dose and the initial hydrogen content can be obtained 

by extrapolation to the zero dose. These values were obtained from the polynomial fitting of the γ-ray 

yields vs. charge density. Whereas in case of standards (Mylar and Si N ) nearly constant integrated 3 4

counts for every 250 nC charge, were observed for the total 20 number of times exposure at primary 

beam energy of ~ 6.5 MeV. In contrary, the counts were slowly decreases for annealed samples and 

rapidly for the as-prepared samples. Because hydrogen may be present in the film as bonded by 
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chemical forces and non-bonded by physical forces or weak Van der Wall forces. Therefore, the weakly 

bonded hydrogen readily desorbs from the thin films on heating as observed in as-prepared films and it 

decreases with the increase of annealing temperature and also decreases with the decrease in the flow of 

methane during the preparation of the film.

19 3+Fig. 3:  γ-ray counts/µC vs. charge (µC) or fluence of  F  during H  depth profiling for as prepared (two regions, 5 mm apart), 2

0annealed at 750 C of 20 SCCM HDLC and Si N  standard at beam current (3 nA) in NRA experinent.3 4
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iO  is a large band gap semiconductor with 3.2 eV for anatase and 3.06 eV for rutile and these 2

have absorption in the UV region. However absorption region can be shifted to visible by 

doping TiO  with other metal ions to make it sensitive in the visible region as well. Thin films 2

Study of the role of metal core on the thermal behavior 

of Ag@TiO  core-shell nanoparticles2

T
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of TiO  would find application in 2

electronic industry as a spintronics 

material [1]. Photocatalytic activity of 

TiO  [2] is inhibited due to the 2

recombination of holes with the 

electrons produced during absorption of 

radiation. 

In the present work, The core-shell 

Ag@TiO  nanoparticles (np) have been 2

synthesized through the sequential 

route by the controlled hydrolysis [3] of 

titanium (IV) tetra-isopropoxide at pH 

1.5 in the medium containing the 

previously formed Ag np by gamma 

radiolysis method [4]. The thermal 

behavior of the core-shell system has 

been compared with the pure TiO  2

system by annealing at 473, 673, 873 

and 1073 K respectively for 6h. The 

Transmission Electron Microscopy 

(TEM) image of Ag@TiO  core-shell 2

np is shown in Fig. 1. The study has 

been carried out with the nuclear probe 

technique Time Differential Perturbed 

Angular Correlation (TDPAC) in 

combination with another standard 

analytical technique X-Ray Diffraction 

(XRD). The XRD patterns at different 

annealing temperature for Ag@TiO  np 2

are shown in Fig. 2. 

PAC spectroscopy relies on the nuclear 

quadrupole interaction (QI) between 

the quadrupole moment of the probe 
181 181nucleus ( Hf/ Ta) and the Electric 

Field Gradient (EFG) at the probe site. The EFG eventually implies the charge distribution around the 
-3probe atom and because of its r  dependence, the major contribution to QI arises from the nearest 

neighbor charges. The TDPAC spectra of Ag@TiO  np annealed at different temperatures are shown in 2

Fig. 3. The time spectrum is on the left and the corresponding Fourier transform is on the right. The 

topmost spectrum represents the as-synthesized np and it remains the same up to the annealing 

temperature of 673 K up to which the Fourier transform implies the amorphous nature of the sample. 

The PAC spectrum is fitted with two components: one with the anatase phase parameters ω=45.5 (2) Q

Fig. 1: TEM picture of Ag@TiO  core-shell np.2

Fig. 2: XRD patterns at different annealing temperature for
Ag@TiO  np.2
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Mrad/S and η = 0.16 (2) and other with a broad component with equal proportions. The difference 

the TDPAC structure between the pure and core-shell np annealed at 1073 K has been presented in Fig. 

4. The rutile phase could  not evolve at 1073 K for Ag@TiO  np. 2

 

The XRD measurements have also been used to estimate the crystallite size utilizing the Debye-

Scherrer equation. The existing phase(s) and the corresponding particle size at different annealing 

temperatures have been furnished in Table 1.

The above observation can be explained with the fact that the effective grain growth (bulk to surface 

ratio) required for the rutile-conversion could not take place in case of Ag@TiO np due to the presence 2 

of Ag core. Thus, either anatase or rutile phase can be stabilized for different applications by properly 

choosing the metal core. Here, the Ag-core stabilizes the anatase phase upto 1073 K.

Reference

[1] Y. Gao et al., Japanese Journal of Applied Physics, 46(9A), 5767 (2007).

[2] M. A. Fox and M. T. Dulay, Chemical Reviews 93, 34 (1993).

[3] D. Bahnemann et al., J. Phys. Chem. 88, 709 (1984).

[4] Y. N. Rao et al., Rad. Phys. Chem. 79, 1240 (2010).

in 

Annealing Pure TiO  nanopaticle Ag@TiO  nanoparticle2 2

Temp (K)   

Size (nm) Phase Size (nm) Phase

473 3.8 amorphous 2.1 amorphous

673 4.5  amorphous  4.8 amorphous

873 6.4 anatase+ amorphous  8.1 anatase+ amorphous

1073 16.1  anatase + rutile 16.4 anatase

Fig. 4: TDPAC spectra of pure TiO  and Ag@TiO2 2

nanoparticles at 1073K.
Fig. 3: TDPAC spectra of Ag@TiO  at different annealing2

temperatures.
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243Ultrathin α-active Am target preparation for fusion-

fission dynamics study

R. Guin and S. K. Das

Accelerator Chemistry Section, RCD (BARC), VECC, Kolkata 

243Am is a strong α-active substance (t =7400y) with few low energy γ-lines and an important nuclide 1/2

for fission studies. Its target preparation is challenging as contamination of α-activity is highly 
hazardous. It needs an isolated area and extreme care. For an on-line study the target should be very 
thin. It should be either self- supported or should have a backing material of very low thickness. In this 
case, the targets were prepared by electrodeposition in non-aqueous medium on the surface of 

2 aluminum foil of thickness 200 µg/cm which is extremely fragile. The whole operation was carried out 
in an isolated, well protected fume hood (shown in Fig.1) to avoid the spreading of α-contamination.

                

                                       Fig. 1:  Electrodeposition setup.                                                                    Fig. 2: Target.

243The Am activity was procured as 2(M) HNO  solution. For electro-deposition, the acidity of the 3

solution was reduced to a minimum level by repeated evaporation with water to almost dryness. The 
activity was then taken in 2-propanol which was used as the electrolytic solution. The thin backing of 

2 2200 µg/cm  Al foil was supported by a thick Al foil (~ 7mg/cm ) and was put in the electrolytic cell. The 

thick supporting Al foil had a central hole of 10 mm φ so that the target backing was actually 200 
2µg/cm . The electrolysis was carried out at 500 V, 0.5 mA condition for about one hour. After 

electrolysis, the target was fixed in an SS holder (Fig.2) suitable for irradiation inside a scattering 
chamber. The whole operation was constantly monitored by the Health Physicists to check any α-
contamination in the nearby areas of the electrodeposition setup. Any contamination of the personnel 
involved was also constantly checked by alpha hand monitor. The thickness of the targets prepared was 

2estimated to be 60-80 µg/cm .
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243 11Using this target, the fission characteristics of the ( Am + B) system has been studied in collaboration 
with the Physics Group of VECC at near barrier energies. The target was found to be quite stable as 
even for about one week of almost continuous irradiation, there was no case of α-activity fall out from 
the target.

1 2 1Kajori Parial , R. Guin  and D. Sengupta
1Department of Geology & Geophysics, IIT, Kharagpur
2 Accelerator Chemistry Section, RCD (BARC), VECC, Kolkata 

oal is the main energy resource used for power generation in most of the developing nations. 

Radionuclides (along with various other trace elements), present naturally in coal, gets 

incorporated in the coal matrix geologically during the coalification process. On combustion, 

about 85% of volume reduction occurs, facilitating the enrichment of the radionuclides and other trace 

elements in the ash. In Thermal Power Plants, the coarser ash particles (>200 µm) are collected in the 

precipitators, mixed with water and finally disposed in slurry form in the ash ponds to dry in the sun. 

The finer fly ash particles (<200 µm) are released directly in the atmosphere which get deposited in the 

nearby soil to a certain extent. These cause a significant increase in the dose obtained by the power plant 

personnel as well as population living in the adjoining areas. Besides, inhalation of the fly ash particles 

and ingestion of crops with ash deposition on its surface act as a source of hazard. The present study 

aims at investigating the change in radiation scenario around Kolaghat thermal power plant in a decade.

Investigation of the decadal change in radiation 

scenario around Kolaghat thermal power plant

C

Fig. 1: Radionuclide activity (Bq/kg) variation in
Kolaghat ash after 10 years.

Fig. 2: Radionuclide activity (Bq/kg) variation in
Kolaghat soil after 10 year.
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Ash samples were collected from the sun dried ash mounds and soil samples from different locations in 
the nearby villages (within 2 km from the ash ponds) were collected. The samples were analyzed γ-

238 232 40spectrometrically by a 50% HPGe detector for their activity content with respect to U, Th and K. 
The results were compared with the data obtained from the same areas a decade ago and are shown in 
Fig. 1 and Fig.2: 

238  232The activity concentrations of Uand Th were found to increase in ash as compared to earlier study 
238  232(Mandal and Sengupta, 2003). In soil, U activity increased whereas slight decrease in Th activity 

was observed. This can be due to fresh deposition of uranium rich fly ash from the stack constantly. Of 
40the three radionuclides considered, K exhibited maximum increase (~5 times in ash and ~7 times in 

soil) in activity concentration as compared to that reported earlier. The increased potassium activity 
observed in this study can be attributed to the higher concentration of the potassium isotope present in 

40the feed coal itself. The same trend for K activity was observed in soil and can be attributed to the high 
concentration in the feed coal. All these radionuclides contribute to the increasing radiation dose in the 
environment. At present, the annual effective dose rate in the study area has been estimated to be 0.2 

-1 -1mSv y . It is ~3 times higher than the worldwide average of 0.07mSv y  (UNSCEAR, 2000) and is of 
great concern. The effective way to deal with this increasing radiation hazard from the Thermal Power 
Plants is quality control of the feed coal prior to combustion. An on-line analyzer for radioactivity 
estimation of the feed coal quality should be deployed in the plants to identify and discard high 
radioactive coal beyond a certain cut-off percentage.

References

[1] Mandal, A. and Sengupta, D. Environ. Geol.44, 180 (2003)

[2] UNSCEAR, 2000. Sources and Effects of ionizing Radiation. United Nations Scientific Committee on Effects of 
Atomic Radiation (UNSCEAR) Report to the General Assembly with annexes. United Nations.
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echnetium-99m (t = 6.02h; 140.51 keV (89%), principle γ-emission energy) is known to be the 1/2

most useful radioisotope in diagnostic nuclear medicine. More than 80% of all diagnostic 
99mprocedures done worldwide in nuclear medicine centre are performed with Tc. Worldwide 

An indigenous user-friendly PC controlled automated 
99mTc-TCM-AUTOSOLEX generator : design & 

production of the unit, performance and quality 

control studies

T
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99crisis of fission Mo based 
generator in recent past had 
put the Nuclear Medicine 
fraternity in very harsh 
situation. In order to have an 
indigenous solution of this 
problem, RC, Kolkata tried to 
develop a semi automated 
99 99mMo/ Tc generator which 
utilizes abundantly available 
99Mo (n, γ) produced by (n,) 

reaction in BARC reactors. 
The final version of this 
g e n e r a t o r  ( T C M -

AUTOSOLEX) was developed through continuous improvement of several older versions. 

99mAn automated closed cyclic module (TCM-AUTOSOLEX) for separation and recovery of Tc, using 
99solvent extraction technique, from low specific activity Mo obtained in research reactor has been 

indigenously developed at BRIT, Kolkata in collaboration with VECC. The module may also be used 
99mfor separation of Tc produced in cyclotron. The module is safe and reliable and operated remotely 

through a PC, thus avoiding direct handling of radioactive and hazardous chemicals by an operator. The 
99m -TCM-AUTOSOLEX generator system is based on the selective extraction of pertechnetate ( TcO  ) 4

99in methyl ethyl ketone (MEK) from aqueous alkaline (n,γ)Na MoO solution and subsequent 2 4 

Fig. 1: Autosolex radiochemical process Unit.

Fig. 2: Chemical process. 
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purification of the organic 
phase by passing through 
an alumina column to 
remove traces of Mo, alkali 
etc. and careful evaporation 
of the organic phase. 
F i n a l l y,  t h e  r e s i d u e  
obtained after evaporation 
i s  r e c o n s t i t u t e d  i n  
physiological saline (5-10 
m l ) ,  c o l l e c t e d  i n  a
vacuum vial. A 16-bit 
microcontroller based 
embedded system has been 
designed indigenously to 
a u t o m a t e  t h e  e n t i r e  
process.

A PC based graphical user 
interface (GUI) has also 
been  deve loped  tha t  
communicates with the 
controller electronics over 
a serial link. The user sets 
the timing of each sequence 
of the process and also the 
temperature of a thermal 
bath that is used in the 
evaporation stage. These 
settings are sequentially 
sent via a serial link to the 
controller electronics that 
operates the heater system, 
valves and pump accordingly. A conductivity detector has also been designed and implemented to 
automate the separation of the chemicals based on difference in resistivity of the two liquids. Apart 
from setting and command interfacing between PC and the process, the controller unit also provides 
monitoring over the actuators, conductivity detector and heater temperature (±50C) and sends the 
status to the GUI. An additional feature of time-stamped data logging is also built in the GUI for 
diagnostics purposes.

99 99mThe module was installed at Regional Centre, BRIT, Kolkata and several runs with Mo- Tc activity 
(300-500mCi) were carried out and subsequent quality control studies were performed.

99mPerformance study of  Tc obtained from TCM-AUTOSOLEX : 

99Three batches of Mo-Moly (Batch size: 300mCi, 500mCi and 300mCi) were processed to recover 
99mpharmaceutical grade Tc using TCM-AUTOSOLEX module. Average yield of separation was above 

95% (n= 22).

99m 99 99mQuality Control of  Tc :  Mo breakthrough in Tc pertechnetate was <0.002% (n=22).

Figs. 3 & 4: Autosolex electronics assembly inside 19” rack (left) & photograph of
the PC base GUI controlling the process chemistry.
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99m 99Fig. 5: Yield Profile of Tc and Mo.

99mFig. 6:  Renogram of a rat with  Tc-DTPA for 30min.

PROGRESS REPORT 2013

99mR. C. Purity of Tc pertechnetate 
was 99% (n=22). Chemical purity 

99mof Tc pertechnetate for Al, Mo, 
MEK content:  Al & Mo ( < 
10ppm, n= 22), MEK (<0.1% v/v, 
n= 22)

99mR.  C.  Purity  of  Tc-
Radiopharmaceuticals: Tc-MDP, 
Tc-DTPA, Tc, MIBI was above 
96% (n= 10). Image studies of rats 

99m 99mwith Tc-MDP, Tc-MIBI, 
99mTc-DTPA radiopharmaceuticals 
were done at RRMC, VECC, 
Thakurpukur in collaboration 
with IICB, Jadavpur.

99m Table 1 : Typical physico-chemical results  of  Na TcO4

The Autosolex module was 

demonstrated successfully on 

June 4, 2013, in the presence of 

Dr. Dinesh Kumar Srivastava, 

Director, VECC, Shri Subimal 

Saha, Head, ATG, CPIESG, 

VECC, Dr. Shantanu Ganguly, 

RRMC, VECC, Dr. Mridula 

Misra, Head, Nuclear Medicine 

Department, IICB, Jadavpur and 

r e p u t e d  d o c t o r s  f r o m  

Rabindranath Tagore Hospital, 

Kolkata and Gamma SPECT 

Diagnostic Centre, Kolkata, EKO 

X-ray & Imaging Institute, 

Kolkata. This system has also 

been demonstrated in presence of 

BRIT Rev iew Commit tee  

members, Shri Y.S Mayya, 

Chairman, Shri A Ramaiah, IFA, 

pH 6-7

Clarity Clear soln.

MEK content Less than 0.1% Std.

Al content Less than 10µg/ml  Std.

Mo content Less than 10µg/ml  Std.
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BRIT, Dr. M.G. R. Rajan, 

Head,  RMC, BARC, 

SGM, MCF, BRIT and 

Shri M C Dinakaran, GM, 

BRIT, Mumbai on July 5, 

2013. This module can 

provide the most economic 
99mTc-pertechnetate using 

indigenously produced 
9 9 M o  f r o m  r e s e a r c h  

reactors of DAE.

Dr. D.K. Srivastava, Director VECC, Shri Subimal Saha, Head ATG, CPI&ESG, VECC, doctors from 

various institutes in and around Kolkata visited the RC, BRIT, Kolkata lab during the demonstration of 

the developed generator.

99mFigs. 7 & 8:  Myocardium perfusion study and Bone scan of rats  with Tc-MDP
99mwith Tc-MIBI.
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99 99mMo/ Tc-TCM-autosolex module : Physico-chemical 

quality & bio-quality control and clinical studies of 
99msodium [ Tc]pertechnetate

1 1 1Sankha Chattopadhyay , Luna Barua , Sujata Saha Das , Anirban 
2 1De, Arpit Mitra , Umesh Kumar , Samarendu Sinha, Amit Gupta, 

1 1 2Shantanu Ganguly, Madhusmita , Md Nayer Alam , MGR Rajan , 
1Malay Kanti Das , Subimal Saha

1Radiopharmaceuticals Lab., Regional Centre, BRIT, VECC, Kolkata 
2Ratiation Medicine Centre, BARC, BRIT, Parel, Mumbai

99 99mMo/ Tc-TCM-Autosolex is an automated computer operated closed cyclic module for separation, 
99mpurification and recovery   of Tc,  using methyl ethyl ketone (MEK) solvent extraction technique, 

99from low  specific activity (n,γ)Mo obtained in BARC research reactor.  The module has been 

indigenously developed at Regional Centre, BRIT, Kolkata in collaboration with VECC with extended 

support and help obtained from BRIT, Mumbai and RMC, Parel, Mumbai. 

Technetium-99m (t = 6.02h; 140.51 keV (89%), principle γ-emission energy) is a well known 1/2

radioisotope for use in diagnostic nuclear medicine. Millions of patients in India have received MEK-
99route-processed Tc-99m products which utilizes abundantly available Mo(n,γ) produced in BARC 

reactors. Physico-Chemical quality control, bio-quality control and clinical studies of sodium 
99m[ Tc]pertechnetate obtained from TCM-Autosolex module has been studied.

99m 99TCM-AUTOSOLEX MODULE for separation  of Tc from  (n,γ)Mo

An average yield of separation of 
99m 99Tc was above 95% and Mo 

9 9 mb r e a k t h r o u g h  i n  T c  

pertechnetate was <0.002%. The 

pertechnetate obtained as above 

was clear solution, pH – 6-7, 

radiochemical purity (RCP) > 

99%, MEK content < 0.1% 

standard, Al & Mo content < 10 

µg/ml. standard.  R. C. Purities of 
99m 99mTc -MDP, Tc –DTPA and 
99m 99mTc-MIBI and Tc-DMSA 

RPS were  above 96%. 
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The chemical processing of  TCM-

AUTOSOLEX generator system was 

based on the selective extraction of 
99m -pertechnetate ( TcO  ) in MEK from 4

9 9aqueous alkaline (n,γ)Na MoO  2 4

solution, separation of  the aqueous 

phase from the organic phase was 

controlled by an indigenously developed 

conductivity detector and subsequent 

purification of the organic phase by 

passing through an alumina column to 

remove traces of Mo, alkali, evaporation 

of the organic phase in a temperature 

controlled water bath and  reconstitution 

in physiological saline to obtain 
99mpharmaceutical grade Tc. 

999 batches of Mo-Soln. (Batch size : 

300mCi or  500mCi) were processed 

successfully to recover pharmaceutical 
99mgrade Tc  using TCM-AUTOSOLEX 

99mmodule (52 extractions of Tc) till 

December, 2013. 

Bio-quality control testing

Sterility testing and BET assay studies 

(bio-quality control tests) have been 

carried out at Radiopharmaceutical Lab, 

RC, BRIT, VECC, Kolkata,  in 

September, 2013 under supervision of 

Dr. M.G.R. Rajan, Head, RMC, BARC, 

Parel, Mumbai. Bio-Quality control 

report confirms the product complies for 

sterility and BET. 

First human study at RRMC, VECC, 
ndThakurpukur was carried out on 22  

October, 2013. More than 70 human 
99mstudies were carried out with Tc-

99m 99m 99mDTPA, Tc-DMSA, Tc-MDP, Tc-
9 9 mH I D A , T c - p e r t e c h n a t a t e  

radiopharmaceuticals till December, 

2013.

The TCM-AUTOSOLEX  module can 
99mprovide the most economic Tc-

pertechnetate using indigenously 

Bio-quality control testing inside Sterile Laminar flow
bench at Radiopharmaceuticals Lab, BRIT, VECC

99mTc-pertechnatate incubated in reagents for Sterility Study
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99produced Mo from our research reactor. TCM-Autosolex Generator gives enhanced radiological and 

pharmaceutical safety as well as enhanced capacity to handle much larger quantity of Mo-99.

1 1 2Indranil Banerjee , Kakali De , Sankha Chattopadhyay , Amal 
3 4 1Kumar Bandyopadhyay ,  Shantanu Ganguly  and Mridula Misra

1Department of Infectious Diseases and Immunology (Nuclear Medicine Division), CSIR-IICB, 4 
Raja S C Mullick Road, Kolkata
2Radiopharmaceuticals Laboratory, Regional Centre, Board BRIT, VECC, Kolkata
3Division of Pharmaceutics, Department of Pharmaceutical Technology, Jadavpur University, 
Kolkata

n recent years, nanotechnology has been considered as one of the most promising approaches in the 
fight against cancer. Different types of colloidal drug delivery systems that have been developed to 

An easy and effective method for radiolabelling of 

solid lipid nanoparticles

I
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incorporate anticancer drugs include SLN as well as 
liposomes and polymeric nanoparticles. Among 
these, SLN was introduced in early 1990s as an 
interesting colloidal drug delivery system.

SLN consists of lipids which are solid in room 
temperature and these lipids are characterized by 
their high biocompatibility and biodegradability. 
Easy preparation procedures, physical stability, 
protection of labile drugs from degradation, 
bioavailability enhancement, controlled release of 
drugs are some of the advantages of SLN. Like other 
nanoparticulate systems, SLNs also face several 
hurdles during preclinical development. The Food 
and Drug Administration (FDA) and the Alliance for 
Nano-Health recognized seven priority areas to bring 
nanoparticles to patients. Favourable imaging 

99mcharacteristics and economic reasons make Tc an 
ideal radionuclide to radiolabel drugs as well as 
nanoparticles.

In this article, we report an easy and effective method 
99mto radiolabel SLN by Tc. Sodium borohydride 

instead of stannous salts was effectively used to 

obtain radiocolloids free radiolabelled complexes. 

PTX loaded solid lipid nanoparticles (PSLN) and 

Taxol formulation were radiolabelled separately. 

Synthesized complexes have been undergone for 

quality control, characterization, biodistribution and 

scintigraphy studies. Nanoparticle preparation and 

characterization PSLN were prepared by convenient 

solvent emulsification followed by evaporation 

method. TEM and AFM experiments (Figs. , ) 

confirmed that morphology of PSLN was almost 

spherical in nature, and size of PSLN was below 100 

nm (approximately 70–80 nm). DLS measurement 

showed that prepared PSLN was monodisperse 

(mean polydispersity index = 0.16 ± 0.03, n = 3) in 

nature and hydrodynamic diameter of PSLN was 

within 200 nm (158 ± 11.7, n = 3). Zeta potential 

measurement showed that PSLN was negatively 

charged (-24.8 ± 1.2 mV, n = 3). It is interesting to 

note here that most of the lipid drug formulations 

approved by FDA are negatively charged lipid 

particulate systems. 

More than 85 % of PTX was found to be encapsulated 

in PSLN as determined by HPLC. Radiolabelling 

1 2

75

Fig. 1: TEM picture of PSLN.

Fig. 2: AFM picture of PSLN.

99mFig. 3: Scintigraphic image of  Tc-Taxol at 15 min. 
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and stability study Greater than 95 % 

radiolabelling efficiency was achieved and 

the labelling efficiency was calculated to be 
99mmore than 90 % upto 24 h for Tc-PSLN and 

99mTc-Taxol. Labelling efficiency was 

determined in ITLC by using acetone as 
99m 99mmobile phase. Tc-Taxol and Tc- PSLN 

were remained at the point of application (Rf 

= 0), while the free pertechnetate (Rf = 0.9 - 

1.0) migrates to the top portion of the ITLC 

strip. Both of these complexes have shown a 

considerable amount of stability in PBS and 

rat serum . The stability of the labeled 

complex in PBS and serum supports its 

stability in biological environment upon 

administration into the body. Apart from that 

DTPA challenge studies demonstrated that the 

labelling efficiency for both the complexes 

did not alter much in the presence of DTPA . 

Even at 50 mM concentration of DTPA, the 

transchelation was found to be less than 5 % 
99m 99mfor Tc-PSLN and Tc-Taxol.

Radiolabelling by sodium borohydride was 

found to be rapid. It has been reported in the 

literature that stannous salts lead to the 
99mformation of radiocolloids which affect the biodistribution of Tc labelled chitosan nanoparticles, but 

using sodium borohydride in labelling procedure no such interference is noted. Another advantage of 

using sodium borohydride is that we can use physiological pH (i.e. 7.4, alkaline pH) in labelling 

procedure (in case of stannous reduction method, we need to use acidic pH).  Both the complexes were 

distributed rapidly after intravenous administration as shown by their respective biodistribution 
99mstudies. The radioactivity fraction of 99mTc-PSLN in blood higher than Tc-Taxol as determined by 

biodistribution studies in normal rats. Results in biodistribution studies were supported by 

scintigraphic images of these complexes (Figs. , ). Images clearly suggest difference in brain uptake 

of these complexes. We have successfully prepared lipid nanoparticles formulation of PTX, having 

dimension less than 100 nm. Radiolabelling of PSLN as well as Taxol was done successfully by using 

sodium borohydride as a reducing agent. Interference of radiocolloids on the biodistribution can be 

avoided by this method as both the radiolabelling efficiency and radiochemical purity of the complex 

was found to be 95 %. Radiolabelling by this method was found to be easy and effective. This study 

indicates prepared PSLN may effectively deliver more PTX in brain than the marketed formulation of 

PTX. However, further evaluation in tumour developed animals is mandatory. 

3 4

99mFig. 4: Scintigraphic image  of Tc-PSLN at 15 min.
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68 68Evaluation of a Ge/ Ga generator made with the 
68indigenously produced Ge by proton irradiation of a 

gallium metal target in VECC cyclotron

1 1 1Malay Kanti Das , Madhusmita , Md. Alam Nayer , 
1 1 1Sankha Chattopadhyay , Umesh Kumar , Sujata Saha Das , 

1Luna Barua , Bidhan Chandra Mondal
1Regional Centre, Board of Radiation & Isotope Technology,
VECC, Kolkata, 

Objective

68n the recent times, the use of Ga (t =67.71min) has significantly increased globally. The reason 1/2

68 68 68for its present popularity is due to the availability of Ge/ Ga generator from where Ga can be 
68eluted in simple ionic form, suitable for labeling work. Because of the 270.8d half life of Ge, a 

68 68 68Ge/ Ga generator may be used for nearly one year. Moreover, Ga can be eluted 2-3 times daily from 
68 68the generator. Ge/ Ga generators are quite costly and currently available only from overseas supplier. 

68 68 68The parent radioisotope, Ge, for the Ge/ Ga generators is produced in a cyclotron. In view of the fact 

that the 30MeV DAE Medical cyclotron is expected to be operational some time in next year, it was 
68 68 68thought that the production of Ge and ensuring Ge/ Ga generator indigenously available would be a 

boon to the nuclear medicine fraternity in our country. In order to convert this dream to reality, we have 
68 68 68initiated to standardize various aspects of production of Ge and preparation of a Ge/ Ga generator.

Materials & methods

68 nat 68Ge was produced by Ga(p, 2n) Ge reaction in VECC cyclotron. About 0.7g natural gallium metal in 

the form of a 1.5mm thick disk was irradiated in specially designed target holders with the 18 MeV 

proton beam (3µA) for 7days. The chemical processing involved dissolution of the irradiated target in 
68 684M HCl and 30% H O  (3:1), extraction of Ge with chilled toluene and  back extraction of Ge with 2 2

0.1M HCl. SnO , (1g, 50–200 mesh, synthesized by the method reported in ARI,79,2013,42–47) was 2

68used to make the generator column. Ge in 0.1M HCl was loaded onto the SnO  column followed by 2

68washing with 600ml 1M HCl, ensuring removal of Zn isotopes. The generator was ready and Ga was 

eluted daily with 4ml 1M HCl for last  months. To reduce the impurity metal ion and acid 

concentration, the primary eluate was diluted two fold with water and loaded onto a small cation 

exchange resin column. The column was washed with 3ml 80% acetone: 20% 0.1N HCl and 1ml water 
68 68to remove Ge tracers and other metallic ions, like Zn, Cu, Fe etc.  Purified Ga was eluted with 1ml 

1M sodium hydroxide solution and collected in a vial containing 50µl glacial acetic acid.

Results & discussions

68 68Ge production rate at EOI was about 3.6µCi/µAh (n=2) and maximum 2mCi of Ge was produced 
68from a single run. Average yield of separation of Ge from the irradiated target was about 97%. Elution 

I
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68efficiency of the generator was 55% (n=80) and 95 % of the elutable Ga activity was collected in the 
68first 2ml of the eluate. The average yield of purified Ga was around 77% ± 5.7% (1SD, n=40). 

68Percentage of the loaded Ge activity broke through the column was 0.0025 and 0.00017 before and 

after purification, respectively (n=30). The pH of the final preparation was 6.5.

Conclusion

68 68 68This work shows that it is possible to make Ge/ Ga generators if sufficient Ge activity is made 

available. Once DAE Medical cyclotron is commissioned, it may be possible to produce large amount 
68of Ge indigenously. Main challenge to achieve that goal will be to design a target irradiation facility 

which can safely irradiate the gallium target material securing the integrity of the target chamber. 
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CYCLOTRON OPERATION2.1

K130  variable energy cyclotron operation

P.S. Chakraborty on behalf of Cyclotron Working Group

he K130 variable energy cyclotron is presently accelerating alpha, proton beams using an 

internal PIG ion source. The K130 cyclotron is generally operated in fundamental mode and 

has been delivering light ion beams in the range of 7.5–18 MeV per nucleon. Recently low 

energy light ion beams (1-2 MeV per nucleon) have also been developed. Light ion beam of 1-2 MeV/n 

has been a requirement by the experimentalists for performing sub-coulomb fission studies. Such low 

energy light ion beam has been transported to target for the first time in this K130 cyclotron. 

Few planned shutdown taken to upgrade/renovate the system and K130 cyclotron encountered few 
unplanned shutdown are mentioned in the following. 

Planned shutdown 

lA planned shutdown of two weeks (started in Dec, 2012 and continued in Jan, 2013) was taken 
to renovate control room, maintenance of all shield door track, renovation of basement corridor 
etc. 

lT h e  t r a i n i n g  a n d  
authorization program for 
issuing license to operate 
K130 cyclotron as per 
AERB's directive has 
b e e n  c o m p l e t e d  

thsuccessfully from 29  
thApril, 2013 to 13  May, 

2 0 1 3 .  T h e r e  w e r e  
t h e o r e t i c a l  c l a s s e s  
containing the description 
and functioning of sub-
systems of cyclotron and 
related safety aspects. 
Classes on fire safety and 
industrial safety were also 
included. There were also 
classes regarding the 
experiments performed in different beam lines. Practical demonstrations were also carried out 
at the labs and cyclotron vault and pit area which makes the training program more meaningful. 
An interview was also taken to judge the performance of the trainee candidates. Based on the 
recommendation of the interview committee Director, VECC has issued license to the trainees 

T
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CYCLOTRON OPERATION

to operate K130 variable 
energy cyclotron for a 
period of maximum 5 
years which may be 
renewed in future. 

lThe existing age old 
position control system 
h a v i n g  r e l a y  b a s e d  
interlock logic to drive and 
monitor parameters had 
d e v e l o p e d  m u l t i p l e  
problems and was not 
functioning as required 
thus making it difficult to 
tune the parameters. To 
improve the performance 
of the switching logic for driving the system and to read the position information of all the 
seven parameters, a programmable logic controller (PLC) based system was developed and 
installed in the room temperature cyclotron control panel. A planned shutdown was taken in 
July for PLC control work of central region. 

lAnother planned shutdown was taken in October and November to modify the gas flow system 

and to repair a water leak in the trim coil p/s cooling line. 

Unplanned shutdown:

lCyclotron faced few un-planned shutdown of which the major one was the problem in RF 

system. The difficulties in RF system took almost two and half months to solve the problem. 

lWater leaks in RF cavity components like dee-stem and panels and deflector system consumes 

more than one month. 

lFew other systems failure like p/s problem, communication failure, power dips and failure etc. 

also contributed to un-planned shutdown.
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Beam utilization

The light ion beams (alpha, proton and deuteron) were delivered on the target for about 2398 hours in 
all the four beam lines. Beam development activities were also in full swing in terms of new beam and 
beam current. Beam development activities were for about 868 hours. The above mentioned planned 
shutdown activities in all phases consumes about 1411 hours. Unplanned shutdown consumes about 
3405 hours. Ion source filament change, power dip, channel change over, systems problem, trouble 
shootings and maintenance of the sub-systems etc. took about 678 hours. Beam utilization is shown 
below in a pie chart.

Beam development 

a. During the beam development program very low energy light ions were accelerated and 
extracted. Since light ion beam of this range cannot be accelerated in this K130 cyclotron in 
fundamental mode, hence these low energy beams were developed in higher harmonic mode of 

+operation. Singly charged helium i.e. He  beam of 3.33 MeV to 7.77 MeV has been developed 
+in third harmonic mode of operation. He  beam of 5.55 MeV and 7.77 MeV have been 

transported to target to perform an experiment in scattering chamber of channel#2. 

b. Proton beam of 2.0 MeV has also been developed in third harmonic mode of operation. Higher 
harmonic operation of proton beam has been performed for the first time in K130 cyclotron. 

c. There was a demand from the experimentalists of deuteron beam for performing experiments. 
Deuteron beam was not developed in this machine since middle of nineties. Recently, deuteron 
beam of 15 to 25 MeV has been developed and an experiment has also been carried out in 
channel#2 with 25 MeV deuteron beam.

Projectiles (available): Presently the following ions with beam energies are available from K130 
cyclotron for performing experiments.

User: The research work with the above beams has been performed by experimentalists of VECC, 
BRIT/VECC, AchD/BARC, RchD/BARC, TLD/VECC/BARC, Calicut University/ UGC-DAE-CSR 
Kolkata. 

Ions Energy (MeV)

Alpha 30 - 60

Proton 7.0 - 18

Deuteron 15 - 25 

He+ 3.33 - 7.77
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ACCELERATOR RESEARCH & DEVELOPMENT

Design & development of prototype high voltage 
power supply incorporating PSM technique with DSP 
based feedback control system for RF amplifiers

S. K. Thakur, Santwana K., A. De, Y. Kumar, A. Bera, V. K. Khare, 
T. P. Tiwari and S. Saha

he prototype high voltage power supply with Pulse Step Modulation (PSM) technique is 

designed and developed in house at HVPS section, VECC. Based on this novel technique, a 

high voltage power supply of rating -40kV/5A is designed for IOT based RF amplifier. RF 

amplifier such as Klystron, Magnetron, Inductive Output Tube (IOT), Vacuum Tubes require power 

supplies with special features such as modular design, high output voltage, high output power, low 

amount of stored energy, crowbar less operation due to faster turn ON & OFF, improved accuracy, high 

efficiency etc. The high voltage power supply incorporating PSM technique will have all the above 

advantages. In this scheme, several switching power modules are connected in series through 

freewheeling diodes. Each power module is switched in phase shifted from others and the total output 

voltage is obtained by modulating their delay in ON time of gate pulse and duty cycle resulting in 

higher ripple frequency and lower ripple voltage at output stage. 

T

Fig. 1: Schematic of one module of power supply.

2.2
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A prototype HV power 
supply  i s  des igned ,  
developed and tested at 
resistive load at output 
rating at -2.4kV/2 Amp 
with DSP based digital 
controller with 4 modules. 
A digital controller is 
d e s i g n e d  a n d  
implemented using Texas 
Instrument's floating point 
DSP TMS320F28335 for 
output voltage regulation 
of this power supply and 
also for generating shifted 
switching pulses for each 
module.

System description 

The prototype power 
supply consists of multi 
secondary transformer, 
four switching modules, 
the DSP controller, optical 
fibers for logic signals, 
v o l t a g e  f e e d b a c k  
measurement circuit. The 
modules are fed by a 
transformer with four 
secondary windings and 
the insulation levels 
between the secondaries 
are 5kV. 

Each module consists of a 
diode rectifier bridge, a 
capacitor bank, an IGBT 
switch and a freewheeling 
diode. The schematic 

layout of one module is shown in Fig.1. The AC voltage is rectified by three phase rectifier. The 
pulsating DC voltage is filtered by the electrolytic capacitor bank. For electronic switch elements with 
high voltage and frequency upto 20 kHz IGBT can be used as it also offer high reliability, fast switching 
with low losses. The optimum choice in this application is one module with single IGBT G4PH50UD 
of rating 1200V/24A. The output DC voltage of each module is 600V rated at 2A.

Simulation results

Simulation of the power modules with phase shifted PWM along with output filter is done in  
MATLAB. The simulink model of power converter based on PSM control algorithm without filter is 

Fig. 2: (a) Simulink model of the power converter,
                (b) output voltage without filter.

(a)

(b)

PROGRESS REPORT 2013
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shown in Fig. 2 (a). For 
simulation input voltage of 
each module is 750V and 
switching frequency 5kHz.  
We have ripple voltage of 
magnitude equal to one 
module input voltage as 
shown in Fig. 2 (b).

Test results

S h i f t e d  g a t e  p u l s e s  
generated by in built PWM 
module of DSP and output 
waveform without filter is 
shown in Fig. 3. Each 
module has switching 
frequency of 5 kHz, duty 
ratio is 80% and delay is 50 

µs. 

The PI  control ler  i s  
implemented on DSP for 
t h e  o u t p u t  v o l t a g e  
regulation of the power 
supply. Input voltage of 
power supply was varied 
±10%, while keeping the 
load resistance fixed line 
regulation is calculated 
0 . 5 % .  D u t y  c y c l e  
a d j u s t m e n t  b y  t h e  
controller, for keeping constant output voltage due to change in input voltage is shown in Fig. 4.  For 
load regulation, load resistance was reduced to 50% and keeping input voltage constant. It was 
calculated and found better than 0.5%.   

Fig. 4: Change in output voltage with the variation in input voltage. 
Ch1: Duty Cycle, Ch2: reference voltage, Ch4:  final output voltage.

Fig. 3: Shifted gate pulse for each module from DSP and Output voltage without filter.

ACCELERATOR RESEARCH & DEVELOPMENT
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Bidhan Ch Mandal, S C Sarkar, D Adak, M Chand, A Chakraborty, 
B Hemram and P Xaxa

Mechanical Engineering Section

odification of interface 
sealing of Resonator tank, 
replacement of old, degraded  

cooling tube  brazed to the Dee stem skin 
towards LCW header, modification 
cooling tube fittings at the Dee stem skin 
assembly end (air-water-vacuum 
interface zone), development of Ga 
irradiation target chamber (SS crucible 
based), fabrication of Still & radiation 
shield for dilution refrigerator had been  
carried out.

No air leakage through interface 

s e a l i n g  w a s  o b s e r v e d  s i n c e  

replacement of Corner post with H seal 

(see fig 1) at the RT –DT of RF system 

at K-130 Cyclotron.

Modification of coupling 

fittings of Dee Stem 

assembly towards cart 

assembly: 

LCW supply to the various 

components of Dee stem 

assembly are mounted with 

coupling fittings at 8 nos. 

of loops for air-water-

vacuum interface. They 

need to be de-brazed/ 

Improvement in RF (Mechanical) system of K-130 
Cyclotron

M

Fig.1: Replaced “H” seal and “O” ring on new corner posts. 

Fig.2: Modified coupling fittings in LCW loop to Dee Stem Assembly of K-130 Cyclotron. 

PROGRESS REPORT 2013
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brazed during removal/reassembly of Dee stem. Moreover the crucial optical alignment of Dee stem is 

bound without water in the LCW loops since vacuum interface need to be monitored before final 

brazing. On modifying these coupling fittings from brazing model to thread and “O” ring sealing model 

(see fig 2 &3), those removal/reassembly or optical alignment jobs are made very user

friendly at any time. These newly developed joints are running trouble free since last one year in the 

actual system.

Fig.3: Modified coupling fittings in LCW loop to Dee Stem Fig.4: Charred Dee stem rear hinge contact bar.
Assembly—during test condition.

Rectification of cooling loop of Dee Stem assembly towards cart assembly 

LCW supply to the upper Dee stem skin assembly was prone to water leakage into the main vacuum 

chamber frequently. This was because of undercut defects in TIG brazed cooling tube on Cu base 

sheets.  The age old tubes were replaced with new Cu tubes  (see fig 4) by means of gas brazing in place 

of TIG. The entire system was qualified for hydro-static pressure as well as He leak test through MSLD. 

The assembly is running smoothly. 

The beam hours target for this year was achieved through regular monitoring and necessary 

rectification of the RF resonator system

ACCELERATOR RESEARCH & DEVELOPMENT
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Development of irradiation (Ga) chamber by proton 
beam from K-130 cyclotron

1Bidhan Ch Mandal, Chinmay Nandi and  M K Das
1 BRIT

a irradiation by proton 

beam ( ~5µA x 17 

MeV)  at  K-130 

Cyclotron was done in SS 

crucible set up ( See fig. 1). The 

heat load analyzed in SRIM was 

given as input in the irradiation 

setup to carry out thermal 

ana ly s i s  i n  ANSYS fo r  

temperature distribution and 

subsequent structural analysis. 

The sealing of upstream beam 

was carried through Viton “O” 

ring and forced convective 

cooling was ensured by 1/4” 

hose connection for LCW. 

Macor was used as insulator for 

Current measurement.

Beam aperture was restricted to 

10 mm dia. Upstream beam-line 

flange was made of Al alloy. 

Both SS crucible and LCW 

header was made of SS-304.

The irradiation result was 

s a t i s f a c t o r y  a l t h o u g h  a  

comparably high radiation was 

there because of SS crucible. 

This highlighted the further 

irradiation in Nb type crucible 

for radiation compatibility.

G

Fig. 1: Ga Irradiation in SS Crucible.

Fig. 2: Typical temperature(C) distribution in “O” ring plane of  SS Crucible
for Ga irradiation set up.

PROGRESS REPORT 2013
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Optics of axial injection line magnets of K-130 
cyclotron

S. Paul, P.S. Chakraborty, A. Dutta, Md. Z. A. Naser, B. Shoor, 
C. Nandi, M.K. Dey and A. Chakrabarti

he K-130 variable energy cyclotron is presently accelerating alpha, proton and deuteron beams 
using an internal PIG ion source, for nuclear physics experiments, radiochemistry and radiation 
damage studies, and as primary source of beams for RIB facility. It has been decided to re-

commission the axial injection system so as to facilitate the users to perform experiments utilizing 
heavy ion beams. Accordingly, a new injection beam line optics have been worked out and design of 
new injection line components are underway.

The injection line has been designed for ECR extraction voltage 15 kV, Q/A ratio 0.25, and beam 
emittance 200 π mm-mrad in both transverse planes. The schematic diagram is shown below. The 
analysing magnet (AM) and vertical bending magnet (BM) have 40 cm bending radius and 30.2 degree 
pole face rotation angle. Seven solenoids (SOL1 to SOL7) are identical and have 364 mm effective 
length. The other two solenoids SOL8 and SOL9 have smaller effective length and are required for 
beam confinement in the axial hole of the cyclotron, where the beam sees the cyclotron self field.

T

ACCELERATOR RESEARCH & DEVELOPMENT
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Design of injection beam line magnets for K-130 

cyclotron

Md. Zamal A. Naser, S. Paul, Chiranjib Das, U. Bhunia, C. Nandi 
and M. K. Dey

n injection beam line based on ECR ion source is proposed to design and install to be used for 
K 130 Cyclotron. There 
are two dipole magnets 

and nine number of solenoid 
magnets in the whole injection 
beam-line. These magnets are 
designed and under fabrication 
process. Some details of design are 
reported here.

Dipole Magnets: After producing 
different charge state of an ion 
species in ECRIS it is passed 
through the 900 analyzing magnet 
to select the desired charged state 
for further transportation and 
acceleration in the Cyclotron. A 
900 vertical bending magnet is 
used to bend the ion beam 
vertically downward to match with 
the vertical section of the injection 
line. Both the dipole magnets are 
designed in 2D POISSON and 3D 
ANSYS software. The pole 
geometry was optimized to get the 

-4desired field uniformity of 7x 10  
within a rectangular area of ± (40 
mm × 20 mm). The pole gap was 
considered as 80 mm.  The contour 
plots of the field at the pole faces 
were drawn from the calculated 
field data to confirm the pole face 
rotation.

Solenoid magnets:  There are three 

types of solenoid magnets in the 

proposed injection beam line 

having different effective length 

and focal length. These are 

designed to focus the beam at 

A

Fig. 2: Field contour plot showing pole face rotation. Scale is in cm.

Fig. 1: ANSYS 3D model with field density of dipole magnet.    

PROGRESS REPORT 2013
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different location depending on their position. The first type of solenoid (7 nos.) is longest and has 

effective length of 364 mm. The second type of solenoid having 210 mm effective length is designed to 

place before the buncher. Third kind will be located inside the yoke of the cyclotron magnet. All these 

magnets are designed by using 2D POISON code. Effective length, focal length, field distribution and 

cooling circuit of pancakes made of copper conductor have been carried out to match the desired values 

calculated from beam optics.

Table 1: Design parameter of dipole magnet

VECR Q/A Beam Bending Bending Physical Magnet NI
(Max.) rigidity radius angle angle type (A-turn) Current

15 kV 0.25 0.34 kG-m 40 cm 900 810 H 2760 115 A

M. H. Rashid

owerful rare earth permanent magnets (PM) NdFeB are commercially available [1] for various 
applications. Small laboratories in universities or elsewhere do not have elaborate technical 
facilities like electrical system, cooling system etc. to run big machines for research and 

experiments. Application of PM proves to be a boon in such case as it does not require any power supply 
or cooling arrangement. As ion sources are very important experimental and research tool, we describe 
construction of a Halbach type [2] sextupole using powerful permanent magnet for radial confinement 
of plasma particles in an ECR ion source [3]. Higher the sextupole field on the chamber surface more 
radial confinement is achieved through mirror reflection. The PM with trade name N48H has high 
remnant field, B =13.7 kG and coercivity, H =16 kOe and energy product = 45 MGOe. It can work at r c

otemperature ≤120  C satisfactorily. Further improvement in field is found by using iron strips, unlike 

earlier technique [4], at the six positions of the exact poles of the sextupole along the length as the 
saturation magnetisation value is ~22.6 kG of the 1010 magnetic steel. This is one of the innovative 
ideas proposed herein to improve the construction of advanced ECR ion sources in general and all-
permanent-magnet ECR ion sources in particular with as high as 24 GHz RF frequency (B =17.1 kG).wall

Field due to Halbach sextupole

We segment the magnet into M geometrically identical pieces with filling factor ε. Throughout each 

piece, the easy axis points in the same direction, but that direction advances (in the x-y coordinate 

system) by 2π(N+l) /M from one piece to the next and the easy axis advances by 2πN/M from one piece 

to the next. The sextupole (N=3) field at r  whose inner and outer radii are given by r and r respectively, 0 1 2 

is given by:

(1)

Improvement in magnetic field of permanent magnet 

sextupoles using iron pieces at poles

P

( )( )
1 1

0 1
0

1 2

sin /3
( ) 1 cos /

2 /

N N

N
r

N Mr r
B r B M

r r N M

επ
επ

π

− −
  

= −    
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New technique for sextupole improvement

The magnetic field is simulated using 2D code POISSON [5] for a sextupole having inner and outer 

radii, r  and r  respectively. The inner surface of the plasma chamber is at radius r. The radii r , r  and r  1 2 0 0 1 2

are taken to be 3.2, 3.6 and 

13.0 cm respectively. 

There are 24 (=M) of PM 

segmented pieces. Only 

1/6 part is sufficient to be 

taken in the simulation 

because  o f  s i x - fo ld  

geometrical symmetry. 

The field was computed 

when all the pieces 1-5 in 

Fig. 1 are PM of discussed 

properties. The inner parts 

of the pieces 1/1i and 5/5i 

at the poles are replaced by 

iron pieces and field was 

calculated again. The 

magnetic lines of forces 

and the field vectors are 

shown in the figure. The 

evaluated magnetic field 

on the dark black arc at r0 

is plotted in Fig. 2. It is 

found that 17.1 kG average 

f i e l d  i s  o b t a i n e d ,  

corresponding to 24 GHz 

RF frequency, which is 

more by ~1.65 kG than the 

field obtained using PM 

pieces only. There is a 

significant improvement 

in the sextupole field on 

the chamber surface. The 

technique is proposed for 

the first time and has never 

b e e n  e x p l o i t e d  i n  

designing advanced ECR 

ion sources. It is also 

remarkable that the field 

improves by increasing the 

outer radius, that is, the 

material volume.   

Fig. 1: The 1/6 part of the sextupole due to symmetry consist of 24/6 strips of PM 
segments. Magnetisation in a strip of the sextupole is rotated by 60 deg. with respect to 
the magnetization in the adjoining strips respectively. The dark black arc shows the 
plasma chamber surface at 3.2 cm radius. At the segments 1/1i and 5/5i the PM's are 
replaced by iron pieces.

Fig. 2: The plot of absolute magnetic field at r=3.2 cm radius when only PM's were used 0

in the sextupole or six iron pieces replaced the PM's at the position of six poles. The 
lowest curves shows the difference in the field when PM and iron pieces are used at the 
poles. 
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Conclusions

The object of this work was to improve the magnetic field of the sextupole structure provided by PM's 
and iron pieces. It was found that iron pieces at the position of poles make it possible to improve the 
magnetic field by approximately 9.7% if a typical thickness of the plasma chamber wall is used ~4 mm. 
For example, at 24 GHz (B =8.55 kG) the radial mirror ratio (B /B ) would improve to 2. In ECR wall ECR

addition, simulations show that the value of pole field with iron pieces included in the Halbach structure 
is ~9.7% greater than with a typical Halbach structure of powerful PM's if the distance between the 
magnets and the plasma chamber inner wall is small.
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Subrata Chattopadhyay, Pulak K Dhara and Sushil K Bera

he Ion Source and its Puller positions play an important role in defining the beam starting 
conditions for the VEC Room Temperature Cyclotron. Depending upon the energy and ion 
species, ion-source is moved radially, azimuthally and axially. Ion puller can be moved 

Modernization of the position control system for the 
room temperature cyclotron

T

Fig. 1: Ion Source Drive System & Its New Control Panel.

ACCELERATOR RESEARCH & DEVELOPMENT
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left/right and in/out. The beam intensity measuring probes are also moved to measure beam currents at 
different radii. To precisely control and monitor these parameters the position control system must 
perform reliably. A Programmable Logic Controller based system is developed and installed replacing 
the age old system. Ladder program is used as the software platform to develop the control logic with 
necessary time delays in the drive system. The hardware is based on M340 automation platform having 
processors with integrated serial link and ethernet TCP/IP port together with a 32 channel isolated 
digital input module and a 32 channel protected digital output module. The front-end of the user 
interface of the whole system is kept unaltered in the operating console.

Altogether there are seven parameters to drive. The movement of the ion source is realized using two 
rotatable discs of 5 & 8 inch diameters. The bigger disc is concentric with the machine axis whereas the 
smaller disc is not. The ion source shaft is inserted through an eccentric bore in the smaller disc. By 
rotating both the plugs simultaneously in the opposite directions, radial movement is obtained.  To 
move the source around the centre of the magnet pole, the bigger disc only is rotated. To restrict these 
rotations to avoid collisions, limits are used. All the position information are displayed in the control 
console through this new system and new potential dividers were developed to accurately display 
position readings along with their respective reference voltages. The program was developed 
considering the limits of movements. As the drive motors can have both forward and reverse 
movements, time delays were incorporated for these opposite drives.

Fig. 2: Scheme of the New Position Control System.

The new system is capable of communicating with a PC, therefore in the event of any fault in the drive 
logic or its interlocking, the system can be conveniently monitored and suitable corrective action can be 
taken. As the system goes to standby mode after a predefined period of inactivity, the failure rate of the 
power handling relays will be largely reduced. As testing is the most important part of any such 
development, the system was thoroughly as well as routinely tested in the lab before commissioning. 
The system is now installed in the control room and coupled with the field equipments of the cyclotron 
for regular operation.
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 [1] J.M. Haughian, R.J. Burleigh “The ion-source mechanism for the Berkeley 88-inch cyclotron”, Nuclear Instruments 
and Methods, Volumes 18–19, 1962.
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Renovation and overhauling of reverse osmosis 

pretreatment unit

Joydeep Misra, S. N. Das and R. Karmakar

everse osmosis (RO) system along with mixed bed unit is being used to produce low 

conductivity water below 1 µS/cm from the raw water supplied by Bidhannagar municipality 

with conductivity around 600µS/cm. The performance and successful operation of an RO 

system depends directly on the quality of water feeding to RO membranes.  Proper pretreatment of RO 

feed water plays an important role to ensure a reliable and satisfactory performance of an RO system. 

The feed water depending on its 

sources ,  con ta in  va r ious  

concentrations of suspended 

solids and dissolved matter such 

as soluble iron, carbonates etc. 

Suspended solids also consist of 

inorganic particles, colloids and 

biological debris such as 

microorganisms and algae. 

Pretreatment unit (Fig-1) is 

designed to minimize membrane 

fouling, scaling and degradation 

of membrane performance. At 

present a combination of 

mechanical  and chemical  

pretreatment system  is being 

used to reduce turbidity,  

suspended solids, SDI, bacterial 

and soluble iron present in RO 

feed water. Recently a slow 

decline in performance of the RO 

membranes was observed  which 

cannot  be  recovered  only  by  

chemical  cleaning of  the 

membranes. To resolve the 

problems the pretreatment unit 

has been  renovated with  

replacing  the exhausted filtering 

R

Fig. 1: RO Pretreatment Unit. 
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media  of  Multimedia Filter  and  

Activated carbon filters including 

MnO2 of Oxidation chamber.                                                       

An ORP (Oxidation-Reduction 

P o t e n t i a l )  m e t e r  i s  a l s o  

introduced for online controlling 

the dose limit of different 

chemical injections and to 

observe the performance of the 

pretreatment unit. After the 

renovation work the pretreatment 

unit providing better quality feed 

water to RO membranes which is 

verified by measuring the 

presence of dissolved iron in

RO  feed  water  using 

spectrophotometer (Fig-2).  

Sumantra Bhattacharya, Chinmay Nandi and Gautam Pal

lectrostatic deflector of K130 

cyclotron becomes radioactive 

due to irradiation of high 

energy beam accelerated in the 

cyclotron. The septum is the most 

radioactive part of the deflector. During 

maintenance of the cyclotron, the 

septum is needed to be removed from 

the deflector assembly and kept in the 

hot store to reduce the radiation dose of 

people working in that area. The job of 

handling the septum, however, leads to 

high radiation exposure of the 

personnel handling the septum. A 

remote handling device has been 

designed and developed for handling 

Design and development of remote handling device 

for high voltage deflector of RTC

E

Fig. 2: Spectrophotometer.

Fig.1: Septum removal using Septum Handling Device.
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the septum (Fig. 1 and 2). The device is a manually operated spring loaded robotic arm which can be 

operated from a distance of approximately one meter to take out and insert the septum in deflector 

assembly by one person very quickly. The device has been designed in such a way that the head goes 

inside the gap between the two 

graphite plates of the septum and holds 

the assembly like a clamp. One hole of 

10 mm has been drilled in the top 

graphite plate. The gap between the 

two graphite plates is 21 mm. The 

septum handling device has two 

aluminum plates of 20 mm width 

which goes into that 21 mm gap 

between the graphite plates and lift the 

whole assembly. One spring loaded SS 

304 plate, which has a pin of 10 mm 

diameter, goes inside the hole drilled in 

the top graphite plates to ensure the 

proper holding of the septum assembly 

during movement. The spring loaded 

plate is being operated by a lever 

placed at the handle of the device. The 

combination of the aluminum plates and the SS 304 plate acts like a jaw, which clamps the septum 

assembly from inside. Under normal condition the width of the jaw is more than 21 mm, which can't be 

placed inside the graphite plates. By acting the lever, the spring loaded SS 304 plate moves inside the 

aluminum plates and the jaw can be moved inside of graphite plates. After putting the jaw inside the 

graphite plates, the lever is released and the spring loaded SS plate moves towards its original position 

and clamps the plates from inside. The pin provided at the top of the plate moves inside the drilled hole 

provided in the graphite plates to ensure the proper clamping. 

                                                                

Fig.2: Head of Septum Handling Device. 





CO
M

P
U

TER
 A

N
D

 IN
FO

R
M

ATICS

DAQ software and hardware development activities

Partha Dhara, Pranab Singha Roy, Abhishek Singh, Ram Kumar 
Paul, Pintu Maity and Amitava Roy 

he Data Acquisition and Development Section have carried out the activities related to the 
design and development of the heterogeneous data acquisition system. The study and design of 
the time stamping protocol has been carried out. The work on fabrication of the 16 channels 

Digital Pulse Processing boards is going on. Various DAQ software utilities are being designed for 
users.

CAMAC & VME simultaneous access 

The DAQ software has been modified to integrate CAMAC and VME system using common dead time 

mode. It is an alternative way of accessing heterogeneous DAQ hardware with common trigger signal. 

The trigger is synchronized with the in-house developed synchronizer module. The software has been 

upgraded to access both the crates in consecutive read-out calls, and the global event is constructed 

from these data. The system is useful for slow count rate, where modules are used both in VME and in 

CAMAC form factor. The development work is still going on to add more features and checks to ensure 

correct configuration of the system. The system will be released soon.

Offline conversion of list mode data into ROOT files

ROOT data analysis framework is used by the users to analyse the experimental data. The data software 

stores the list mode data in binary files with custom formats. A utility application has been developed 

which reads the list mode data files and stores the data in root files as TTree structure. The file can now 

be easily browsed using TBrowser class. The software uses text based configuration file to define the 

number of channels and the list of data files. The channel map file is used to specify the channels to be 

stored in root tree structure. The utility can also generates and stores histograms. The utility has been 

released for further testing by the users. 

Accessing gigabit sampling ADCs

The V1729 VME sampling ADC module from M/s CAEN has been used to sample the preamp signal at 

one GSPS or two GSPS sampling rate. An application program has been developed to access the VME 

module using SIS3100 VME controller. The module stores 2560 sample point with 12-bit resolution 

for each one of the four input channels. The module uses a threshold crossing as time trigger. The 

application reads the module in block mode and stores the data in binary files. 

Study and design of the timestamp module

The various time stamping schemes for nuclear physics data acquisition system have been studied. It 

has been decided to use a 48-bit counter, operated at 100 MHz (10ns resolution) clock as the timestamp 

source. The counter will be initialised only once at the start of the experiment and it can be used 

throughout the experiment. The roll over time of the counter is 32 days, so a single run of an experiment 

can continue for 32 days before resetting.

T

128
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The master module generates the timestamp as a standalone module with 48-bit free running counter at 
100 MHz and the timestamp is latched on the rising edge of the request signal from slave. Then the 
timestamp is despatched to the requesting slave. Currently, a two-wire communication system (see 
Figure 1) has been tested on Xilinx's Virtex 4 and Virtex 5 FPGA evaluation boards. Each DAQ system 
will have a slave module, which will receive timestamp for each valid trigger, and the data is then 
integrated with the events. Timestamp data is transmitted serially to the slave board using 5MHz 
transmission frequency. The data format is Start bit + 48 bit Transmission Data+ 16 bit CRC. 

The FPGA program has been designed, simulated and implemented on the above boards to measure the 
time response and performance. The procurement of boards is going on to test the communication 
protocol on gigabit optical links.  

Fig. 1: Prototype timestamp distribution on two-wire serial communication line.

Pranab Singha Roy, Partha Dhara and Amitava Roy

his work is in continuation with the earlier work mentioned as “Software development activities 
for heterogeneous data acquisition system” in the Progress Report 2012. The VME/CAMAC 

Parallel global event reconstruction algorithm, a step 
towards parallelization of heterogeneous DAQ 
software

T
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events generated from different detector systems are marked with the increasing order of unique 
timestamp values and are stored as offline list files, which may be in the range of megabytes or 
gigabytes. For processing and the associated computation on merging these large gigantic data files to a 
single sorted offline global file, a need for a powerful algorithmic technique arises. Parallelism is 
considered as a practical solution to solve such a large workload.

 The following steps are performed to generate a single sorted merged sequence from “k” number of 
lazy sequences yielded for the “k” number of simulated external list files:

Step-1: Extract the range between which timestamp values varies by computing the global minimum 
and maximum timestamp values from all the smallest and largest timestamp values of the sorted 
sequences.

 Execute the following steps in parallel

 Step-2: Calculate the global splitters for all the sorted sequences by dividing the timestamp range from 

Step-1 with numbers of processor cores (or threads).

Step-3: Sub sequences from all the sorted sequences are extracted or filtered between the minimum and 

maximum timestamps values calculated from the timestamp values at the respective global splitter for 

the particular thread id.

Step-4: The merging function for external K-way multiple sequences using Min-Heap are applied on 

all the sub sequences generated from Step-3.

 End of Parallel Region

Step-5: All the resultant sorted sub sequences extracted out of the above parallel section are 

concatenated sequentially into a single sorted merged sequence.

The functional programming constructs with the parallel computing techniques offered by the F# 

language fits nicely with the above algorithmic specification.

Fig. 1: Parallel merging of events data from k number of input list files.

Figure 1 shows the process of parallel merging out of "k" sequences sorted by timestamp values of 

every event. The process begins by the partitioning of "n" sub sequences from every "k" sequences. The 

number of partitions depends on the degree of parallelism to efficiently use the available cores of 

computer. Each tasks generate sub sequences on the splitter values at the assigned timestamp t , t ... t  1 2 n

based on the processor's core 1, 2...n. Each of these "n" parallel tasks then merges its own generated sub 
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sequences from every "k" sequences. After every task finishes merging locally, the final global 

sequence is obtained by concatenating their result serially.

 An average performance speedup of 1.4 is observed from the parallel merge of 1.5 MB and 2.18 MB of 
simulated binary list files on a Core 2 duo desktop machine which can be scaled to different modern 
multi-core workstation automatically. The initial results suggest that the above proposed strategy is 
able to improve the speed up performance for large offline list files.

Kaushik Datta, Gaurav Saxena, Dibyendu Koley, Rakesh Kumar 
Keshri and Debranjan Sarkar

he main website of VECC alongwith the websites of Computer & Informatics Group  and 
Scientific Information Resources Facility (Library) of VECC have been redesigned and 
developed as per the Guidelines for Indian Government Websites (GIGW), following the 

direction received from the Department. These websites have been developed through National 
Informatics Centre (NIC), India to ensure full compliance with GIGW which has been mandatory for 
any website of Government of India. All the websites have been developed using "cakePHP" 
framework on open source 
LAMP (L inux-Apache-
MySQL-PHP) architecture. 
The websites are based on 
Content Management System 
(CMS) so that the content of 
its pages can easily be 
managed by the administrator 
o f  t h e  s i t e  f r o m  t h e  
administration panel. Various 
modules have been developed 
to manage different categories 
o f  i n f o r m a t i o n  l i k e  
N o t i f i c a t i o n s ,  E v e n t s ,  
Advertisements, RTI etc. A 
h i e r a r c h i c a l  m o d e l  o f  
administration has been 
followed in managing the 
website. There is a super 
administrator who has access 
to manage all modules and has 

Redesign and development of VECC website as per 

Guidelines for Indian Government Websites (GIGW)

T

Fig. 1: Website of VECC.
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authority to create individual 
administrator for each 
module who, in turn, can 
independently manage its 
own respective module. 
Developmental work of these 
websi tes ,  fol lowed by 
exhaustive functional testing, 
has been completed. The 
developed websites have 
been audited for security and 
compliance of GIGW and 
n e c e s s a r y  c l e a r a n c e  
cer t i f icates  have been 
o b t a i n e d .  N o w,  t h e s e  
websites are ready to be 
deployed at VECC and 
published outside.

     

Kaushik Datta, Rakesh Kumar Keshri, Subhabrata Majumdar, 
Vineet Kumar Rakesh, Monirul Purkait and Debranjan Sarkar

n “RFID-based Automatic Key Management System” has been conceptualised, designed and 
developed at prototype scale which allows or restricts, depending upon the authorization, the 
employees of an organization 

to access the room keys by using their 
RFID based identity card issued by the 
organization. This system consists of i) 
One RFID card reader ii) One touch-
screen based panel PC for GUI, 
operation and data logging iii) 
Microcontroller based interface boards 
with relay module and iv) Key cabinet 
with multiple key slots with locking 
arrangements. 

Development of RFID-based automatic key 

management system

A

Fig. 2: Website of Computer &  Informatics  Group, VECC.

Fig. 1: Block Diagram of RFID based Automatic Key Management
System.
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RFID reader, which is a PHILIPS 

MIFARE based (ISO 14443-A 

standard) contactless smart card reader, 

reads the personal information from the 

identity card of the user and sends them 

to the PC for checking authorization 

referring to backend database 

maintained in the PC. If the user is 

authorized, the PC sends commands 

through the interface board for 

unlocking the key slot. The particular 

key slot of key cabinet is then unlocked 

to allow the user to access the key. Each 

key, fitted with smart key-tag, is 

automatically sensed by the system and 

its availability is displayed on the touch panel based graphical user interface. All the key transactions 

(successful or unsuccessful) are logged instantly and key transaction report can be generated as per 

requirement. Password authenticated system administration facility is also provided.

A prototype of this system has been developed as a proof of concept. For reengineering and further 
upgradation of this system to transform it into an industry-grade usable product, an MoU has been 
signed with Webel Mediatronics Limited, Kolkata which is a Public Sector Undertaking of Govt. of 
West Bengal.

1Biswajit Sarkar, Prabir K. Pal  and Debranjan Sarkar
1Division of Remote Handling & Robotics, BARC, Mumbai

 prerequisite for autonomous navigation of mobile robots is that a map of the environment in 

which to navigate is available with the robot. A map is a spatial model of the environment in 

which almost all objects of the environment find a representation. Since most modern robots 

are equipped with laser range finders, maps these days are almost always built from laser range data. 

Depending upon the application, the robot either builds the map while navigating and acquiring range 

data or builds it offline based on the range data already collected.

Continuing with our research initiated earlier, we have developed an offline method for building maps 

of indoor environments using line segments extracted from registered laser range data. Maps 

represented with line segments are more compact and scalable compared to other representations like 

Building maps of indoor environments for mobile 

robot navigation

A

Fig 2: Screenshot of User Interface showing the key status.
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occupancy grid. In our method, line segments are first extracted from each of the individual range 

scans. All such line segments are then subjected to two successive steps of density-based clustering to 

identify all line segments that represent the same physical object of the environment. The maps 

produced by our method using simulated data as well as real data collected by a Pioneer-3DX mobile 

robot have been found to be quite accurate. When the maps built by our method were compared with 

those produced by two other methods using public data available at “Radish: The Robotics Data Set 

Repository”, they were found to be more compact. A manuscript describing this method has been 

accepted for publication in the journal “Robotics and Autonomous Systems”.

Computer Division

ith a view to augmenting the infrastructure for high performance computation and mass 

storage of this Centre, blade servers and storage area network (SAN) systems have been 

procured and/or commissioned. One blade enclosure with 14 blade servers and SAN 

system with raw disk capacity of 72TB, procured earlier, was installed and commissioned. This system 

has 168 cores, 896 GB of aggregate memory and theoretical peak performance (TPP) of about 4 

TFLOPS. In addition, two blade enclosures, each populated with 16 blade servers have been procured, 

installed and commissioned. Each of the blade servers is equipped with dual processors, with each 

processor having 12 cores. In aggregate, the system has 32 nodes, 768 cores, 2 TB memory and TPP of 

about 7 TFLOPS. The first system has been named PRAFULLA – I and the second system 
thPRAFULLA – II to commemorate the 150  birth anniversary of Acharya Prafulla Chandra Ray, the 

celebrated scientist.

Somesh and Subash Chandra Jena

n order to facilitate printing, scanning and copying to the users, network devices have been 

installed in different buildings in the VECC campus. Users were required to share his/her 

computer with the network device to get scanned document in the share folder of the computer. 

However, as per the information security guidelines, this is not recommended. To provide the scanning 

document directly into the mailbox of the user, a Mail Transfer Agent (MTA) is configured on Linux 

server using Open Source Postfix Software. Antivirus & Antispam have been configured on MTA to 

Augmentation of the computation infrastructure

Scanning facility through mail

W

I
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fortify its security. To scan the document, user has to put his/her username and password. After getting 

authenticated, scanned document can be sent to the valid email users of VECC. The system has been 

running smoothly to the user satisfaction.

Fig. : Logical Connectivity Diagram of MTA with VECC mail server & scanner.

Computer Division

NUNET is an intra-DAE 
d e d i c a t e d  
communication facility 

for voice, video and data 
(including seismic data) and has 
been working round the clock 
since 23.07.2001 at VECC. 
Presently, the ANUNET system 
is housed at “Viswajog” Building 
which is by the side of the main 
road of Bidhan Nagar Township. 
For accurate seismic analysis, the 
sensors are required to be shifted 
to a place where background 
noise is within acceptable limit. 
In the year 2007, severe damage 
had been caused due to the falling 
of a roadside tree on the Outdoor 

ANUNET building

A

135

Fig. : Shri Sekhar Basu, Director, BARC, inaugurating the ANUNET Building. 
Accompanying him is Dr. D. K. Srivastava, Director, VECC.
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unit and the antenna. Also there is scarcity of space in the “Viswajog” building to house more 
equipments for up-gradation of the ANUNET System.

Keeping all these in mind, a ANUNET building was planned with larger working area. The (G+1) 
building has been inaugurated by Shri Sekhar Basu, Director, BARC, on the occasion of Foundation 
Day of VECC on June 16, 2013. The ANUNET System would be relocated soon to the new building.

Monirul Purkait 

 web-based facility for online submission of Immovable Property Return (IPR) has been 

developed. Using this facility, every Group-A gazetted officer of this Centre can fill in, view 

and submit his/her IPR online. In this facility, IPR forms for all Group-A gazetted officers of 
stthis Centre are automatically released by the system on the 1  January every year. Thereafter, officers 

can log into the system, fill in and submit their IPR. After submission, a PDF file of the filled in form is 

generated to facilitate getting of a hardcopy by the respective officer. The hardcopy of the filled in IPR 

is then signed by the officer and submitted in original to the Administration Section, where it is scanned 

by a barcode reader. An auto-generated e-mail is then sent to respective officer as an acknowledgement 

Development of online submission facility for 

Immovable Property Return (IPR)

A

Fig. 1: Portal of online facility for submission of Immovable Property Return.
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of receipt by Administration Section. This facility has been developed using an open source PHP 

framework Yii, using Model-View-Controller (MVC) architecture and Oracle 10g has been used as the 

back-end database. This facility has been released and successfully utilised by the Group-A gazetted 

officers for submission of IPR in 2013 for the calendar year 2012.

Monirul Purkait and Anindita Bhowmick

n VECC Library, LIBSYS is used as the Integrated Library Management Software (ILMS). As 

LIBSYS is proprietary software, there are several disadvantages associated with it. Recently, 

KOHA, a Free Open Source Software (FOSS), is used widely all over the world for its low cost, 

availability of many modules, compatibility to international library standards and finally the source 

code availability. The advantages associated with the use of FOSS make it desirable to supplant 

proprietary library management softwares with KOHA. However, to replace a full-fledged running 

proprietary software with KOHA is a big challenge. The following developments have been done to 

replace the existing library management software LIBSYS with open source KOHA. 

A. Installation, configuration and customisation of KOHA

The latest version of KOHA has been installed on a Linux server. It was then customised as per the 

needs of our library. All its modules have been tested thoroughly by the library staff members with 

dummy data.

B. Data migration from LIBSYS to KOHA

The configuration and customisation of the new software is done but as the new software will run with 

the data of the previous one, so data migration part is the crucial part. There are around 17,000 records 

of the library holdings, which are stored in LIBSYS. Apart from that, there are transaction data and 

patron details. To replace LIBSYS, it is imperative to migrate all these data to KOHA. But, the problem 

is the proprietary nature of the LIBSYS software. Also, In LIBSYS software, Oracle is used as the 

backend database whereas in KOHA, the backend database is MySQL.  It is very difficult to retrieve 

data from the database directly. The data export facility of the software is also disabled by the vendors. 

Finally, by using the report generation module, bibliographic data has been generated in text format. To 

extract data of each field a java program has been written. The extracted data are then prepared as per 

the MARC21 format by using another open source software MarcEdit. This file is then imported to 

KOHA by using its import facility. The data consistency has been checked.

C. Development of middleware software for the integration of RFID hardware

VECC library is an automated library which means library users can themselves issue/return their 

books through shelf check in /out kiosk system. Stock verification of the library is done in a very short 

time. Electronic Article Surveillance (EAS) gate is there for theft protection. An RFID based hardware 

Library automation using KOHA

I
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is used to serve all these purposes. But in KOHA, there is no facility to support these RFID based 

hardwares. So a middleware software has been developed by using Visual Basic to integrate RFID 

hardware with KOHA.

Fig.: The OPAC portal of the installed KOHA library management system.

Vineet Kumar Rakesh and Asutosh Maiti

erver virtualization allows multiple operating systems (OS) to run on a single physical server, 

which acts as a number of virtual machines. Each of the OS has access to the computing 

resources of the server. Virtualization of server reduces the space and financial requirement.

The heart of virtualization is the “virtual machine” (VM), a tightly isolated software container with an 

operating system and application inside. Because each virtual machine is totally separate and 

independent, many of them can run simultaneously on a single computer. A thin layer of software called 

a “hypervisor” decouples the virtual machines from the host and dynamically allocates computing 

resources to each virtual machine as needed.

Server virtualization using VMWARE

S
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So long, we have been using tower servers like IBM x-series 225,226,232,236 for each of the 
applications as shown in fig-1. The disadvantage of this architecture is huge power consumption, 
sophisticated cooling arrangement, high cost because of requirement of n numbers of physical servers 
for n numbers of applications. This architecture has, recently, been replaced by virtual architecture as 
shown in Fig. 2.

We have used two numbers of IBM HS-22 blade servers of bladecenter-S each with 48GB RAM and 
internal storage of 135GB, VMWARE ESXi5.1 OS is loaded on each server. Both the servers are 
configured in High Availability (HA) mode by VMWARE Hyperviser. This means if one server goes 
down then, on the fly, it will be taken care of by the other server. Three storages have been configured 
viz. VMDS, Datastore and VM_Storage of capacity 1.78 TB, 273.5 GB and 399.75 GB respectively. 
The virtual machines are created on VMDS of bladecenter-S.

1Vineet  Kumar Rakesh, S. Chatterjee
1TLD Unit, RPAD, BARC/VECC, Kolkata-700064

LD (Thermo Luminescent Dosimetry) Unit of Radiological Physics and Advisory Division 

(RPAD) of Bhabha Atomic Research Centre (BARC) at VECC, Kolkata processes TLD cards 

of all the DAE/DAE funded institutes of eastern region of India. An effort has been made to 

TLD database management system at TLD unit, VECC, 

Kolkata

T

Fig.1: Old Architecture. Fig.2: Virtual Architecture.
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make a safe, secure and easy-to-use data base system, which can take care of maintaining all the records 

of this unit. Taking into consideration the safety and security of data, ease of use by GUI, this data base 

management system has been developed using Oracle Developer 2000 as a frontend and Oracle 11g R2 

database as backend. This system does not record the dose received by the personnel as it is already 

taken care by National Occupational Dose Registry System (NODRS), which is being maintained by 

all the TLD Units in India. 

Some Important features of this package:

?It maintain TLD Card User Institution's list with all details like the institute is in billing category 
or not.

?Each institute have many members, the details of members are entered here with automatic card 
number allotment, here we can also mentioned that the type of TLD badge user i.e. CHEST(CH) 
or WRIST(WR).

? Other than members card, there is provision for the others card of the institution like BLANK, 
CONTROL and  TEMPORARY TLD cards. 

?Provision have been made for issue/Return of the card for institutions, The different type of 
institution on the basis of billing period like M-Monthly, Q- quarterly, Half yearly. From this 
form we can issue card to the user as well as other member, return the card, we can print wrapper 
of card and also we can print TLD 5 form. 

?The One-Click generated output for card wrapper printing Institution wise and covering note.

Madhusudan Dey and Santu Ghosh

 high speed multi channel data converter board is one of the important daughter boards to 
implement a robust and highly reliable Nuclear Pulse Processing (NPP) system. We already 
reported the design part of this board in the last progress report. We got four boards fabricated 

and assembled. The details of the 
tests and the development of 
firmware are elaborated in the 
following sections. The present 
work is all about the firmware 
development on a high ended 
FPGA to check the functionality 
of the digitizer board. This 
primary development will use this 

Development of DAQ firmware for testing and 
debugging of an in-house developed multi channel 
digitizer board

A

Fig.1: Design Block Diagram.
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board to constitute a multi channel 
NPP system. The fault tolerant 
features will be added then to 
enhance the reliability of it.

The data-flow as shown in Fig.1 
digitizes the input signals from the 
detector / detectors and the data 
are then processed and the 
processed data are sent to PC as a 
response to a command from 
application software. This is our 
data-flow architecture. The in-
house developed board is shown 
in Fig.2. It has got nine inputs and one output and the dimension is 8 cm X 14 cm. The connectors are 
“LEMO” connectors.

The Fig.3 elaborates the details of the firmware. The salient features of the board are highlighted. The 
system clock used in this design is 200MHz.   

?ADC @ 65 MSPS             

?Serial LVDS output

?Hard Deserializer

?DAC @ 175 MSPS

?ADC Input 2Vpp

?Power @ 700 mw

?FMC Compatible Plug-in

?ECL standard Strobe In 

?Eight ADC Inputs                                                

Fig.3: Firmware Architecture.

The boards are tested using a 

high ended FPGA board. The 

firmware is downloaded on 

FPGA. The setup used for 

testing the digitizers is shown in 

Fig.4. It is observed that ADC in 

two boards is faulty and DAC in 

one board is faulty. The Ethernet 

port is not enabled in this work. 

DAC output is observed on an 

oscilloscope. It is tested using 

signals from arbitrary waveform 

generator. The shapes of the 

signal chosen are shown in 

Table.1.

Fig.2: Multi channel DAQ Digitizer.

Fig.4: Test Setup.
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The result available in Table.1 shows that the 

developed firmware is working. Two boards are 

working satisfactorily. We are working on to repair 

the other two faulty boards. It is also observed that 

'Strobe In' signal was not connected to FPGA pin. 

We need to flip the FMC connector too. We are 

working on these modifications.

(Simulation and Implementation)

 #Madhusudan Dey, Santu Ghosh  and Mriganka Biswas
#Birla Institute of Technology, Mesra, Jharkhand-835215

e have targeted to design a digital pulse processing technique for our DAQ system. To have 

a better energy resolution in a gamma ray spectroscopy, an appropriate shaping of the 

nuclear pulses is necessary. The shaping improves two parameters namely the counting 

rate and signal to noise ratio (SNR). In our simulation study, we have used the Trapezoidal shaping 

algorithm. We assessed the suitability and parametric dependences of the algorithm on the shaped 

output in terms of these above two parameters. The energy resolution in the spectrum depends on these 

parameters. The shaping algorithms are implemented using field programmable gate array (FPGA) at 

100MHz clock with 100MSPS ADC. In multi channel analyzer (MCA) DAQ setup, FPGA based 
60 137shaper hardware is used to study the performance of the shaping algorithm using Co and Cs as 

gamma sources. 

Simulation work

The mathematical modelling of nuclear pulse similar to the actual signal profile is constructed in the 
simulated environment as in 
Fig.1. The corresponding outputs 
as shown in Fig.2 have been 
obtained. 'W', 'k' and 'l' are three 
parameters of the algorithm. The 
plot as shown in Fig.2 describes 
the output profile and its 
dependence on these parameters.

Implementation on FPGA

 The shaping algorithm is 
converted to  f ixed point  
algorithm and the code has been 

Real time digital pulse processor

W

Table 1. Test Result

Signal Type Peak Repetition DAC 
Amplitude Rate Output

Sine 1.2Vpp 2MHz 280mVpp

Square 1.2Vpp 1MHz 280mVpp

Exponential 640mVpp 390KHz 180mVpp

Triangular 1.2Vpp 1MHz 280mVpp

Fig.1: Simulated noisy nuclear pulse.
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generated in Hardware Descriptive 
Language (HDL) to form the 
Trapezoidal Shaper HDL code. A 
digital system is designed with it and 
the firmware is developed. The middle 
box marked with “INTERFACING 
LOGIC OF ADC & DAC” as shown in 
Fig.3 is the part of our development.

Experimental setup and result

The experiments have been carried out 
in two phases. The first phase uses 
Hardware-1 as shown in Fig.3 to 
evaluate the performance of the 
algorithmic pulse processor. The second phase is a traditional DAQ setup in which Hardware-1 is 
inserted as detailed in Fig.3 to evaluate the effect of shaping on energy resolution. This setup is called 
Hardware-2.

Fig.3: Real time pulse processing setup.

A. Hardware-1

The input signal is taken from an arbitrary waveform generator and the output of the pulse processor is 
observed in an oscilloscope deploying this hardware. The actual waveform taken from DAC output is 
shown in Fig.4.

B.    Hardware-2 

The traditional DAQ chain consists of an HPGe radiation detector (Model no PGC1216, DSG 
Germany), a spectroscopic amplifier, and a multi channel analyzer (MCA3, Fast Comtec). We have 
improvised this setup replacing the spectroscopic amplifier by Hardware-1 to evaluate its performance 

60 137on energy resolution using Co and Cs as the radiation source. The spectrum is shown in Fig.5. 

We are working on to complete the DAQ chain in this embedded platform with Ethernet connectivity to 

PC. The resolution obtained in the above spectrum is not up to the mark. This is due to one more 

digitization taken place at MCA. It is expected to have a better resolution on the next version of the 

embedded system.   

Fig.2: Trapezoidal shape.

Fig.4:Trapezoidal shaper output.

143
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replacing the spectroscopic amplifier 
by Hardware-1 to evaluate its 
performance on energy resolution 

60 137using Co and Cs as the radiation 
source. The spectrum is shown in 
Fig.5. 

We are working on to complete the 

DAQ chain in this embedded 

platform with Ethernet connectivity 

to PC. The resolution obtained in the 

above spectrum is not up to the mark. 

This is due to one more digitization 

taken place at MCA. It is expected to 

have a better resolution on the next 

version of the embedded system.   

Anindya Roy, R. B. Bhole, Partha Pratim Nandi, Sarbajit Pal

he vacuum system of Superconducting 

cyclotron (SCC), covering beam 

chamber, outer vacuum chamber (OVC), 

liner and three beam lines spread over basement, 

vault and caves of the SCC building, is comprised 

of more than 23 turbo molecular pumping 

modules. This system is used for creating and 
-7maintaining a vacuum level of 10  mbar inside the 

beam chamber, OVC and beam lines [1]. Each 

turbo pumping module of the system consists of a 

oil free dry scroll pump, a turbo molecular pump, 

three valve (foreline valve, roughing valve and 

isolation valve) and two vacuum gauges. An 

Ethernet enabled state-of-the-art distributed PLC 

based control system is designed for the 

automation of the vacuum system of SCC. 

However, during the first internal beam 

commissioning of SCC, an intermediate PC based 

PLC based vacuum control system of superconducting 

cyclotron

T

60 137Fig.5: The spectrum of Co and Cs using trapezoidal shaper.

Fig.1: Schematic diagram of the integrated system.

PROGRESS REPORT 2013



CO
M

P
U

TE
R

 A
N

D
 IN

FO
R

M
AT

IC
S

145

control system comprising of Advantech make control & data acquisition hardware was installed to 

cater immediate requirement of remote monitoring and control of the pumping modules for beam 

chamber, OVC and liner. A relay-based system was also installed for implementing vacuum dependent 

operational safety interlocks to various systems e.g. RF, Deflector, ECR ion source, Cryogenic system 

[1].

The PLC based system is comprised of three PLC nodes responsible for control and monitoring of the 

pumping modules at basement mezzanine, vault and caves. Schneider make Level-2 processor with 

appropriate analog and digital interface modules and a local control panel are chosen for each node. The 

MCC panels for the operation of pumps are designed as the integrated part of the individual nodes. The 

installation and commissioning of the system is decided to be done phase wise to utilize the shutdown 

periods of the machine without hindering its commissioning activity. During the second phase of 

magnetic field mapping, the installation and commissioning of the PLC node at basement mezzanine is 

taken-up. This node with I/O capacity shown in Table 1 is installed replacing the PC based system to 

enhance the operational reliability by incorporating detailed operational logic for individual field 

components. There are seven pumping modules comprising of 12 pumps, 19 valves and 17 vacuum 

gauges which are being monitored and controlled by the system. The vacuum dependent operational 

safety interlocks to various systems e.g. RF, Deflector, ECR ion source, Cryogenic system, Deflector 

power supply are also being provided by this system. This system also facilitates the user with 

flexibility to modulate the limits of the operational safety interlocks as per system requirements. The 

schematic of the integrated system is shown in Fig. 1. 

Fig. 2: The modified user interface of SCC Vacuum control system.
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The in-house developed existing EPICS based supervisory 
system is modified to accommodate the PLC with Modbus-TCP 
interface. An independent user interface for simultaneous online 
trending of the beam chamber vacuum level, RF voltage and 
phase is displayed in overhead monitor at control room for the 
ease of the cyclotron operators. The modified user interface of 
the system is shown in Fig. 2.      

Reference

[1] Anindya Roy et. Al. “Vacuum Control System of Superconducting Cyclotron”, VECC Progress Report 2009, p 121.

Anindya Roy, Tanushyam Bhattacharjee, Niraj Chaddha, R. B. 
Bhole, Partha Pratim Nandi, Sarbajit Pal and Amitava Roy

he detail measurement of field profile of the Superconducting Cyclotron magnet and 
subsequesnt correction of the field profile without trim-coils were completed in the year 2006. 
Since then a number of ion species were accelerated up to the extraction radius of the cyclotron, 

however, it could not be extracted successfully. A recent scintillator based beam phase measurement 
revealed a beam phase error in the outer radii which prompted the requirement of another magnetic 
field mapping (MFM) programme for this cyclotron.

The measurement system of MFM, as shown in Figure 1, is kept similar to that used in the year 2006. 
The absolute magnetic fields are measured for various excitations of main magnet at the centre of the 
magnet and at middle of the three pole pieces (maximum peak field of 5.8 T) with a NMR Gauss meter. 

A linearly moving search-
coil, connected to a DI, is 
u s e d  t o  m e a s u r e  t h e  
differential magnetic field 
between magnet centre and 
various radial positions.  The 
search-coil carrying-arm is 
then moved azimuthally to 
repeat the measurement 
along the radii. A complete 
360° scan thus generates a 
map of the median plane 
magnet ic  f ie ld  of  the  
cyclotron. The radial position 
o f  t h e  s e a r c h - c o i l  i s  
measured using a linear 

Magnetic field  mapping of  superconducting 

cyclotron

T

Table 1: I/O Capacity of PLC System

Sl No I/O Type Capacity (No)

1 Digital input 96

2 Digital output 64

3 Analog input 32

Fig. 1: MFM Measurement system schematic.
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optical encoder with a resolution of 70.5 micron. The angular position of the search-coil carrying-arm 
is determined by an 'Inductosyn' absolute rotary encoder (256/2 pole, 128/1 speed, 8.15 inch stator 
O.D.) with standard accuracy of 1.7 arc-secs.

Due to the presence of trim-coils and RF-components inside the cyclotron, the height of the search-coil 
carrying arm of the jig is reduced to 16 mm to fit into the gap between the pole pieces of the magnet. A 
search-coil of 4.4 mm height with 3,479 turns of 47 SWG wire is used for the measurement. The lesser 
number of turn in search coil reduces the inherent sensitivity of the measurement system significantly 
as compared to the earlier measurement. An in-house developed stepper motor based drive is used for 
azimuthal movement to meet the space limitation below the magnet. This modification implicates a 
resolution of 0.36 degree of azimuthal movement. An optical-encoder (rotary) based angle 
measurement instrument (resolution of 0.09°) is used in addition to rotary encoder to identify the angle 
measurement error introduced due to misalignment between stator and rotor coil of rotary encoder 
during the mapping process. In the present phase of mapping, a toothed belt driving mechanism is 
adopted for slip free radial movement of the search-coil. The radial movement of the search-coil is 
restricted to 26 inch to map the radial field both in forward and reverse scan for reproducibility check of 
the overall system. The jitter in radial movement due to friction is reduced by operating the smart motor 
i.e. dc servo motor in constant speed mode. In the present system, serial to Ethernet-TCP 
communication interface module is used to connect the measurement PC with instruments e.g. DI, 
azimuthal drive system etc. to reduce cabling complexity of the system. 

The control and data acquisition software of the previous MFM, consisting of a PC based measurement 
controller and a LabVIEW based Client GUI station connected through control LAN, is adopted with 
required modifications to minimise the development time. Several modules of the measurement 
controller software is changed to integrate the new hardware devices. A number of user selectable 
parameters e.g. radial movement speed, direction of data acquisition etc. are introduced for providing 
more elaborate measurement configuration. 

The second phase of MFM is comprised of two major activities i.e. calibration of the search-coil and 
digital integrator (DI) assembly and the field measurement. To meet the demands of very high 

4 measurement accuracy approximately in order of 1 gauss in 10 gauss, the calibration of the search-coil 
and DI assembly is carried out in an independent set-up prior to the actual measurement to identify the 
random and systematic error sources of the measurement system through a comprehensive analysis of 
the measured data. In the present method of measurement, there are three potential sources of errors e.g. 
error in the search-coil position due to the imperfections and quantization errors of linear optical 
encoder, non-identical direction of area vector of the search-coil during its movement from centre to 
periphery and the limitation in sampling rate of the DI measuring the relative field from the induced 

search-coil voltage. 

To understand the contribution of the 

individual error as mentioned above, an 

off-line field mapping experiment 

using a dipole magnet is carried out. 

The search-coil, used in the actual 

measurement set-up, is placed in the 

centre of the dipole magnet and flipped 

to 180? by a motor and data is registered 

with respect to a rotary encoder 

connected at the opposite pole of the Fig. 2: Reproducibility of radial scan.
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motor axis. As the change in the field is made similar to the actual measurement system, this experiment 

ensures identification of maximum possible error present in the measurement due to field gradient. The 

field profile, which was supposed to be a perfect sinusoid, is analysed and presence of many harmonics 

is observed in the distorted sinusoid. The rotary encoder and the nature of search-coil movement are 

identified as the potential sources of error. 

Although the position measured by the digital linear encoder does not provide correct information, but 

considering the grating of the scale used in the system, differential errors are expected to be within a 

few gauss. Efforts are also given to minimize the systematic errors due to search-coil movement by 

adjusting the mechanical and smart motor driving system. However, minimization of the random errors 

could not be performed. The reproducibility of the measurement system is confirmed to be within the 

acceptable limit as shown in Figure 2. 

To find out the calibration constant of the measurement system, the absolute fields are measured at the 
centre of three hills and at the centre of the cyclotron magnet by NMR. Three different sets of readings 
of the relative field around the actual NMR measurement point on each hill are registered using search-
coil and DI assembly. Three sets of calibration constants are obtained from the above data for 

-6comparison. The final calibration constant of the measurement system is found to be 1.70x10  
kG/Count. 

Extensive magnet ic  f ie ld 

mapping is carried out at 

different main coil excitations 

after calibration activity in three 

subsequent stages. After first 

stage of field Mapping, Fourier 

analysis of the processed data 

revealed presence of large first 

harmonic at 650 mm with peak 

value 45 Gauss. Average field at 

the central region was also found 

significantly less (about 200 

G a u s s )  r e l a t i v e  t o  t h e  

measurements taken in 2006 

during installation of the magnet. 

The first harmonic magnetic 

field at central region was found 

to be about 25 Gauss. At second 

stage, corrections of above 

deviations were done except the 

first harmonic at central region. 

Magnetic field was measured 

again to confirm the corrections. 

In extraction radius first  

harmonic was reduced below 10 

Gauss and at the same time 

gradient of second harmonic 

Fig. 3: Comparison of average magnetic field for grid 2, 1 (alpha=403.13 A, 
beta=340.62 A) among 2006-map, 2013-May (before central region correction) 
and 2013-Aug (after correction). 

Fig. 4: Comparison of 1st harmonic field amplitude among 2006-Feb, 2013-May 
(before central region correction) and 2013-Aug (after correction) for grid (2, 1) 
(alpha coil current-403.1 A and beta coil current-340.62 A).
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field amplitude increased in the extraction zone. At third stage, heights of large hill additions were 

adjusted to reduce the first harmonic and to increase the average field at central region. Final magnetic 

field measurements were done at this stage for all the excitations. At this stage contribution of the trim 

coil fields (13 number of trim coils) were also measured individually. The distribution of average field 
stand 1  harmonic field, from the centre to the extraction radius of the magnet before and after the 

corrections, are shown in Figure 3 & 4.   
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[1] Anindya Roy, Tanushyam Bhattacharjee, Niraj Chaddha, Rajendra B. Bhole, Partha Ptratim Nandi, Santosh Mishra, 
Chinmoy Nandi, Malay Kanti Dey, Sarbajit Pal, Gautam Pal and Amitava Roy, "Field Mapping of K=500 
Superconducting Cyclotron Magnet for Correction of Harmonics with Trim Coils", Indian Particle Accelerator 
Conference, Nov 19-22, 2013, VECC, Kolkata, InPAC-2013-ID-321.Roy et. Al. “Vacuum Control System of 
Superconducting Cyclotron”, VECC Progress Report 2009, p 121.

Niraj Chaddha, R. B. Bhole and Sarbajit Pal

he measurement of beam current in the order of nano to micro ampere from different devices is 
required for the diagnostics of cyclotrons. The various devices are faraday cup, X-Y slit and 
many new types of internal and external diagnostic probes. The number of current 

measurement channels is gradually increasing due to additions of diagnostic devices/stations. The 
development of a low current measurement module is taken up to meet such requirements. A prototype 
low current measurement board (fig. 1), using an amplifier IC of biasing current 1 pA, has been 
developed as an add-on module of the existing diagnostics controller rack. The developed module has a 
single input channel with a 
measurement range of 10 nA to 
300 nA. The data acquisition and 
serial (RS232) communication are 
facilitated through an ARM based 
microcontroller. Testing and 
calibration of the module was 
carried out using a current source 
meter (model 2400-C of Keithley) 
and a pico-ammeter (model 6485 
of Keithley). The fluctuation in 
the measurement is ±1nA with an 
accuracy of 1% FS. Various 
upgadations /facilities like noise 
shielding, improvement in 
measured accuracy level and 
multi-channel input with multi-
range configuration are being 
incorporated at present. 

Prototype low current measurement module 

T

Fig. 1: The Circuit for Low Current Measurement. 
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Testing of SiPM for phase measurement at SCC

Niraj Chaddha, R. B. Bhole, S. K. Das and Sarbajit Pal

eam phase measurement has been planned using Silicon Photo Multiplier (SiPM) sensors with 

the help of internal diagnostic probes in K-500 cyclotron. These devices have multiple 

advantages over conventional Photomultiplier Tubes (PMTs). These semiconductor devices 

require lower bias voltage (20 to 30 Volts) with equivalent high gain in comparison with PMT. Two 

types of SiPMs are procured for phase detection of the ion beam. One type of SiPM has conventional 

output with rise time of 1nS & fall time of 150 nS. The other type of SiPM has a provision of a 'fast 

output signal' with rise time of 100 pS and fall 

time of less than 1 nS. In prototype design, the 

SiPM with conventional output (fig.1) with 

spectral range of 300nm - 800nm and peak 

wavelength of 420nm was considered. A plastic 

scintillator was photo-tightly coupled with 

SiPM. A charge sensitive pre-amplifier and 

pulse shaping circuit was developed for initial 

testing (fig.2). The scintillator was exposed to a 

Gamma source and the measured pulse at the 

output has amplitude of few hundreds of mV 

with rise time of ~10 nS & fall time of ~100 nS. 

Amplifier of higher bandwidth is under 

development and it will be coupled with SiPM 

(fast output signal) to make the time response 

suitable for beam phase measurement.

Fig. 2: Prototype amplifier. 

B

Fig. 1: Silicon Photomultiplier Sensor.
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SUPERCONDUCTING CYCLOTRON

Development of SMS based alert system for cryogen 

delivery system

T. K. Bhattacharyya, T. Das, R. Rakshit and G. Pal

uperconducting Cyclotron Cryogen Delivery System is in continuous operation for many years. 
The control system of the Cryogen Delivery System is designed to be inherently safe and does 
not require any continuous human monitoring. However, as and when alarms are popped up, it 

needs to be addressed. For efficient utilization of manpower, SMS based alert system is set-up for 
sending event generated alarms to the concerned persons on shift. Persons on shift can be utilized for 
other work for rest of their time. The PLC communicates with the dedicated GSM modem and uses it 
for sending messages triggered by event based alarms as and when required. These GSM modem and 
SIM are kept in the superconducting cyclotron control room.

The developed software acquires the various process variables from the Schneider PLC through the 
communication protocol Modbus over TCP/IP and compares with the pre-set values. It alerts the 
operators by sending SMSs to their respective mobile phones in case the values are beyond the set 
values. There exists facility to insert/ edit/ delete mobile numbers as and when required in order to add 
or modify list of concerned operators who will receive SMS alerts.

A pre-defined delay is introduced for each parameter to avoid SMS firing in case of fluctuating process 
variable.  The SMS will only be fired on the falling/ rising edge and reset if the variable comes back to 
normal state.

The program can be run/set/closed by only the authorised persons with administrator level passwords. 
This SMS alert program can track whether the SCADA is running. The SCADA can also track this 
program, in the same way.

S

4.1
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The software is written in .NET which uses AT commands to send SMSs through GSM modem.

The system is now working independently and triggering alarm driven SMSs as and when required.

RF Division, ATG, VECC

he Solid state rf amplifiers play a key role for both K130 and K500 Cyclotrons. In our rf 

systems of cyclotrons, the solid-state rf amplifiers are used as driver amplifiers for final tetrode 

based high power amplifiers. The total requirement of driver amplifiers is also huge. It is 1 KW 

for K130 cyclotron  and 1KW per channel for 3-channel K500 superconducting cyclotron.

We have developed solid-state rf amplifier with 50Ω Input/50Ω output using MRFE6VP61K25HR6  

LDMOS FET (s). It is to be noted that these amplifiers are not fixed frequency ones and are operating in 

the frequency range of 5-30 MHz. The complexity lies in the matching circuitry for the wideband 

amplifiers. Generally the output impedance and input impedance is very low (<6Ω). The amplifier is 

equipped with impedance matching network along with wideband rf transformer the input stage and 

with wideband rf transformer the output stage shown in Fig. 1. A 4:1 transmission line balun (balanced-

to-unbalanced) transformer has been used in our amplifier. The amplifier is mounted on a forced air 

cooled aluminium heat sink. 

Fig.1: Amplifier functional schematic.

LDMOSFETs (N-Type) are connected in Push pull configuration. Both input transformer acts as a 

hybrid splitter whereas output transformer acts as a hybrid combiner. Commercial 50V, 40A DC power 

supply is used for biasing this amplifier. First, a 500W wideband amplifier in the frequency range of 5-

30 MHz has been designed, fabricated in house and tested with dummy load and then installed and 

commissioned with one channel of superconducting cyclotron successfully. It has been operating 

Design, development, installation and commissioning 

of 500W wideband solid-state RF amplifier in the 

frequency range of 5-30 MHz

T

SUPERCONDUCTING  CYCLOTRON
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smoothly round-the-clock with the system. The power is measured with commercial power meter (Bird 

Electronic Corp., USA - make). The technical detail of the amplifier is described in Table 1.

Fig.2: Typical performance of at 500W average, 1KW PEP.

Power Combiner/splitter and impedance transformers: Wide band transformers are used to 
perform numerous functions such as :

l Impedance transformation

Step up transformation are use full in extracting or sending power to high input /output 
impedances of vacuum tubes.

Step down transformation are required in matching input and output impedances of solid state 
amplifying devices.

Table 1: Technical details of indigenous rf amplifier

Frequency Range 5-30 MHz

Input / Output Impedance 50Ω

Output Power 500W

 Gain 25 dB (typical)

Cooling Air cooled

Efficiency 65%

Harmonic distortion -22dBc

PROGRESS REPORT 2013
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l Phase reversal

l Balance to unbalance coupling

l Hybrid functions

l Combiners/splitters

The wideband impedance matching transformers play important role in design and development driver 
stages of high power RF systems operating over a range of frequencies such as RF systems in 
cyclotrons.

   

50Ω: 450Ω Transformers 50Ω: 200Ω Transformers

Input VSWR profile of the transformers

2 way combiner/Splitter :  Two way combiner/splitter are often required in the rf systems of K130 and 
K500 cyclotrons. We mostly use two way combiners to combine the output of two 500W solid state rf 
amplifiers. These are essential rf components. A two way combiner has been designed and developed 
indigenously. 

SUPERCONDUCTING  CYCLOTRON
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Two Way Combiner mounted in cabinet

Two Way Combiner during development

Four Way Combiner during development

PROGRESS REPORT 2013

Design parameter Values for 
design 

Frequency range 5-30 MHz

Power rating 1000 W

Insertion loss 0.2dB 

VSWR 1.1:1

Isolation > 30 dB

Phase Balance ±3degree

Amplitude Balance 0.15dB 

Design parameter Values for 
design

Frequency range 5-30 MHz

Power rating 2000 W

Insertion loss < 0.3dB 

VSWR 1.1: 1 Max

Isolation >30 dB

Phase balance ±4degree

Amplitude balance 0.2dB 

3. Way combiner/splitter: Four way 

combiner/splitter are often required in 

the rf systems of K130 and K500 

cyclotrons. We mostly use four way 

combiners to divide the output of  solid 

state rf amplifiers and feed power to the 

four identical bridge tee networks at the 

grid of a tetrode tube . These are essential 

rf components. A four way combiner has 

been  des igned  and  deve loped  

indigenously.

Superconducting Cyclotron Project Team

he internal beam behavior of the K=500 superconducting cyclotron at VECC has been studied Trigorously in several experiments, e.g., measurement of coherent oscillation and orbit off-

K= 500 superconducting cyclotron
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centering by shadowing experiment with three probes, measurement of beam phase, measurement of 

turn separation by differential probe, etc. These studies indicated undoubtedly that considerable 

imperfections in the magnetic field have been restraining us to reach the goal of beam-extraction. So 

the magnetic field mapping and correction program was started. Large first harmonic field error (~45 

Gauss) was found near extraction zone. At the centre of the machine deviation from the desired average 

field was also observed. The field errors have partially been corrected by putting iron shims. Detailed 

magnetic field measurements have also been done at different stages of corrections. In this report, we 

present recent developments, the findings of different measurements and present status of the 

superconducting cyclotron.

Introduction

The superconducting cyclotron at 
VECC was commissioned with 
internal ion beam in August 2009. In 
early 2010, the beam extraction 
elements  ( two electrosta t ic  
deflectors, eight passive magnetic 
channels and one active magnetic 
channel) were installed and beam 
extraction trial started.  Initially 
there was gradual loss of beam 
current radially outwards. It was 
due to poor vacuum, as the main 
pumping system, i.e., the cryo-
panels inside the beam chamber 
were cooled by liquid nitrogen 
instead of liquid helium. After 
installing a higher capacity liquid 
helium plant, which could make it 
possible to cool the cryo-panels 
with liquid helium at the same time 
maintaining stable operation of the 
main-magnet cryostat, the beam 
chamber vacuum improved leading 
to a substantial increase in the beam 
intensity up to the extraction radius. 
It was anticipated that with the 
increased beam intensi ty a 
measurable fraction of the beam 
could be extracted through the 330° 
round extraction channel. But 
almost a year-long rigorous beam-
e x t r a c t i o n - t r i a l  r e m a i n e d  
unsuccessful.

In 2012, a series of experiments 

w e r e  c a r r i e d  o u t  f o r  t h e  

Fig. 1: NMR probe at the center of the superconducting cyclotron.

Fig. 2: NMR probe at the hill central-line.
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investigation of beam behavior in 

detail. Due to compactness of the 

s u p e r c o n d u c t i n g  c y c l o t r o n ,  

sufficient beam diagnostic elements 

were not present at that time. Several 

important beam diagnostics were 

developed and installed in the 

machine, e.g., a plastic scintillator 

based beam phase measurement 

system, differential beam probe for 

the measurement of turn separation 

and orbit centering, C-probe for the 

measurement of beam blow-up etc. 

Beam shadowing measurements 

revealed that the beam was highly 

off-centered while passing through 

the resonance zone just before the 

extraction. It was quite clear that 

large amount of field imperfection 

was prohibiting the beam to be 

extracted.

In the beginning of last year, it was 

decided to map the magnetic field to 

know the field imperfections 

quantitatively and take necessary 

corrective measures. A new field 

mapping jig was developed which 

could fit in the available gap of 18 

mm in the beam chamber. A 

considerable amount of harmonic 

and average field errors have been 

found, as it was anticipated from the 

beam-measurements. The sources of 

the field imperfections have been 

identified and it is found that the 

machine has to dismantle to remove 

the imperfections. Since it is a tremendous amount of job, which would take a long time, an 

intermediate attempt has been made to minimize the imperfections as much as possible by putting 

temporary iron-shims and have a beam-trial to see the effect on the beam behavior improvement.

Magnetic field measurement 

A new magnetic field measurement system, based on search-coil and NMR (Nuclear Magnetic 

Resonance) probe, was developed to measure the field. Magnetic field measurement was done in

the median plane of the superconducting cyclotron up to extraction radius (668 mm). The field 

Fig. 3: Reproducibility of radial scan.

Fig. 4: Comparison of 1st harmonic field amplitude among measurements in 
2006-February when the poles were bare (before installation of trim coil and 
RF liner), 2013-May (After installation of trim coils and RF liner) and 2013-
August (after partial correction of magnetic field by modifying central iron 
plug and putting iron shims on the inner wall of coil-tank). The field mapping 
results shown in the figure is for following excitations of main coils (403.1 A 
, 340.62 A).
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measurement was carried out at 

different stages of field correction.

The search coil calibration was 

done. For this purpose the 

magnetic field was measured using 

NMR probes at two points inside 

the cyclotron and the search coil 

was calibrated by moving from one 

point to another. One point was at 

the center of the cyclotron (Fig. 1) 

and the other was at 21.2” radius 

(Fig. 2) on central spiral line of

hill. 

Search coil velocity was optimized 

from several repetitive radial

scan to minimize relative field 

deviation and to ensure the 

required reproducibility of the 

measurement (Fig. 3). Full 360° 

maps were taken with radial step of 

2.54 mm and angular step of 1° for 
4+ 2+24 excitations and for Ne  and N  

operational settings. Fourier 

analysis of the processed data 

showed large first harmonic at 650 

mm with peak value 45 Gauss

(Fig. 4). Average field at the central 

region was also found significantly 

less (about 200 Gauss) relative to 

the measurements taken in 2006 

during installation of the magnet 

(Fig. 5). The first harmonic 

magnetic field at central region 

was found to be about 25 Gauss. 

It was found that first harmonic field amplitude was excitation dependent (Fig. 6). This feature 

indicated towards mismatch of coil axis with that of the iron. Correction to the first harmonic error at 

the extraction region was done by putting iron shims on the cryostat inner wall. Magnetic field was 

measured again to confirm the corrections. In extraction radius first harmonic was reduced below 10 

Gauss. Due to irons shims the gradient of second harmonic field amplitude increased in the extraction 

zone (Fig. 7). 

Fig. 5: Comparison of average field among measurements in 2006-February 
when the poles were bare (before installation of trim coil and RF liner), 2013-
May (After installation of trim coils and RF liner) and 2013-August (after 
partial correction of magnetic field by modifying central iron plug and 
putting iron shims on the inner wall of coil-tank). The field mapping results 
shown in the figure is for following excitations of main coils (403.1 A, 
340.62 A).

Fig. 6: Excitation dependence of first harmonic field before correction at 
different excitations. 'g' denotes grid numbers and corresponding alpha and 
beta coil currents (in amperes) are inside the bracket.
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Because of various physical 

constraints final shimming locations 

at central region become very 

compl ica ted .  Based  on  the  

shimming calculations some of the 

central region iron components 

namely small and large hill additions 

were redesigned, manufactured and 

assembled again in the central 

region. To increase the average field 

at central region and reduce the first 

harmonic error near the centre of the 

cyclotron, the heights of hill 

additions were adjusted (Fig. 8,

Fig. 9). Final magnetic field 

measurements were done at this stage 

for all the excitations. 

Finally trim coil fields (13 number of 

trim coils) were also measured 

individually, setting alpha coil at 

487.5 A and beta coil at 537.5 A 

(Fig.10). Because of turn to turn 

sorting, field contribution by trim coil 

3 and 10 was slightly less (Fig. 11) 

compared to others.

Fig. 7: Variation of second harmonic field amplitude before and after
correction.

Fig. 10: Average trim coil field measured vs simulated. Blacks are from 
TOSCA and colours are measured. From left to right peaks are 
corresponding to 1,2,4,5,6,7,8,9 th trimcoils.

Fig. 8: Modified central plug.                                             Fig. 9: Modified large hill addition.
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Fig. 11: Average trim coil field measured vs simulated. Frorm left to right peaks are corresponding to 3rd and 10th trim coil. 
Blacks are from TOSCA and colours are from measured.

Atanu Dutta, U Bhunia, J Pradhan, S Paul, Md Z A Naser, V Singh,
A Agrawal, V Tiwary, A Nath, J Debnath, M K Dey and A Chakrabarti

ourteen sets of trim coils are 

u s e d  i n  K o l k a t a  

superconducting cyclotron 

magnet to get desired phase history 
thand isochronous field. Zero  trim coil, 

which is a solenoid type located at the 

central region, was wrapped around 

the central plug. Rests of the trim coils 

were wrapped around each of the six 

spiral shaped pole tips (three upper 

and three lower).  While magnetic 

field mapping in May, 2013, trim coil 

contributions were measured. Same 

w a s  a l s o  s i m u l a t e d  t h r e e  

dimensionally using TOSCA solver of 

OPERA FEM package [1].

Trim coil fields in Kolkata superconducting cyclotron

F

Fig. 1: Helical end conductor.

161

SUPERCONDUCTING  CYCLOTRON



O
N

G
O

IN
G

 P
R

O
JEC

TS

Measurement of trim coil field

Operating magnetic field in Kolkata 

Superconducting Cyclotron is in the range of 

30KG to 50 KG. In this range of field, most 

of the pole tip irons are almost saturated. 

Trim coil contributions were measured with 

Alpha coil current at 445.98 Amps and beta 

coil current at 286.21 Amps. In this 

excitation central field was 31 KG. To 

measure trim coil contribution first without 

trim coil current, full 360 degree magnetic 

field map was taken using search coil. Then 

full map was taken again with current in trim 

coil. Trim coil contributions were found out 

subtracting first case from second case.

Calculation of trim coil field

While measuring trim coil field it was assumed that iron poles are almost saturated. At this condition it 

is sufficient to calculate trim coil field assuming core as air only. Trim coils were modelled using 

OPERA Version 15R2 (3D FEM PACKAGE) and they were approximated as helical end conductor 

(inbuilt primitive) as in figure 1. Inbuilt Biot-Savart integration routine was used to calculate trim coil 

field.

There was good agreement between measured and simulated trim coil average magnetic field [Figure 3 
rd thand 4] except 3  and 10  trim coil [Figure 5]. Few turns were sorted in one of the sectors for third and 

Fig. 2 : 3D modeling of trim coils.

Fig. 3 : Average field comparison between measured and 
simulated trim coil field (trim coils 1 to 6, 250A). Blacks are 
simulated and reds are measured.

Fig. 4 : Average field comparison between measured and 
simulated trim field (trim coils 7 to 9 at 250A, 11 to 13 at 
300A). Solid black line corresponds to OPERA simulated 
and red line corresponds to measured data.
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tenth trim coil. External resistances were 

added on other sectors to avoid harmonic 

effect. 

Reference

[1] Atanu Dutta et al, “Measurement and 
validation of trim coil field in Kolkata 
superconducting cyclotron”, INPAC 2013, 
Paper ID 307.

Atanu Dutta, B Manna, J Debnath, M K Dey, A Dutta Gupta,
G Pal and A Chakrabarty

o address the large beam off-centring in K500 SCC, magnetic fields were re-measured in the 
median plane using a search 
coil based magnetic field 

mapping system. After analysing 
measured magnetic field data it was 
found that magnetic field at centre of 
the cyclotron was less by an amount of 
260 gauss compared to 2006 
measurement. There was considerable 
deviation in average magnetic field up 

stto 10 cm radius. 1  harmonic effect at 
this central region was also slightly 
higher – 25 Gauss at 10 cm radius. But 
the most dangerous was build up of 

stanother huge 1  harmonic of amplitude 
~45 Gauss at 65 cm radius and this was 
higher than the value compensable by 
harmonic coil 13. Average field 

Magnetic field corrections in K500 superconducting 

cyclotron

T

Fig. 5 : Average field deviation in trim coil 3 and 10.
Blacks are from TOSCA and reds are measured.

Fig. 6 : Comparison of average magnetic field for grid 2, 1 
(alpha=403.13 A, beta=340.62 A) among 2006-map, 2013-May (before 
central region correction) and 2013-Aug (after correction).
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Fig. 7 : Comparison of 1st harmonic field amplitude among 2006-Feb, 
2013-May (before central region correction) and 2013-Aug (after 
correction) for grid (2, 1) (alpha coil current-403.1 A and beta coil 
current-340.62 A).
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stdeviation in central region and 1  
harmonic errors at central region as well 
as in extraction region was reduced by 
applying shims (Figure 1 and Figure 2) 
[1].

Magnetic field corrections in central 
region

s tTo compensate average and 1  
harmonic errors different shimming 
options were calculated. It was difficult 
to attach shims on large hill additions 
because of presence of huge magnetic 
force. So hill additions were redesigned 
[Figure3] absorbing the shimming 
dimension. In final design azimuthal 
width of small and large hill additions 

were increased and vertical heights were adjusted.

st1  harmonic field correction in extraction region

It was impossible to put any iron shim on the pole tips as it was covered with liners. So to compensate 
the first harmonic effect at 65 cm, different shimming options were calculated on the inner wall of 
cryostat. Finally three shims of different dimensions were added on the inner wall of cryostat and 
another shim on top of a hill shoe [Table 1].

Table 1

Fig. 8 : (Left) Central plug (central cylindrical part) with hill additions (separate three parts, indicated by dots) and  (right) one 
of six large hill additions, after modification.

Extraction shim 1 Extraction shim 2 Extraction shim 3 Extraction shim 4
Cryostat wall Cryostat wall On hill shoe Cryostat wall

0 0 0 0 0 0Angle→295  to 330 Angle→50  to 70 (irregular shape) Angle→170  to 190
0 0

Radius→68.072 cm Radius→68.199 cm Angle→335  to 339  Radius→68.326 cm

to 68.58 cm to 68.58 cm to 68.58 cm

Height→7.112 cm Height→7.112 cm Radius→65.786 cm Height→1.27 cm

to 12.7 cm to 12.7 cm to 66.04 cm to 4.572 cm
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References

[1] A Dutta, et al “Modification of iron geometry in the central region of Kolkata superconducting    cyclotron” INPAC 
2013, Paper ID 306.

J. Pradhan, M.K. Dey, J. Debnath, A. Dutta, U. Bhunia, S. Paul, 
Md. Z. A. Naser, V. Singh, C. Das, A. Agrawal and A. Chakrabarti 

he median plane magnetic field of the Superconducting Cyclotron (SCC) was measured using 

NMR and search coil assembly. The centre field was obtained with NMR probe and then 

measured the difference in the field at other points with moving search coil.  The field was 

mapped in ~10 interval and 0.1´´ radial spacing from centre to about 26´´ radius. The field data was 

available on a relatively coarse and non-uniform mesh which necessities the interpolation and 

smoothing of data. A variety of mechanical and electronic sources of error were studied in order to 

identify the actual cause during analysis of measured data. The geometry of search coil has been 

optimized for minimum error due to field in homogeneity. Detail studies were carried out to identify 

and estimate the errors during measurements. The contours of field gradient are plotted for every set of 

measurement which provides excellent way to identify the positions of any abnormality present in the 

data points. The axis of measurement grid generally does not match with the symmetry axis of the 

magnetic field, and will introduce second harmonic. Thus the magnet centre was obtained by 
0minimizing the second harmonic and found to be 0.7mm at 0  with respect to measurement frame and 

all the data points were transferred to this frame.

A typical deviation from point measurement due to the finite The field error due to off- median plane position and angular
size of search coil.  positional error of search coil .

Magnetic field data processing & error analysis

T
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ndThe contour plot of azimuthal field with continuous The 2  harmonic field component after transfering to magnet
red and dashed blue contours corresponds to positive frame of reference from measurement frame.
and negative field gradients respectively.

 

Jedidiah Pradhan, Malay Kanti Dey and Alok Chakrabarti

xperimental measurements of shadow cast by one beam-probe on another have been used to 
study beam behaviour at different radial positions of the K500 superconducting cyclotron at 
this institute. In this connection, a generalised analysis of coherent radial oscillation through 

shadow measurements on the beam in a spiral-sector, superconducting cyclotron is formulated. The 
formulation is applied to have a clear insight of the accelerating beam and the difficulties of beam -
extraction process in the K500 superconducting cyclotron. With this rigorous formulation more 
reliable information of radial oscillation amplitude and orbit centering was obtained. A well-centered 
beam results to easier beam extraction and enhanced extracted beam intensity. The correlation of 
shadow width and largest incoherent betatron amplitude is derived and validate with experimental 
measurement. A differential probe was used to measure the turn separation and its modulation due to 
coherent radial oscillation is fitted in the generalised model to estimate the dee voltage. The work has 
been published in the peer reviewed journal. The analysis provides the correlation of radial oscillation 
and shadow measurements as well as the motion of orbit centre. The beam is considered to be centred 
when the orbit centre coincides with the geometrical centre of the cyclotron. An estimation of the orbit-
centre is an important issue since the phase space density of an off-centred beam tends to be diluted by a 
large factor in the acceleration process as a result of mixing of coherent and incoherent radial 
amplitudes. The orbit centre is obtained by fitting data obtained from the shadow measurements using 

A generalized formulation of beam-shadow 

measurement and its application to superconducting 

cyclotron

E
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three beam probes with the scalloped closed orbit of proper energy. The orbit centre is thus obtained 
was compared with theoretical estimation using measured harmonic imperfections.

Radial betatron oscillation obtained from shadow measurement. The maximum and minimum 
shadow-widths (normalised) and their ratio vs. the dimensionless parameter d.

Orbit centre obtained from beam-shadow measurements. The calculations of orbit-shift under the 
influence of given harmonic imperfections are also shown.

Vinay Singh, Atanu Dutta, Ankur Agarwal, Chiranjib Das, Balu 
Naik, Z. A. Naser, Santanu Paul, Uttam Bhunia, Jedidia Pradhan, 
Jayanta Debnath, Malay Kanti Dey and Alok Chakrabarti

Vertical blow up of the beam 

To examine the vertical blow up of the beam a C probe was installed which is basically a C shaped 

M e a s u r e m e n t  o f  b e a m  c h a r a c t e r i s t i c s  i n  
superconducting cyclotron
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copper structure installed on the 

inner wall of cryostat at the entry 

point of the main probe. It was found 

that in some combination of trim coil 

current, a large beam current was 

read by the C-probe [Fig. 1].

 A very striking observation was that, 

in between 150° to 330° of 1st 

harmonic phase there was very little 

current in main probe as well as C-

probe as if the beam has got shifted 

towards another direction.. In 

between 0° to 150° there was current 

in main probe as well as on the c 

probe but at ~30° of 1st harmonic 

phase, current in C-probe was 

reduced and at the same time it 

increased proportionately in the main 

probe. For this particular phase, 

beam was focused on main probe, but 

for other phases the beam appeared 

to blow up.

Beam profile

Originally the Cyclotron has only 2 

probes, the Main and the Bore probe 

(the Bore probe was modified from 

Borescope). A third probe called the 

Deflector probe was placed by 

removing the Deflector. The profile 

of the beam was measured with 3 

probes. Good amount of beam was 

available up to the extraction radius ~ 

670 mm in main probe and bore 

probe, but in deflector probe the 

beam current started falling at ~ 650 

mm (without any external 1st 

harmonic field) (Fig. 3).

This indicated that the beam shifted 

towards main probe and bore probe 

region. Attempts were made to 

equalize the beam current in all the 3 

p r o b e s  b y  u s i n g  d i f f e r e n t  

Fig. 1: Current in C-probe Vs 1st harmonic phase.

Fig. 2: Current in Main Probe Vs 1st harmonic phase.

Fig. 3: Beam profile on 3 probes without any external 1st harmonic.
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combinations of 1st harmonic 

amplitude (up to 40 gauss) and phase 

(1-360°) but the distribution could 

not be equalized in all the three 

probes (Fig 4).These observations 

among others thus justified the need 

for remapping of the magnetic field, 

a s  s i g n i f i c a n t  a m o u n t  o f  

imperfections in magnetic could be 

the main reason behind these.

J. Debnath, J. Pradhan, U. Bhunia, S. Paul, A. Dutta, Md. Z.A. 
Naser, M.K. Dey and A. Chakrabarti

2+ 4+ecause of inadequate 'Dee-voltage' we have accelerated N  and Ne  beams in 2nd harmonic 

RF mode with frequencies 14 MHz and 19 MHz. But we could not succeed to extract the 

beam. So we tried to measure the beam off-centring and beam phase to understand the 

problem. 

It was found that the beam is executing a small coherent oscillation up to radius  ~580 mm. Beyond that 

radius, the beam continuously shifts in one direction and as a result of large off-centring it was lost 

before reaching the deflector entry. The average radius was calculated from the beam shadowing 

measurements and it revealed that the orbit size does not increase properly beyond ~650 mm. 

Beam dynamics study and phase correction in K500 

SCC

B

Fig. 4: Beam profile on 3 probes with 15 Gauss 1st harmonic
(phase 151°).

4+Fig. 1a: Radial profile of the magnetic field for Ne  beam at 19. Fig. 1b: Radial profile of the phase history.
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During April 2013 to Aug 2014 we remapped the field and found a field deficiency in the central zone 

and a large 1st harmonic field near extraction zone which is mainly due to cryostat shift (~0.7 mm). 

Beam dynamical simulation shows that the 1st harmonic field is shifting the beam in one direction after 

crossing the resonance, not allowing it to precesse around the machine centre. As a result of the large 1st 

harmonic field gradient around 600 mm, the beam was not reaching the deflector entry with proper 

path. 

4+The tuned magnetic field profile for the Ne  beam is shown in Fig. 1a which we found after field map 

done in April 2013 and corresponds to a phase history plotted in Fig. 1b.

Shimming has been done to correct the average field in the central zone and 1st harmonic field error in 

the extraction zone in August 2013. Now the average field produced by the combination of main coils, 

trim coils and iron is adequate to generate a preferable phase history. But simulations shows that in the 

1st harmonic RF operation, to cross the resonances properly near the ν =1 region, slight average field r

correction is still required at the extraction radius. 

Table 1a (for h=1 operation):

We have used few ions for the simulation. As shown in fig. 2a with vecc data walkinsaw resonance band 
is very large, causing beam blow up in liner at h=1 operation.

Fig. 2a: (ν  –1) = 0  Resonance crossing (solid lines -vec Fig. 2b: (ν  – 2 ν  ) = 0  Coupling Resonance crossing @ h=1r r z

data, dotted– reference data ). operation.

Ion Bref (kG) RF (Mhz) E (MeV/A) V_Dee (kV) V_ecr(kV)

1 Ne5+ 37.491 14.400 19.0 53 10.85

2 N4+ 31.229 13.700 17.28 42 8.6

3 Ne5+ 35.151 13.501 16.68 47 9.54

4 Ar12+ 36.861 16.999 26.82 63 12.59

Table 1b (for h=2 operation):

Ion Bref (kG) RF (Mhz) E (MeV/A) V_Dee (kV) V_ecr(kV)

1 Ne5+ 32.02 24.60 13.80 55 7.92

2 N2+ 31.91 14.00 4.39 31 4.49

3 N2+ 37.84 16.60 6.17 42 6.31

4 Ar6+ 36.86 17.00 6.48 41 3.30
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Magnetic field profiles are generated with the above Magnetic field profiles are generated with the above
Phase history. Phase history.

Still simulation is being done to generate a phase history which may provide a accelerating magnetic 
field without putting the beam in the resonance crossing for a longer time.

#U. Bhunia , J. Debnath, A. Dutta, A. Agarwal, Z. A. Naser, V. Singh, 
S. Paul, J. Pradhan, M. K. Dey and A. Chakrabarti

armonic field correction, especially the first harmonic, in azimuthally sector-symmetric main 
magnetic field in cyclotron is very crucial and important for stability of the beam. An 
innovative mathematical algorithm has been developed that provides unique solution of iron 

shimming to compensate first harmonic 
amplitude at a given radius, without 
introducing any additional average 
magnetic field.  Magnetic field 
mapping in the cyclotron median plane 
provides the details of the field 
imperfection in the machine. For the 
K500 superconducting cyclotron in our 
centre, reduction of first harmonic 
magnetic field contribution to a level of 
less than 5 G is desired up to extraction 
radius. 

In the mathematical formulation, two 
bas ic  assumpt ions  have  been  
considered: 

An innovative method of harmonic correction in 

superconducting cyclotron

H

Fig. 1: Feasible zone in central region of cyclotron where mirror 
symmetric shim is put for harmonic correction.
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Fig. 2: Validation of the harmonic correction with measured data.
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1) Iron shims are saturated, which is a 
g o o d  a p p r o x i m a t i o n  f o r  
superconducting cyclotron.

2) At the zone of interest, i.e. at the 
desired radius of harmonic field 
correction, a three-fold azimuthally 
symmetric zone is accessible for 
shimming. The three fold symmetric 
accessible zone could be of any 
azimuths. It is also assumed that for 
each piece below the median plane has 
a matching piece above the median 
plane. Depending on the accessible 
zone, any variety of shapes of shims 
would be suitable for accomplishing 
our purpose. 

Negative shim thickness implies removal of iron by machining from the said location. Let the shim 
thickness in three azimuthally symmetry accessible locations are t1, t2 and t3 near a radial position 
where harmonic connection is needed. From the measured field map, we have the idea of the harmonics 
to be corrected at a given radius. For example, field map in our K500 cyclotron reveals that a first 
harmonic correction of 10 G (at a phase of 80 degree) needs to be done at 3.1 inch. We identified three 
fold azimuthally symmetric positions as shown in Fig.1, where shim may be placed. The shape of the 
shim would depend on the available space. To compensate arbitrary first harmonic amplitude at phase 
ψ, we need to develop similar amplitude at a phase of ψ+1800. For example to impose a 10 G first 
harmonic amplitude at a given radius (say, 3.1 inch) and in any arbitrary phase, unique solution is 
obtained to find out required shim thickness as shown in Table-I. The shim thickness varies linearly 
with the required first harmonic amplitude at any given phase angle. The validity of the method is 
verified with measured data as shown in Fig.2.

Table-I. 10 G first harmonic at radius 3.1 inch

C. Nandi,  S.Roy, S.K. Mishra and G.Pal

uperconducting cyclotron magnet was commissioned in 2005 and magnetic field was mapped for a 
period of almost eight months. An intensive magnetic field mapping was completed in 2006 to 

Phase (deg) 0 30 60 90 120 150 180 210 240 270 300 330

t1 (mm) 0.04 -0.42 -0.77 -0.91 -0.8 -0.47 -0.01 0.43 0.76 0.9 0.79 0.5

t2 (mm) 0.76 0.89 0.79 0.48 0.04 -0.42 -0.77 -0.91 -0.8 -0.47 -0.01 0.43

t3 (mm) -0.8 -0.47 -0.01 0.43 0.76 0.9 0.79 0.48 0.04 -0.42 -0.77 -.91

A compact magnetic field mapping system for 
superconducting cyclotron magnet
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allow trim coils and RF system to be assembled. During the assembly of trim coils and RF system, the 
iron poles had to be dismantled.  The poles were assembled again with trim coils and RF system. The 
Cyclotron was commissioned after completion of the RF system assembly and first internal beam was 
accelerated and observed up to 550 mm during August 2009. The beam could not be extracted through 
deflectors and magnetic channels. Several experiments using accelerated ion beam were carried out to 
identify the problem. Large off centring of ion beam was observed after 580 mm of radius. Detailed 
beam dynamical calculations indicated presence of strong perturbation fields resulting in large off 
centring. Based on these calculations it was decided to remap the magnetic field inside cyclotron. 
Disassembly of all RF structures and liners were not possible due to time constraint. It was not possible 
to fit the earlier jigs and drive systems with the present available gap between RF liners and 
configuration at the magnet bottom pole cap. Due to unevenness of the liner surface and main probe 
track on the liner, the effective gap has been reduced to less than 17mm.  A separate jig (Fig 01) and 
drive system has been designed and manufactured to fit in to the available space and to get better 
accuracy of the measured data.

Fig. 1: 3D model of Magnetic field measurement jig arm assembly.

Mechanical system

The complete mechanical assembly has three main subassembly i) Arm assembly ii) Radial drive 

system iii) Angular drive system. The basic configuration of the arm assembly is almost same as before. 

However, since the dimension and tolerances are very restricted we had incorporated some special 

material and optimization in the design. Carbon fibre composite bar has been used for supporting the 

tray where the cart body moves. This made the composite bar very light but very rigid in bending. A 

special precaution has been taken while machining of carbon fibre composite and the tray made of 

plexiglass. The minimum thickness of the plexiglass is 2.5mm throughout the length of 1.2 metre. The 

straight line movement of the search coil has been assured by putting three teflon pads on the cart body. 

The deviation of movement of vertical axis of search coil in horizontal plane has been measured within 

12 micron after assembly in the cyclotron magnet. The movement of search coil could be maintained 

within ± 0.3mm with respect to mechanical median plane of the magnet. A linear encoder comprising a 

photo sensor assembly head, HEDS9200 and US Digital scale is used to measure the radial position of 
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the search coil. The photo sensor 

assembly is fixed on the cart body and 

moves along with the search coil. The 

encoder scale is fixed with the plexiglass 

track. This assembly enables the search 

coil to move radially from –60mm to 

685mm on a base track. The radial 

measurement is taken with respect to the 

centre of rotation of the track. The 

indexing of the linear encoder is done at 

the starting end for each scan. 

The drive mechanism (Fig.2) for radial 

movement of the search coil has been 

changed from the earlier. We had faced a 

lot of problem of slippage of string on the 

drum in earlier mechanism. With the new 

design the spur gear set and string drum 

mechanism has been replaced by a 

toothed pulley mechanism. A DC 

brushless servo motor directly drives the 

pulley. The belt is cut to open ended and 

stitched with the string which goes to cart 

body of the arm assembly. Toothed belt drive gave better uniformity of the search coil movement. 

Fig. 3: Arm assembly with seach coil and NMR inside cyclotron.

After each radial scan is completed for a particular angular position, the arm assembly along with the 
search coil is rotated azimuthally using an angular drive mechanism. The previous angular drive 
system could not be fitted because of space restriction. The main shaft which rotates the arm assembly 
remains same as before. The rotor part of the angular encoder is fixed with the shaft and the stator part 
has been fixed with a stationary flange. The shaft is connected with a stepper motor via a spur gear set. 
The present angular drive radial drive and shaft assembly is made very compact and act as a single unit. 
The total assembly could be fitted with magnet lower pole cap easily without dismantling RF 

Fig. 2:  Drive system.
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0components. With the gear ratio 1:5, the stepper motor rotates the arm assembly 0.36  per step. The 
absolute angular encoder accurately measures the angular position of the arm assembly up to ±4 arc sec 
accuracy.  

The search coil has been calibrated inside the cyclotron (Fig 3) taking absolute magnetic field at two 
radial positions: one at centre of the cyclotron and the other at hill position where magnetic field is 
sufficiently uniform. The search coil is then moved from centre to the known magnetic field position 
and search coil voltage signal is taken for calibration.  

Joydeep Misra, S. N. Das and R. Karmakar

 capacitance type level sensor cum transmitter with 

measuring range 0to 1000mm, having accuracy 

±2mm has been installed and commissioned in 

SCC Pit in the month of March, 2014. During operation of 

Super Conducting Cyclotron air conditioning condensed 

water and waste contaminated water from cyclotron is 

collected in pit. It is difficult to monitor as well as control the 

water level in SCC pit during operational of cyclotron. 

Therefore to monitor the sump water from remotely a level 

sensor (Fig-2) cum transmitter (Fig-1) is installed and 

commissioned. This sensor is also having high level and low 

Installation, testing and commissioning of capacitance 
type level sensor cum transmitter in SCC pit.

A

Fig. 1: Level indicating Transmitter. Fig. 2: Probe Unit.
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level switches by which sump water level is controlled by an auto operated pump located inside the pit. 

As soon as level reaches to maximum limit high level switch activates and water is transferred into 

outside dilution tank, similarly when water level reaches at low limit, low level switch stops the pump 

automatically. During operation of the cyclotron sump water level can be controlled without effecting 

the cyclotron operation.

S. Roy, C. Nandi and G. Pal

here are two deflectors in the super conducting cyclotron, E1 and E2 used to extract the 

accelerated particle beam using a static electric field. The electrodes are mounted on insulators 

within a casing and electric field is generated between the electrode at very high potential and 

the septum at ground potential. The cross sectional profile of the electrodes is composed of straight 

lines and ellipses merged tangentially within an overall size of 29.3x14.4mm. The sectional profile is 

swept along 520 and 625 long arc segments with radius of curvature 675mm and 660mm for E2 and E1 

respectively. Rear side of the deflector contains 4 holes at specified angular orientation to mount the 

electrode on the insulators and connect the power feed through. Both ends of the electrodes and the 

holes are also smoothly merged with rest surfaces to avoid any sparking and high voltage breakdown 

from the sharp edges. The electrodes contain mostly convex surfaces at top, bottom and front side and 

concave surface at the rear side. 

Fabrication of deflector electrode for SCC

T

Fig. 1: Machining of E1 deflector electrode and finished electrode.
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Machining of a component with all around machined and curved surfaces using a 4 axis CNC machine 

is a challenging task. The electrodes were machined out from a 30mm thick plate using 3 settings. In the 

first and second setting, curved surfaces from top and bottom as well as both ends were machined. The 

electrodes were linked with the stock material through a ruled surface at the front. Reference holes 

were made very precisely in the stock material to align the work piece coordinate system of different 

settings with the machine coordinate system. The semi- finished electrode was then mounted on the 
throtary 4  axis using a fixture. The required orientation of the electrode was achieved through the rotary 

axis and the rear surface of the electrode and the holes was machined. The finished electrode (Fig. 1) 

was parted out from the rest of the stock material in the final setting. Suitable clamping fixtures with 

similar curved surfaces to hold the finished electrode was designed and fabricated prior to the last 

setting operation. Profile accuracy and surface finish were inspected and was found to be within the 

tolerance range. 
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Radioactive ion beam project research highlights 

Alok Chakrabarti

he year 2013 ushered in significant scientific progress in the RIB project. After last year's 
successful first acceleration of radioactive ion beams, this year's effort was aimed towards 
acceleration of new beams of interest for materials science and other applied science.The result 

111was first acceleration of RIB of In (Indium-111) which has a half-life of 2.8 days and is used as a 
radioactive probe in Perturbed Angular Correlation (PAC) spectroscopy. PAC is a widely used 

111technique in several areas of materials research, chemistry and biology. Apart from PAC, In is also 
used as a radiotracer e.g. in wear studies of medical prostheses, and several other medical applications.

The other significant achievement has been the design of novel scheme for simultaneous multiple 
charge state acceleration of radioactive ion beams. This work may well be the key in preserving the 
intensity of radioactive ion beams in the post-acceleration stage of the ANURIB facility. Based on the 
Asymmetrical Alternate Phase Focusing (A-APF) structure that shows high transverse and 
longitudinal acceptance, the beam dynamics results show that 81.5% of the input uranium beam before 
the foil stripper could be accelerated to 6.23 MeV/u through a long chain of quarter wave resonators 
(QWRs) maintaining a high enough acceleration gradient. Charge states from 34+ to 42+ for the 1.3 
MeV/u beam passing through the stripper are efficiently transported.   

Meanwhile for the present RIB facility, design has been frozen for the long beam-line that will transport 
beam from the existing RIB facility site to the new Annex building. The design goal is to achieve a 
robust solution for the transport of heavy ion beam emerging from LINAC-3 with the mean energy of 
414 KeV/u so that it is well matched both in transverse and longitudinal direction at the entry of the 
LINAC-4. A charge stripper is placed between the two Linac modules in order to achieve higher charge 

to mass ratio (q/A ≥ 1/7; q/A before the stripper is ≥ 1/14). In order to mitigate the de-bunching of the 

beam in the long beam-line two re-bunchers will be installed and these have been fabricated. 

The long beam-line is expected to be ready by 2014 and will be installed in the new building. The 
heavy-ion linac modules that will accelerate the beams to about 1.0 MeV/u  will also be installed once 
the new annex building is ready. For further acceleration to 2 MeV/u superconducting linac modules 
will be built. Each cryo-module for the SC-Linac will house four QWRs and a superconducting 
solenoid for beam focusing. The design of the SC-Linac and the solenoid has been completed. 

Development of new stable isotope beams has continued and this year mainly metallic beams such as 
64 66 68 115 58 60 62Zn, Zn and Zn, In, Ni, Ni, Ni have been developed. Typical beam currents are from 10 – 100 
nA for these beams and efforts are ongoing to improve the beam intensity. 

The low energy stable isotope beams from the facility have been used for several material science 
studies. In a recent notable study, we have established a new method that allows patterning of isolated 
nano arrays by broad ion implantation without any mask and/or lithography. Demonstrated using 

+implantation of Fe-ions on an O  beam induced patterned Si surface, this method has potential 

T
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applications in mask less, low cost and fast nanopatterning for electronic, magnetic, optical and 
mechanical devices. In another significant study, room temperature ferromagnetic ordering in 

5+polycrystalline rutile TiO has been studied after irradiation with 4 MeV Ar beam accelerated in the 2 

3.2m long RFQ linac. Experimental results and density functional theory calculations clearly show that 
oxygen vacancies (VO) in the irradiated sample play main role in inducing ferromagnetism as well as 
n-type semiconducting nature in the rutile TiO .2

Also a laser spectroscopy hut has been set up for pursuing quantum optics studies relevant to photo-
ionization and for measurements of atomic hyperfine splitting and isotopic shift of exotic nuclei using 
collinear laser spectroscopy. Initial test experiments are planned with beta-stable rubidium ion beam 
and the surface-ionization source at the ISOL facility has been re-energized for the purpose. 

In another study relevant for high power thick target development, sintering and grain growth kinetics 
of undoped and silica doped (0 to 6 wt% respectively) zinc oxide has been studied. SiO  addition 2

restricts the grain growth of ZnO making it more resilient to high power deposition. 

The superconducting electron linac development is progressing satisfactorily. The electron gun, LEBT 
(low energy beam transport) line and CCM (capture cryo module) for the 10 MeV injector at VECC 
will be indigenously made in Indian industry whereas the ICM (injector cryo module) is being built at 
TRIUMF. The vendor survey for fabrication of gun components and LEBT has been completed and 
tender will be raised soon. The engineering design of CCM is almost final and a 4K to 2K cryostat is 
being fabricated for validations and tests. Coupler induced kick in the single-cell cavities of CCM may 
perturb the low energy beam and to study this effect beam dynamics simulations have been done. It is 
found that coupler induced kick will not appreciably change the emittance values at 10 MeV. At 
TRIUMF the ICM assembly is progressing well with participation of VECC engineers. 

Addendum-3 to the Memorandum of Understanding between VECC and TRIUMF Canada was signed in August 2013. This 
collage shows (clockwise) Dr. D. K. Srivastava, Director VECC; Dr. Nigel Lockyer, Director TRIUMF; Dr. Lia Mermiga 
Accelerator Division Head, TRIUMF; Dr. Alok Chakrabarti, Associate Director (accel.) VECC ; TRIUMF engineer Norman 
Muller with the ICM string that is part of Addendum-2 and the Addendum-3 document that was signed. 

RADIOACTIVE ION BEAM
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VECC and TRIUMF have extended their collaboration on the electron linac development to new areas 
related to RIB technology development. In this effect the VECC-TRIUMF MoU Addendum-3 has been 
worked out. This deals with the joint development of high power actinide target module and one heavy-
ion superconducting linac cryo-module. VECC and TRIUMF signed the Addendum 3 in a ceremony 
that took place in the last week of August 2013 at Vancouver. 

Vaishali Naik, D. Lavanya Kumar, Prasanta Karmakar,
1Mahuwa Bhattacharjee, Sampa Bhattacharjee, S. K. Das ,

1Debasis Banerjee ,  Arup Bandyopadhyay  and  Alok Chakrabarti
1Radiochemistry Laboratory, BARC, VECC, Kolkata 

111adioactive ion beams of In (half-life 2.8 days) have been produced recently at the VECC RIB 
facility. This involved new R&D on development of metallic beams by ion-beam induced 
sputtering method in ECR plasma. Normally for ion beams of non-volatile elements and 

metals, the oven technique is used with ECR. In this technique, suitable compound or pure metal of the 
element of interest is evaporated in a resistively heated oven attached to the plasma chamber of the ion-
source. However for radioactive samples, the feed material is very meager and one cannot afford to lose 
any fraction on the oven and plasma chamber walls. Further, for elements such as indium with a low 

111Acceleration of radioactive ion beams of In

R

Fig. 1: Layout of the materials science beam-line of VEC-RIB facility.
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melting point (157 ºC) controlling the heating power becomes difficult because indium metal quickly 
becomes liquid and easily flows out of the sample tube.

The alternative is to use ion-beams induced sputtering in ECR plasma. The method basically involves 
inserting a solid sample of the element of interest inside the plasma chamber. The sample is negatively 
biased and placed near the ECR zone. Plasma is created by a supporting gas such as argon. The ions 
from the plasma get accelerated towards the sample and sputter solid material into the plasma from its 
surface. The sputtered atoms get ionized in the ECR plasma and the extracted beam from the ion-source 
is mass separated using an analyzing magnet.  In case of radioactive ions, beam is stopped on the 
Faraday cup and characteristic gamma-rays from radioactive decay of the isotope are identified in a 

high purity germanium (HPGe) detector 
placed nearby.  A schematic layout of 
the ECR ion-source and low energy ion-
implantation setup is shown in Figure 1.

Indium isotopes for the beam 
acceleration experiments were first 
produced by bombarding natural silver 
target with 30 MeV, 400 nA alpha 
particle beam from the K-130 cyclotron. 
After radio-chemical separation, about 

11170 micro-curie In-chloride was 
deposited on an aluminum electrode 
and inserted in the plasma chamber of 
the ECR. Gamma-rays at 171 keV and 
245 keV corresponding to the decay of 
111In were clearly identified. The 

111measured In beam intensity was 9000 
111particles per second for beam energy of 5 keV.  A typical gamma-ray spectrum from the decay of In 

measured at the separator focal plane is shown in Figure 2.

 

 

S. Dechoudhury, Alok Chakrabarti and Y -C.Chao*
*TRIUMF, 4004 Wesbrook Mall, Vancouver B.C V6T 2A3, Canada

symmetrical Alternate Phase Focusing (A-APF) structure provides both transverse and 
longitudinal focusing by alternating the sign of equilibrium phase over a series of accelerating 
gaps. Such structure can be realized in a long chain of double gap quarter wave resonators 

(QWRs). Mathieu-Hill stability analysis for the focusing periods consisting of independent resonators 
with phase variation satisfying square – wave law has been used to evaluate parameters such as the 

Multiple charge beam dynamics in Alternate Phase 
Focusing structure 

A

111Fig. 2: Typical gamma-ray spectrum from the decay of In.
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electric field and phase for the 
resonators. In one APF period, the 
individual phase of resonators changes 
sign resulting a vertical steering kick in 
a particular direction, which is less as 
compared to the case where all the 
individual resonators operate in the 
same phase. 

Owing to appreciable transverse and 
longitudinal acceptance such structure 
can be a potential candidate for 
simultaneous acceleration of multiple 
charge states – especially important for 
enhancing beam intensity after a charge 
stripper in a Rare Ion Beam facility. 
Design of such structure as the booster 
section for the proposed ANURIB 
(Advanced National Facility for 
Unstable and Rare Isotope Beam) 
facil i ty has been carried out.  
Asymmetrical Alternate Phase (A-
APF) focusing realized in a sequence of 
36 Superconducting Quarter Wave 
Resonators has been shown to 
accelerate almost 81% of input 
Uranium beam before foil stripper to an 
energy of 6.2 MeV/u from 1.3 MeV/u. 
Ten charge states from 34+ to 43+ could 
be simultaneously accelerated with the 
phase of resonators tuned for 34+. 
D e t a i l e d  c u r v e  s h o w i n g  t h e  
transmission efficiency along with the 
charge state fraction of all the charges 
created after stripping is shown in Fig. 
1.

A-APF structure showed unique nature of large potential bucket for charge states higher than that of 
tuned one. Particle tracking (longitudinal and transverse) has been carried out using simulated 3D 
fields for double gap quarter wave resonators (QWRs). Steering inherent to QWRs can be mitigated by 
considering alternating positive and negative cycle of variation in phase, when going from one period 
to the next as shown in Fig. 2. The solenoids in each focusing periods have been optimized so that most 
dominant charge state 37+ on axis particle undergoes minimum Y steering at the end of each APF 
period. It was also ensured that different charge states (having different velocity profiles through 
resonators) lie within the close proximity of the dominant charge state at the end of the periods. Such 
optimization also ensured minimum transverse emittance growth for all charge states combined as 
compared to single charge acceleration.The transmission efficiency corresponding to different 
mismatched longitudinal input beam shows an appreciable tolerance factor of  ~ 20% in input 
beam.Particle tracking with 3D fields for cavity carried out for the present design, using 5000 particles 

Fig. 1: Transmission efficiency of multiple charge states.

Fig. 2: Alternating phase variation and energy profile along
the APF periods.
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distributed equally amongst ten charge states from 34+ to 43+ shows that simultaneous misalignment 

of all the 36 resonators and five solenoids up to ± 100 µm both in X and Y does not have any appreciable 

effect on transverse emittance and transmission efficiency (Energy>6MeV/u) remains more than 80%.

A. Bandyopadhyay, S. De Choudhury, Md. Sabir Ali,
Manas Mondal and A. Chakrabarti

ill now heavy-ion beams have been accelerated to 415 keV/u in the RIB facility. The third linac 
module LINAC-3 that accelerates beam from 289 keV/u to 415 keV/u will be moved from the 
existing cave. A long beam transport line between LINAC-3 and LINAC-4 will connect the 

existing beam-line and that in the new RIB Annex building. The actual LINAC-2 to LINAC-3 beam 
transport line is a challenging design due to site limitations. As there is not enough space, the beam has 
to be bent by 90 degree after LINAC-2 – which means the X & Y motion of the beam has to be 
decoupled before the bend and also the layout should be achromatic to control the beam size. This 
makes the beam line longer than desired and demands two RF bunchers before LINAC-3 for 
longitudinal matching of the ion beam.

Status of heavy-ion transport beam line of the RIB 

facility 

T

Fig. 1: 3D layout of the RIB facility and beam-line connecting the existing cave-2 to Annex building via cave-1.
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Each four-gap re-buncher has a provision 

for ±1% frequency tuning about the 

resonant frequency. The re-bunchers have 

maximum drift tube gap voltage of about 

55 KV per gap. Due to this high gap 

vol tage requirement ,  the  power  

dissipation in the system is also large (~ 12 

KW) considering a 50% safety factor in 

the Q value for the designed cavity. The 

main components of the re-buncher cavity 

are manufactured from single copper 

blocks to avoid welding / brazing which 

also provides ease to the mechanical 

assembly and alignment. Heat load from 

3D electromagnetic analysis has been used 

for steady state thermo-mechanical 

analysis. It shows a maximum temperature 

rise of about 41 ºC on a drift tube with 25 

lit/min water flow rate and 35 ºC inlet 

temperature. The deformations due to 

power dissipation and mechanical load on 

the system turned out to be small. 

The two 37.8 MHz re-bunchers have been 

fabricated and tested (mechanical tests and 

low power rf tests done by VECC 

inspection team) at Indian industry. The 

RF measured frequency was within 0.35% 

of simulation and Q-value better than 65% 

of the simulated value could be achieved. The items are likely to be delivered soon. Fig. 1 shows the 

layout of RIB facility beam-line and Fig. 2 shows a photograph of a re-buncher during assembly at 

vendor's site. 

The MEBT line design has also been frozen. Basic requirements of this MEBT line are (a) charge 

stripping to increase the charge to mass ratio of the output beam from LINAC-3 from q/A ≥ 1/14 to ≥ 

1/7, (b) analysing section for selection of charge state for further acceleration, (c) matching the beam 

emittance with the acceptance of LINAC-4 and (d) the overall layout should be achromatic to the 

extent possible. Special effort has been taken to keep the beam size on the charge stripper small to 

reduce the energy straggling. The design has become complicated due to site limitations which 

requires that the distance between LINAC-3 and first analysing magnet has to be at least 13m and the 

total bend angle should be 90 degree. This has been achieved using two 45 degree bends and a 

maximum mass resolving power ~ 60 could be achieved at about 1m downstream of the first dipole 

magnet. Total length of the beam-line is around 24 m.  

Fig. 2: Re-buncher assembly at vendor's site. 
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Design of quarter wave resonators and high field 
superconducting solenoid for superconducting heavy-
ion linac 

A. Bandyopadhyay, Pratanu Chakraborty, Chiranjib Das,
Siddhartha De Choudhury, Malay Kanti Dey, Uttam Bhunia, 
Siddhartha Ghosh, Tabassum Fatma, Md. Sabir Ali and A. Chakrabarti

n the VECC RIB facility, the RFQ and five IH LINAC cavities will provide beam energy of about 
1.0 MeV/u. For further acceleration of heavy-ion beams up to 2 MeV/u two superconducting linac 
cryo-modules will be needed. Each cryo-module will have four niobium quarter wave resonators 

(QWRs) and a super-conducting solenoid housed within a cryostat. The QWRs will provide the 
required acceleration gradient but also transverse defocusing to the beam bunch. For focusing of the 
beam a compact superconducting solenoid fitted into the middle of the QWRs is proposed. The 
solenoid should have the required focusing strength; however the field should not extend much beyond 
the physical length of the solenoid to ensure that the stray field does not cross the critical value on the 
surfaces of the adjacent superconducting RF cavities. 

Fig. 1: (Left) 3-d layout of a cryo-module showing four quarter wave resonators (QWRs) and a superconducting solenoid in 
the middle. (Right) Design parameters for the SC-Linac and schematic of a QWR and SC-Solenoid.

The important parameters of the solenoid are listed in Table-1. Nb-Ti superconducting coil has been 
considered in this design having dimension of 1.88 mm x 1.18 mm and copper to superconductor ratio 
of 1.35%. The current that can be sent through the coil depends on the magnetic field at the location of 
the coil. The critical current for the used coil is 822A and 483A at 8T and 9T field respectively. In the 
present design, one main coil in an iron shim casing has been used to produce the required axial 
magnetic field. 

I

Niobium QWR SC-Solenold
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The main challenge in this design is how to reduce 
the stray field to such a low value (<100 mT) 
within the limited space available. The stray field 
can be reduced by using additional coils (bucking 
coils) at optimized locations. A pair of bucking 
coils outside the iron shim has been used to reduce 
the stray axial field on the axis. The field 
calculations have been done using TOSCA code. 
The field profile of the coils is shown in Fig. 2. 

The field profile shows that the 9T axial field has been achieved and the stray field beyond the physical 
length of the solenoid and the space where quarter wave resonators will be placed is less than 21 mT 
which is well within the design goal.

Fig. 2: (Left)The field on the axis of the solenoid and (Right) the axial field along the axis of the solenoid beyond its physical 
length.

Vaishali Naik, D. Lavanya Kumar, Prasanta Karmakar, Mahuwa 
Bhattacharjee, Sampa Bhattacharjee, Tapatee Kundu Roy, Arup 
Badyopadhyay and Alok Chakrabarti

his new R&D is for development of metallic beams by ion-beam induced sputtering method in 
ECR plasma. It is ultimately aimed towards offline production of new radioactive ion beams 
such in the RIB facility. Our initial aim is towards developing stable isotope beams of Indium 

and Zinc. The6.4 GHz and 2.4 GHz ECR ion source has been used for these experiments. Sputtering 
samples of ZnO (melting point 1975 ºC) and Indium oxide (melting point 1910 ºC) were used 
respectively for indium and zinc beams. The samples were in a form of 4 mm diameter, 3 mm long 
pellet that was placed on an aluminum sample holder electrically isolated from the plasma chamber. 
The sample was inserted from the injection port in the 6.4 GHz ECRIS and one of the radial ports for 

Production of metallic beams of zinc and indium by 

ion-plasma sputtering method

T

Table-1 : Important parameters for the solenoid.

Parameter Value

Peak field on the solenoid axis 9 T

Effective field length 340 mm

Available physical space along axis 540 mm

Acceptable stray field on solenoid
axis at 340 mm  from centre < 100 mT
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the 2.4 GHz ECRIS. The position of the 
sample could be adjusted remotely. 
Parameters like microwave power, 
sputtering bias voltage, feed gas 
pressure were adjusted to maximize the 
beam current on the faraday cup after the 
separator. Typical sputtering biased 
voltage was about -150 to -300 volts and 
plasma chamber vacuum was around 4x 

-610  mbar with argon support gas.  A 
measured spectrum for 8 keV zinc beam 
extracted from 6.4 GHz ECRIS (beam 
current measured on FC by varying 
magnetic field of the dipole magnet) is 
shown in Fig. 1. The three isotopes of 

64 66 68Zinc namely Zn, Zn and Zn are 
clearly seen with the ion beam intensity 
matching the natural abundance of the 

isotopes. It may be mentioned that the measured beam of few nano ampere is because of the too small 
size of the sample in these trial experiments. Typically few cm long samples are used for producing 
micro amperes of beam (ref Nucl. Instrum. and Meth. B 254 (2007) 337). 

For indium beam apart from indium oxide pellet, a chemically electrodeposited sample was also tried. 

This is to mimic the method by which the radioactive indium sample would be made. The measured 

spectrum for Indium for the chemically deposited sample in 2.4 GHz ECR is shown in Figure 2. The 2.4 

GHz ECR plasma chamber volume is smaller and therefore the wall loss will be smaller in this case. 

This ion-source has been used for radioactive indium ion beam experiments. 

115Fig. 2: Measured spectra for In beam in 2.4 GHz ECR.

RADIOACTIVE ION BEAM

Fig. 1: Mas spectrum for Zinc beam showing the three isotopes.
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Ni ion beam development by ECR plasma sputtering 

of a Nickel ball 

Isolated magnetic and conducting array formation by 
low energy ion implantation and investigation by 
scanning probe microscope and cross sectional 
transmission electron microscope

Prasanta Karmakar, Sampa Bhattacharjee, D. Lavanya Kumar and 
Vaishali Naik

table Ni beam is developed to 

implant magnetic nanostructures in 

a non-magnetic matrix as well as to 

optimize the ion beam system for similar 

radioactive beam acceleration. For Ni ion 

development, a hollow ball of Ni was 

placed near the ECR plasma by a vacuum 

feed through and was negatively biased. 

The ions of the ECR plasma sputter and 
1+ionized the Ni atoms. The Ni  ions were 

extracted and mass analyzed at10 keV 

energy. The typical beam current was 100 

nA through a 6 mm circular aperture. 

1Prasanta Karmakar and Biswarup Satpati
1Saha Institute of Nuclear Physics, Kolkata

e have reported the isolated nanostructure array formation on a large area via broad ion 

beam implantation without any mask or resist.  Desired ions have been implanted at 

specific location of the prefabricated silicon ripple or triangular structures by exploiting 

the variation of local ion impact angle. We show that the implantation of Fe ions on an O+ induced pre-

fabricated triangular shaped patterned Si surface results in a self-organized periodic array of striped 

magnetic nanostructures having several micron length and about 50 nm width arranged with a lateral 

separation of ~ 200 nm. The morphology, composition, crystalline structure and magnetic property of 

these nanopattern samples have been analyzed using high resolution cross-sectional transmission 

S

W

Graph showing the distinct peaks of the different isotope of Ni.
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electron microscopy and atomic force microscopy. The fundamental feature of such nanopattern 

formation by broad beam ion implantation is explained by a geometrical model.

Here, we have developed a method that allows patterning of isolated nano arrays by broad ion 

implantation on ion beam induced prefabricated ripple patterned substrate without any mask and/or 

lithography. Large area patterned Si substrate with sinusoidal or triangular surface profile have been 
ofirst fabricated by broad Oxygen ion bombardment at 60  with respect to the surface normal. We show 

that further oxygen,  Fe implantation at same ion incidence angle on  such a pre-formed patterned 

substrate  could selectively deposit projectile atoms at the front face  (facing the ion beam) of the 

sinusoidal or triangular ripples. Consequently, one gets a self-organized periodic array of conducting 

and magnetic striped nanostructures having several micron lengths and a typical width ~ 50 nm 

arranged with a lateral separation ~ 200 nm (Fig. 1). The key feature of this method is that the projectile 

atoms are inserted and restricted at specific sites without any mask.

The spatial variation of implanted species over the sinusoidal ripple structure and triangular wave like 

structure has been described by calculating the local ion impact angle, implantation depth and 

sputtering yield (Fig. 2).

The potential of the broad ion beams for mask less, low cost and fast nanopatterning for electronic, 

magnetic, optical and mechanical devices is demonstrated. This method not only be able to produce 

large area striped pattern but also could form regular isolated conductive or magnetic dots using 

suitable prefabricated structures.  Furthermore, large area nanopatterns with various physical and 

chemical properties by this process can be realized very easily as the ion beam technique is highly 

flexible and controllable in nature with respect to the implant species, implantation depth and 

concentration. Further, the present method of synthesis does not require any protective cap layer 

1+ 18Fig. 1: AFM and XTEM image of patterned Si surface produced by 8 keV O  ions with fluence 2×10  ions cm-2 and 
3+ 18consequent 36 keV Fe  implantation with fluence 1×10  ions cm-2. (a) Sinusoidal ripple structure and (b) Triangular ripple 

structure, (c) cross sectional XTEM and (d) corresponding composite image showing Si (red) and Fe (green) (e) High 
resolution TEM images of Fe particle and (f) Fourier filtered image from edge of Fe particle (shown in inset) from dotted box 
region. Cross-sectional (g) AFM and (h) MFM of the Fe implanted patterned Si surface. Corresponding topographic (upper) 
and magnetic (lower) profiles along the line drawn on (g) and (h), respectively is shown in (i).
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deposition as the desired atomic species is implanted at the subsurface layers and protected from the 

external environment and contamination.

Fig. 2: Variation of local ion impact angle, ion implantation range and sputtering yield with length along the wave vector 
direction. (a) A sinusoidal ripple with amplitude h_0=32 nm and wavelength  =275 nm similar to the structure shown in Figure 
1. (b) A triangular faceted structure with height H=76 nm with  _1=105 nm and  _2=170  nm similar to the structure shown in 
Figure. 1(c). The ion incidence angel with respect to the global normal is ?=?60?^0and   is ion impact angle with respect to the 
local normal.

1 1 2Dirtha Sanyal, Mahuya Chakrabarti , Palash Nath , A. Sarkar , 
D. Bhowmick and A. Chakrabarti
1Department of Physics, University of Calcutta,Kolkata 700009, India
2Department of Physics, Bangabasi Morning College, Kolkata 700 009, India

nducing ferromagnetic ordering at room temperature in wide-band gap semiconductors, 
particularly in ZnO and TiO  is very important from their potential application in opto-electronic 2

and magneto-optic devices. 

Room temperature ferromagnetic ordering in 4 MeV 
5+Ar  irradiated TiO2

I
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Room temperature ferromagnetic ordering has been induced in rutile TiO polycrystallinesample after 2 

5+ 5+4 MeV Ar ion irradiation. The Ar  ions were produced in the Electron Cyclotron Resonance (ECR) 
ion-source and accelerated to 100 keV/u in the 3.2 meter long Radio Frequency Quadrupole (RFQ) 

7Linac of the RIB facility at VECC. The sheet resistance of the irradiated sample decreases from 10  
2 3 2ohm/cm  to 3 × 10  ohm/cm . 

Experimental results along with the theoretical calculation, in the frame work of density functional 
theory, clearly show that the presence of oxygen vacancy (V ) in the irradiated sample play the main O

role in inducing ferromagnetism as well as n-type semiconducting nature in the rutile TiO . 2

Fig. 1: (left) Spin polarized density of states calculation for the rutile TiO  with oxygen vacancy; (right) room temperature 2

magnetic hysteresis loop of Ar irradiated TiO .2

1 2 3D. Sanyal, Th. Wolf , M. Chakrabarti  and U. De
1Institut fürFestkörperphysik, Karlsruhe Institute of Technology, D-76021 Karlsruhe, Germany
2Department of Physics, University of Calcutta,Kolkata 700009, India
3Kendriya Vihar, C-4/60, V.I.P. Road, Kolkata 700052, India

uperconducting Ba(Fe0.943Co0.057)2As2 single crystals with Tc(R=0) = 19.5 K (Fig. 1) and 

non-superconducting BaFe2As2 single crystals have been studied by coincidence Doppler 

broadening of positron annihilation radiation line-shape (coincidence DBPARL) down to ~ 14 

K. This appears to be the first reporting of positron probing of any Fe-based superconductor. The 

superconducting sample shows (Fig. 2), on cooling below ~40 K and towards Tc, a sharp decrease of S, 

Positron probing of electron momentum re-
distribution at the superconducting transition in 
Ba(Fe Co ) As  single crystals1-x x 2 2

S
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the line-shape parameter, which gives the fraction of suitably defined low momentum electrons as 

probed by the positrons. No such decrease of S for the non-superconducting sample indicates the effect 

to be induced by superconductivity. The ratio curve analysis of the coincidence DBPARL spectra 

suggests that in the superconducting state the positrons are annihilating less with the 3d electrons of Fe 

and Co and more with the 5s and 4d electrons of Ba. In addition, a novel double measurement of 

coincidence DBPARL for the a-b plane and planes normal to the a-b plane of the single crystalline 

sample shows a nearly isotropic distribution of the lower electron momentum in this Fe-based 

superconductor.

Fig. 1: (left) Temperature dependence of a-b plane electrical resistivity of single crystalline samples of Ba(Fe Co ) As .0.943 0.057 2 2

Fig. 2: (right)Temperature dependent variation of positron annihilation S-parameter (i.e. the fraction of low momentum 
electrons, as detailed in the text) for the non-superconducting BaFe As & superconducting single crystalline 2 2 

Ba(Fe Co ) As samples.0.943 0.057 2 2 

1 2 1Pranab Biswas , Palash Nath , Dirtha Sanyal and Pallab Banerji
1Materials Science Centre, Indian Institute of Technology, Kharagpur 721 302, India
2Department of Physics, University of Calcutta, 92 APC Road, Kolkata 700009, India

-type conductivity in MOCVD grown ZnO has been obtained by thermal diffusion of arsenic 
from semi-insulating GaAs substrate. Ab initio calculations reveal that spin polarized 
magnetization can be induced due to formation of As  or, As -2V  defects (Fig. 1). The induced O Zn Zn

effective magnetization carries a value of 0.725 µB for a unit cell (3×3×3) of ZnO lattice. SQUID 
results also showed that room temperature ferromagnetism has been induced in the sample with a value 
of 0.83 emu/ g (Fig. 2). The XPS results (Fig. 3) indicated that As -2V  complex has been formed, Zn Zn

whereas no signature of As  was found in the spectra. P-type conductivity is possible only if As -2V  O Zn Zn

forms and the film has shown a room temperature ferromagnetic ordering also.

Origin of p-type conductivity in As doped ZnO: 

requirement of ferromagnetic behavior 

P
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Table I. Room temperature carrier concentration, resistivity and charge carrier type of ZnO films grown on semi-insulating 
GaAs by MOCVD.

Samples Annealing temp. Carrier concentration Resistivity Majority Charge
0 -3( C) (cm )* (Ω-cm)* Carrier

18As:ZnO/SI-GaAs 600 1.1 (±0.5) x10 6.84 (±0.83) Hole (p-type)

Spin-polarized calculations in the framework of ab-initio density functional theory have been 
performed to study the magnetic as well as transport properties of As - doped ZnO. Band structure as 
well as spin polarized density of states of pristine ZnO, and Zn O As (As ), Zn O As (As ), 54 53 O 53 54 Zn

Fig. 1: Spin polarized DOS for (a) defect free pristine ZnO; (b) ZnO with As ; (c) ZnO with As ; (d) ZnO with As +V ;O Zn Zn Zn

(e) ZnO with As +2V . (f) Schematic of the relative energy states of different defect inside the ZnO band.Zn Zn

(c) (d)

(f)
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Zn O As (V  + As ) and Zn O As (2V  + 52 54 Zn Zn 51 54 Zn

As ) have been calculated employing DFT to Zn

understand the contributory factors behind the 
conversion of conductivity type. The spin 
polarized density of states in the pristine ZnO, 
ZnO with As ,ZnO with As , ZnO with single O Zn

V , and ZnO with 2V  have been plotted in Fig. Zn Zn

1a, Fig. 1b, Fig. 1c,  Fig. 1d and Fig. 1e 
respectively. From Fig. 1a, it is observed that the 
spin polarized density of states in pristine ZnO is 
symmetric and thus yields zero magnetic 
moment. However, introduction of As in O 
vacancy sites yields a significant magnetic 
moment since in this case there is found to have 
an asymmetric density of states (Fig. 1b). The 
density of states in the system As  in ZnO (Fig. Zn

1c) is found to be symmetric; yielding a zero 
effective magnetism. Similar results obtained 
for As  with single V  where negligible value of Zn Zn

magnetism was found (Fig. 1d)  while addition ,

of two zinc vacancies (V ) in this system Zn

resulted in significant magnetism as reflected in 
Fig.1e.

Figure 2 shows induced magnetization per gram 
as a function of applied magnetic field obtained 
from room temperature SQUID measurements 
after subtracting the substrate effect. The 
saturated value of induced magnetism (M ) was s

calculated to be 0.83 emu/g, whereas in pristine 
ZnO,  no magnetization is found to induce as 
shown in the inset of the figure. The hysteresis 
loop shows a ferromagnetic nature, which is in 
agreement with the theoretical simulation using 
DFT. Both the results indicate that As +2V is Zn Zn

the acceptor complex which was formed after 
the thermal diffusion of As and this complex 
inducing magnetization in the films. Finally we 
shall analyze the chemical nature of the defect 
states in As-doped ZnO by XPS.

XPS core level As 3d spectra is shown in Fig. 3. 
There are two peaks in the spectra which can be 
assigned to elemental As (at 41.7 eV) and As  (at Zn

44.7 eV). Figure 4 shows the narrow scan XPS 
spectra of Zn 2p of the film. Zn 2p3/2 peak 
shows two sub peaks. The peak at binding 
energy 1021.6 eV is due to the Zn atom bonded Fig. 4: X-ray photoelectron spectra of Zn 2p obtained for 

annealed ZnO film.

PROGRESS REPORT 2013

Fig. 3: Core level As 3d XPS spectra of annealed ZnO thin film.

Fig. 2: Room temperature magnetization hysteresis loop of 
annealed ZnO film. Inset shows the magnetic properties of 
pristine ZnO.
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with oxygen in the ZnO lattice. The shoulder peak at binding energy 1023.1 eV is assigned to Zn 
vacancies (V ) in the annealed ZnO film. Thus As  is formed indeed along with Zn vacancy, however, Zn Zn

no signature of As is found.  o

1 1Palash Nath , Dirtha Sanyal and Debnarayan Jana

Department of Physics, University of Calcutta, 92 APC Road, Kolkata 700009, India

resen t  work  repor t s  the  

modifications of band structure 

and density of states of 

graphenenano sheet by substitutional 

co-doping of boron (B) and nitrogen (N) 

in the pristine graphene system. Using 

ab-initio density functional theory 

(DFT) we show that the doping position 

plays an important key role to determine 

the band-gap in the graphene system. 

Co-doping of B and N at different sub 

lattice positions in the planar graphene 

s t r u c t u r e ,  r e s u l t s ,  d i f f e r e n t  

modifications in the band structure and 

density of states (DOS). The present 

calculations also have estimated a 

maximum value of 0.38 eV band 

gap at the Dirac point for the B – N 

co-doped graphene. By choosing 

the position of the substituted 

atom in the two dimensional 

graphene structure (Fig. 1) the 

present work indicates that the 

semi metallic graphene becomes 

semiconductor with a finite value 

of band gap (Fig. 2) only when the 

B and N have been substituted in 

different sublattice positions pair 

Semi-metallic to semiconducting transition in 
graphenenano sheet with site specific co-doping of 
Boron and Nitrogen

P

Fig. 1: Different configurations of substitutional B-N co doped pristine 
graphene system. Blue & orange represent N and B atoms respectively. 
Each system is doped with single nitrogen and single boron for a 
particular simulation. The position of B atom has been changed through 
the points P, C, C1, D, D1….etc. The C, D, E, F,…etc position of B atom 
are same sub-lattice position with respect to N atom whereas other 
doping positions of B atom are different sub-lattice position with respect 
to N atom.

Fig. 2: (right)Density of states (DOS) for four different doped system about
the Fermi level (E )F
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wise (non-equivalent positions), but for same sublattice relative position (equivalent position) the 

systems do not show any band gap opening. The results of binding energy also confirm that when N and 

B atoms are placed by nearest neighbor it gives the stable configuration than the other doped 

configurations. 

Prasanta Karmakar, Sampa Bhattacharjee, D. Lavanya Kumar and 
V. Naik

he simultaneous deposition 

of small amount of impurity 

atoms during ion beam 

erosion of surface has a tremendous 

i n f l u e n c e  o n  s e l f - o rg a n i z e d  

nanopattern formation [1]. We have 

installed an electron beam evaporator 

in the UHV target chamber for in situ 

deposi t ion of  atoms (Fig.1) .  

Controlled deposition of Mo atoms 
+during 10 keVAr  ion bombardment at 

normal incidence on Si (100) leads to 

the formation of coexisted nano ripple 

and dot patterns (Fig. 2). This type of 

pattern formation is due to the non-

uniform silicide formation by the 

deposited atoms.

Reference

[1] H. Hofsass, K. Zhang, A. Pape, O. 
Bobes, Appl. Phys. A 111, 653 (2013)

Role of in situ e-beam vapor deposited contamination 
on the ion induced nano patterns

T

Fig. 1:  Mini electron beam evaporator installed in the UHV chamber for 
ultra-thin film deposition. 

Fig. 2: Atomic Force Micrograph of Si surface after simultaneous Ar ion 
sputtering. 
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Sintering and grain growth kinetics in undoped and 

silica doped zinc oxide ceramics

Tapatee Kundu Roy

ilatometric sintering and grain growth kinetics of undoped and silica doped (0 to 6wt% 

respectively) zinc oxide samples have been studied. Silica (SiO ) as a dopant changes the 2

sintering behavior of zinc oxide (ZnO) ceramics by increasing the apparent activation energy 

of sintering and changing densification mechanism at the initial stage. At the same time, SiO  addition 2

restricts the grain growth of ZnO compacts by influencing the mechanism and activation energy of the 

process. 

Sintering study

In the constant rate of heating (CRH) method, the sample temperature is increased at a constant rate 

(dT/dt = constant) to determine the amount of shrinkage that occurs as a function of temperature. The 

equation which applies to this condition is derived from the general isothermal initial-stage sintering 

[1] is

(1)

2where 'a'= rate of heating (dT/dt) and the sintering mechanism n = [1/(m+1)]. Thus a plot of T dy/dT 

against 'y' should give a straight line with slope containing nQ value. The plot may be of a single 

straight line where only one mechanism is occurring. In cases it may have two or more straight lines 

existing over different temperature ranges, where each line denotes a single mechanism with a definite 
2value of rate controlling parameters, Q and n. A typical plot showing the variation of T dy/dT  vs  'y' for 

2 wt% SiO  doped ZnO sample is shown in Fig. 1. From the figure, it can be found that the slope 2

obtained at the low-temperature range 

was different from the same obtained at 

the high-temperature range. The 

situation can be viewed as two straight 

lines intersecting at a break point. The 

temperature corresponding to this break 

point is found to be ~ 1290 K for this 

sample. This temperature also 

corresponds to the formation of zinc 

silicate phase. In the Modified Dorn [2] 

method, the changed rate of shrinkage 

during small isothermal step change in 

heating is used to determine activation 

energy, Q. The activation energy and 

t h e  c o r r e s p o n d i n g  s i n t e r i n g  

mechanisms in various temperature 

ranges for the undoped and SiO  doped 2

samples is presented in Table 1. 

D

2

( 1)

dy aQ
T y

dt m R

 
= + 

Fig. 1: A typical plot showing the CRH shrinkage data.
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( )0 0ln ln ln lnn n E
G G D t T
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Fig.2: lnGvs (1/T) plot for SiO  doped samples.2

PROGRESS REPORT 2013

Table 1: The value of Activation energy (Q) and possible sintering mechanisms

Sample Temperature (K) 'Q' value 'nQ' value 'n' value Possible sintering mechanism

Undoped ZnO >1005 330 83 0.25 Grain boundary diffusion

ZnO-2 wt% SiO <1290 515 172 0.33 Grain boundary diffusion2

535 0.32 

>1290 480 418 0.87 Liquid phase sintering

390 1.07

ZnO-4 wt% SiO 1230 - 1290 635 544 0.9 Liquid phase sintering2

580 0.94

>1290 460 Continuous

380 change in slope

ZnO-6 wt% SiO 1250 - 1270 1210 1062 0.9 Liquid phase sintering2

1270 - 1303 675 625 0.93 Liquid phase sintering

≥ 1325 455 Continuous

change in slope

Non-isothermal grain growth

The isochronous (at constant holding times) grain growth kinetic equation can be written according to 
the general form of growth equations [3]:

(3)

Where G  is the starting grain size for the actual mechanism, G is the average grain size at a temperature o

T during time t, n is the grain growth exponent, D  is diffusion constant of the slowest ion, ∆E is the o

change in activation energy in the process and R is the gas constant. The continuous slope of the graph 
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(Fig. 2) confirms the presence of a single 
growth mechanism during this heating 
range. The ∆E values are calculated 
from the slope of the plot.

It  has been observed that the 

densification kinetics of the ZnO 

ceramics is highly influenced by SiO  2

doping. For SiO  doped samples, 2

activation energy of sintering increases 

(with silica content) which retard 

densification of ZnO ceramics. 

However, the decrease in activation 

energy above 1290 K in these samples is 

related to zinc silicate phase formation. 

The sintering mechanism is found to be 

governed by grain boundary diffusion 

followed by liquid phase sintering 

(above 1290 K) in the SiO  doped ZnO system, whereas in case of undoped ZnO, grain boundary 2

diffusion was found to be responsible for densification at the initial stage of sintering (within 5% 

shrinkage). A substantial amount of grain growth occurs in ZnO samples. Effect of SiO  content on 2

inhibition of grain growth was found to be associated to the increase in activation energy in the doped 
-1ZnO system. For SiO  doped samples the activation energy of grain growth is 540±20 kJ mol , much 2

-1higher than 210±60 kJ mol  of the undoped ZnO samples. 

References

[1] L. Woolfrey, M. J. Bannister, J. Am. Ceram. Soc. 55 (1972) 390–394.

[2] J. J. Bacmann and G. Cizeron, J. Am. Ceram. Soc., 51 (1968) 209-212.

[3] M.A.C.G Van de Gruff, J.H.H. Termaat, A.J. Burggraaf, J. Mater. Sci. 20 (1985)1407–1418.

Tapatee Kundu Roy

he varistors are semi conducting devices with variable resistance depending on the voltage 

applied. The voltage level at which the electric current passing through the varistors sharply 

increases is called the breakdown voltage (E ). E  in ceramic varistor material [1-2] is inversely b b

proportional to grain size. The idea of a high performing device is to reduce the grain size and weight.  

In the present study, zinc oxide (ZnO) based varistors were prepared by adding various oxides viz. 

V O , MnO , Nb O  in different proportions with ZnO.  These samples were sintered within the 2 5 2 2 5

Effect of sintering temperature on ZnOvaristors

T

Fig.3: Activation energy for SiO  doped samples.2
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otemperature range of 900 to 1350 C. The sample gets densified to better than 97 % TD even when 
osintered at a reasonably low temperature of 900 C. Density varies from 97 to > 99 % theoretical density 

(TD) for the entire temperature range of the present study. The microstructure of the sample sintered at 
o950 C (Fig. 1a) show an arrangement of grains representing the final stage of sintering. The sample gets 

odensified to ~ 98% TD in this case. As the temperature of sintering increases from 950 C, the 

microstructure revealed the presence of more developed grain structure with second phases evolving at 
othe grain boundaries. A sample sintered at 1150 C represents a well-developed grain structure with 

second phases as shown in Fig. 1(b). It is observed that grains are of much bigger sizes compared to the 
ograins present in the previous figure (Fig. 1a) where the sample is sintered at 950 C. This indicates 

occurrence of grain growth phenomenon after complete densification process. On sintering further to 
ohigher temperature more than 1300 C the microstructure shows (Fig. 1c) grains of much bigger sizes. A 

network of second phase is prevalent at the boundaries and junction points surrounding the grains. The 

non-uniformity in grain size was prominent with increase in sintering temperature. Table 1 shows the 

density and grain size of ZnOvaristors sintered at different temperatures.

oFig. 1: SEM images of varistor samples sintered at (a) 950, (b) 1150 and (c) 1350 C.

Table 1: Density and grain size of the sintered varistors

Sintering Fractional Average grain Sintering Fractional Average grain

Temperature density size (from Temperature density size (from
o o( C)  SEM)(micron) ( C) SEM)(micron)

1000 0.978 8.21 1200 0.99 27.2

1050 0.980 9.34 1250 0.992 35.92

1100 0.982 10.79 1300 0.995 37.55

1150 0.984 19.78 1350 0.998 45.21

References
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Progress in laser nuclear spectroscopy program for the 
RIB project at VECC

Ayan Ray, Md. Sabir Ali, Arup Bandyopadhyay, Vaishali Naik and
Alok Chakrabarti

he ongoing Laser Nuclear Spectroscopy program under the umbrella of RIB project is primarily 
aimed at online detection and extraction of spectroscopic data on rare ion beams to be used to 
extract information about the nucleus of the sample. The three pronged program is divided into 

branches:(i) co-linear laser spectroscopy, (ii) resonant ionization spectroscopy (RIS) and (iii) trap 
based experiments. Currently the program is driven towards commissioning of a collinear laser 
spectrometer (centered on the existing ISOL facility) and spectroscopic investigation in search of a 
suitable multi-photon resonance ionization scheme for alkali atom. It may be noted that alkali atom is 
chosen as candidate for RIS demonstration because the energy levels are well studied and lasers are 
easily available.   

Collinear Laser Spectroscopy

The collinear laser spectroscopy set up is ready and on the verge of commissioning (off-line). The 
-6spectrometer beam line is ready to be used with a vacuum level of ~10 mBar. The charge exchange cell 

(CEC) is tested under repeated heating-cooling cycles and the vacuum level is retained. This is done to 
ensure the agility of the system towards vacuum because under actual operation the CEC will go 
through multiple prolonged cycles of heating and cooling. A LCW line with proper flow control system 
is designed  and installed for cooling of CEC.

The photomultiplier tube (PMT) based detection system, which will be used to detect fluorescence due 
to laser-atom/ion interaction, has been tested in a dummy setup. The dry test is conducted with emission 

of blue light for spontaneous decay 5S ←6P  for 87Rb atom and the test is successful.1/2 3/2

The surface ionization source (at the entrance of the ISOL beam line; ref: A. Bandyopadhyay et al., 
NIM A, 562 (2006) 41-47) is brought back to life. For this purpose the old power supplies are either 
replaced with new ones or revamped. The mechanical assembly of the ion source is being partly 
modified/rectified to attain better performance level. The ion source is also tested with power supplies 
to check the electrical insulation/connection of the same.

Resonance Ionization Spectroscopy

The RIS in an indispensable part of the ongoing program where efforts are directed towards 
demonstration of a RIS setup using alkali atom (here Rb). For this purpose laser spectroscopy 

experiments are conducted using 5S →5P →5D (5D ) levels, which form a cascade (Ξ) scheme. At 1/2 3/2 5/2 3/2

the initial stage experiments are conducted to explore coherence in two-photon transition under the 
framework of quantum optics. These experiments involve detailed investigation of Double Resonance 
Optical Pumping, Electromagnetically Induced Transparency, Two Photon Absorption, coherence 
control of the atom-light medium etc. All these knowledge will come handy during actual 
implementation of RIS. Further the ionization of Rb needs excitation of atoms from 5D (5D ) state to 5/2 3/2

either auto-ionizing/Rydberg states. A scheme for studying the Rydberg level spectroscopy has been 
finalized where a third laser will be used to raise atoms to nS-nD Rydberg states from 6P  level. The 3/2

complete system (with inclusion of field ionization) will mimic a three photon resonance ionization 
scheme for Rb atom. Same level scheme will be used in first demonstration of RIS.

T
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Devlopment of RFQ beam bunch length measurement 
system

H. K. Pandey, S. Dechoudhury, D. P. Dutta, T. K. Mandi, D. Sanyal, 
D. Bhowmick  and A. Chakrabarti

unch length detector system for measurement of bunch width of beam accelerated by a Radio 
Frequency Quadrupole  (RFQ) linear  accelerator, which is the first post-accelerator of the 
upcoming Radio Active Ion Beam facility (RIB) at VECC, is presently being developed. This 

detector system is based on emitted secondary electrons 
produced by a primary ion beam hitting a thin tungsten wire 
placed in the beam path. One of the main components of the 
detector system is a RF deflector cavity which would deflect 

electrons in correlation 
with rf phase of the 
accelerator. RF deflector 
cavity resonates at the same 
frequency as of RFQ (37.8 
MHz). This cavity is 

λ/2semi lumped resonator. 

It has two plates in the 
combination of a coaxial 
quarter wave resonator. 
Depending on phase lag 
inser ted between RF 
d e f l e c t o r  a n d  R F Q ,  
deflecting electric field are 
created on the plates. The 
length of semi lumped 
resonator is reduced up to 

70% compare to distributed type λ/2resonator. The cavity has been constructed (shown in Fig. 1) and 

tested for low rf power. The measured unloaded Q- value of resonator is 1078 which is about 77% of 
simulated result. The measured 
frequency of the cavity in tuned 
condition is 37.801 MHz.

The electric field (Ez) along the beam 
axis has been measured using bead-pull 
technique which is shown in Fig. 2. The 
shunt impedance measurement has been 
done using capacitance variation 
method. In this method, a dielectric 
sheet is inserted in between the deflector 
plates of resonator and frequency 
variations are noted. Using  R/Q = 

B

Fig. 1: Assembled Deflector cavity with deflector electrodes. 

Fig. 2: Ez measurement using bead pull technique.
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(2/ω)*(dω/dC), the shunt impedance (R) 

is found to be 5.14 KΩ and the power 

needed to develop the maximum voltage 
of 1.5 kV between the deflector plates is 
220W. Depending on the phase lag 
between the RF deflector and RFQ, 
electrons will be deflected after the plates 
and would be counted in a channeltron or a 
Multi-Channel Plate (MCP) after a small 
slit. In principle we would achieve 
variation of electron counts with phase 
lag. Counters such as MCP/ Channeltron 
have good amplification factor for the 
electrons, thus are efficient for low beam 
currents induced secondary electron 

emission. This will be advantageous especially in case of Radio Active Ion beams which are produced 
in lower intensity. MCP have been tested in an off line setup with heated tungsten filament as electron 
source (shown in Figure 3). Linearity has been observed with the counts from MCP with the heating 
current of the filament. Entire set-up with deflector cavity and MCP has been assembled in the beam 
line after RFQ. Test with heavy ion stable beam from RFQ have been planned in near future.

S. Dechoudhury, H. K. Pandey, D. P. Dutta, V. Naik,
1 1A. Chakrabarti, Y. C. Chao  and R. E. Laxdal

1TRIUMF, 4004 Wesbrook Mall, Vancouver B.C V6T 2A3, Canada

he upcoming electron injector facility jointly developed by VECC and TRIUMF comprises a 

100 kV dc thermionic electron gun with gridded cathode modulated at 650 MHz, a room 

temperature 1.3 GHz buncher, low energy beam transport line and two cryo-modules – capture  

cryo-module (CCM) and injector cryo-module (ICM) that respectively house two single-cell and one 

9-cell beta=1, 1.3 GHz niobium elliptical cavities.The RF power coupler introduces asymmetry in 

field profile of elliptical cavity, as shown in Fig. 1. This will introduce transverse kick to input electron 

beam resulting in emittance growth in transverse direction. Estimation of such effects has been carried 

out by analytical calculations and particle tracking using 3D simulated fields for the cavities with 

coupler. The position and penetration depth of the coupler has been optimised allowing reflection less 

operation of the cavity with 2 mA electron beam. In case of low energy β < 1 analytical calculation 

should take into account the gradual change in electron  velocity and  off axis trajectory due to kick as it 

traverses through the cavity (shown in Fig. 2). Such formalism resulted in kick close to the value 

Coupler induced transverse kick and emittance 
growth in single cell elliptical cavities of 10 MeV 
superconducting electron linac injector

T

Fig. 3: MCP calibration set-up.
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simulated by particle tracking method. 

Finite bunch width of input beam 

induces transverse emittance growth as 

different parts of the beam would 

experience different kick depending on 

the time of arrival and phase of cavity.

Analytical formula for emittance 

growth only gives a rough estimate of 

expected emittance growth. Computer 

simulation with a 3D field distribution 

would provide a more precise 

emittance growth.Kick and emittance 

values have been calculated for two sets 

of phases where first single cell cavity 

is in acceleration mode while second 

cavity is in accelerating mode in first 

set and in bunching phase for the 

second set. Kick is more for the set with 

second cavity operating in bunching 

phase. In case when the final energy 

after the CCM is less, kick induced is 

more for obvious reasons. Normalised 

RMS emittance growths in the CCM 

are 2% and 4% for first and second set 

of phases respectively which does not 

induce appreciable change to the 

emittance values at 10 MeV. In terms of 

transverse kick and normalised 

emittance growth induced by the 

coupler, both cavities in accelerating 

phase perform better which is quite 

obvious.

H. K. Pandey, D. P. Dutta, S. Dechoudhury, V. Naik and A. Chakrabarti

n the first phase of the superconducting electron linac project a 10 MeV Injector is being developed 
at VECC. The Injector consists of a 100 kV dc thermionic gun, a 1.3 GHz buncher, a capture cryo 

EM simulation for capture cryo module (CCM) cavity 
and optimization of RF power coupler

I

Fig. 1: (a) CST simulation of single-cell cavity with 2.5 mm coupler 
penetration depth (b) variation of transverse Ex and Byfields along the 
CCM cavities with and without coupler.

Fig. 2: Transverse on axis and off axis field seen by electron in the 
capture cavities, solving longitudinal equation of motion for cavity 
phases φ = -0.830 & φ = 1.980. Fieldsimulated by particle tracking 1 2

software [GPT] is also shown for comparison.
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module (CCM) and an injector cryo-
module (ICM). The 100 keV, 16 pC (10 
mA) bunched electron beam is 
accelerated to about 400 keV in the 
CCM and finally to 10 MeV in the ICM. 
The CCM consists of two beta=1, 1.3 
GHz, 1-cell niobium cavities (CC-1 and 
CC-2) whereas the ICM has one 9-cell 
niobium cavity. A coaxial TTF-III power 
coupler is chosen for power coupling 
into each capture cavity. Figure 1 shows 
the single cell capture cavity (CC) of 
CCM together with antenna of the TTF-
III coupler.

The coupler position and penetration 
depth have to be optimized in order to 
ensure efficient power coupling to the 
beam. Variable coupling strength can be 
obtained by varying the penetration 
depth of the inner conductor of coupler 
by ±5 mm in TTF-III couplers. Eigen 
mode simulation of single cell cavity for 
EM characterization and optimization of 
the position and coupler penetration as 
per desired Qext has been carried out 
using CST Microwave Studio. In Fig.-1 
the coupler is in positive y direction; 
whereas z is the direction of the beam 

propagation. The variation in Qext with the coupler position and the inner conductor penetration depth 
(t), with respect to the beam pipe surface, is shown in Fig.-2. The plots conclude that the closer the 
coupler is to the cavity and the deeper the penetration depth of the inner conductor in the cavity, the 
smaller is 

The strength of the coupling between cavity and high power input source through coupler is 

represented by Q external value (Qext).  It also represents the electromagnetic coupling between 

Fig. 1: Capture cavity together with TTF-III coupler.

Fig. 2: Variation of Qext with penetration depth (t) of central
conductor of coupler.

Fig. 3: Coupling variation and required RF power for different beam currents.
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resonance mode of cavity and transmission mode 

of coupler. The generator power (Pgen) is the 

combination of beam power (Pb ) and power in 

cavity (Pc). When the beam is not present or 

unequal to the design value, there will be reflected 

power. In that case the generated power must rise so 

that the cavity voltage is maintained. The input 

coupling may be adjusted to minimize the 

generator power and reflections according to the 

desired beam current. Figure 2 shows the Qext and 

required Pgen with different beam currents. The 

plots are shown for two cases – for unloaded cavity 

and when cavity is loaded for 100 Hz bandwidth.

The power coupler of CCM introduces transverse 

electric and magnetic fields on the cavity axis and 

results in the transverse kick to the beam passing 

the coupler. Using these fields the deflection 

parameters are obtained for beam kick calculation. 

Figure 3(a) shows the longitudinal Ez field on beam 

axis while Figure 3(b) and Figure 3(c) are the 

transverse electric and magnetic fields Ey and Hx 

on beam axis due to coupler.

The EM simulation for single cell cavities of the 

capture cryo-module has been done. The position 

of coupler and value of Qext has been optimized.  

The longitudinal Ez field on beam axis of the 

cavities and transverse Ey and Hx fields due to 

coupler perturbation have been calculated for use 

as input to the numerical evolution of beam kick. 

Debasis Bhowmick, Siddhartha Dechoudhury and Alok Chakrabarti

n order to complement the present ISOL technique of producing p-rich nuclei, an initiative has 

already been taken to produce RI beam, mostly n-rich by Bremsstrahlung induced fission of 

Simulation studies on production of RIB through 
photo-fission at VECC

I

Fig. 4: The longitudinal Ez field and coupler induced 
transverse fields along the beam axis.
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uranium using high power electron LINAC 

as driver accelerator. To get an estimation 

of intensity of RI beam, we have calculated 

first the forward peaked gamma-ray yield 
2(d Y/dk dΩ) in a Ta/W converter and is 

plotted as a function of Photon energy 

(MeV) for different electron energy as 20, 

30, 40, and 50 MeV for target thickness of 
25.8 gm/cm  as shown in Fig.1 and then 

estimating number of photons lie in the 

GDR energy window (Fig.2), we are in 

process of optimizing the length of the 

target. 

We have also plotted the product σ N  for γγ

the entire photon energy range. The plot of 

σ N  for different electron energy is shown γγ

in Fig.3. More the electron energy more is 

the Σσ N  , as shown in the bracket. γ γ

However, there is a saturation, which is 

evident, if one compares the difference of 

area between E = 50 & 45 with E = 45 & 35 e e

and E = 35 & 25. Therefore, E  going e e

beyond 45 MeV is not much of use. 

Moreover, power handling of the Fission 

target will be more difficult.

Here we need to mention that, we intend to 

use our concept of composite thick target to 

efficiently manage the thermal load of 100 

KW. Preliminary calculation shows that 

the concept of enhancing the surface to 

volume ratio can be a good solution. Detail 

design concept analysis using FLUKA 

&ANSYS simulation is on the way.

Fig.1

Fig.3 

Fig.2
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Estimation of Neutron and Gamma activities from 

thick targets for RIB production at high beam power

Design activities of capture CryoModule for 
superconducting electron linac at VECC

Debasis Bhowmick, Tapas Bandyopadhyay, Sujoy Chatterjee and 
Alok Chakrabarti

t is proposed to produce radioactive species using accelerator beam: alpha/proton on various 
specially prepared targets inside the vault of K-130 cyclotron. Consequently, these radioactive 
isotopes will be transported to the proposed facility, separated and post accelerated in the adjacent 

caves. Therefore, an effort was given to estimate the radiation hazard by calculating neutron and 
gamma activities, in order to ensure a full proof radiological safety measures. Four different areas were 
considered for the estimation:

A) 40 MeV α  on Tantalum target with a radius of 5.0 mm with a thickness of 5.0 mm 

B) 40 MeV α on Thorium target with a radius 5.0 mm and 5.0 mm in thickness.

C) HR Cave I for housing 10 MeV, 100 µA e-LINAC, temporarily for testing,

D) Annex building for post acceleration as well as secondary nuclear reactions for various  
Nuclear physics experiments by the users

Irradiation time of 72 hours were considered and post irradiation hazard estimation was done for 0, 3, 5 
and 8 hrs. The target was placed inside a SS box of dimension 13.24 cm x 13.24 cm x 28.48 cm having 
SS thickness of 1.0 cm. The target assembly was placed inside the machine vault towards the east side 
away from the separating concrete wall between the vault and experimental cave. The distance 
between the target and the vault wall is 265 cm. For e-LINAC case, we have considered interaction of 8 
MeV photon with SS (50 cm) and dose rate of neutron are calculated outside the SS shielding.  A 
simulation code of the scenario was created using FLUKA 2011 version 2.15, where, FLUKA is a 
multi-purpose radiation transport code.

Manas Mondal, Subrata Saha, Siddhartha Ghosh, Vaishali Naik, 
Anjan Duttagupta and Alok Chakrabarti

he 10 MeV injector for VECC's superconducting electron linac comprises of a 100 kV dc 
thermionic electron gun, a 1.3 GHz room temperature buncher, low energy beam transport 
(LEBT) line, a Capture Cryo Module (CCM) consisting of two 1-cell niobium beta=1, 1.3 GHz 

elliptical cavities and an injector cryo-module (ICM) which will house one 9-cell, 1.3GHz niobium 

I

T
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cavity. The CCM is a unique feature in the VECC injector. It will pre-accelerate the beam from the gun 
to around 400 keV before injection in the ICM and also at the same time will give the VECC team first 
hands-on experience in development of such a cryo-module. In the CCM design activity, the following 
analyses have been completed to finalise the design.

A primary thermal analysis has been carried out to optimize the cryogenic requirements. Heat loads to 
the 2K and 4K regions are reduced by minimizing radiation, convection and conduction heat transfer. 
The radiation load is reduced by providing super insulations (MLI) on LN  cooled thermal shield and 2

4K helium bath. An optimized calculation shows that 30 layers of MLI on LN  shield and 10 layers of 2

2 2MLI on LHe baths correspond to 0.46 W/m  and 0.009 W/m  heat fluxes respectively. The heat flux due 
to gas conduction in continuum, transition and free molecular regimes has been calculated and it 

-5represents that vacuum should be maintained 10  mbar range at outer chamber to achieve the heat flux 
-2 2below 10  W/m  to LHe baths. Moreover, heat is conducted to LHe baths from ambient through piping, 

supports, thermal intercepts to beam line and couplers. All types of heat transfer through different 
components have been estimated. The estimated head loads are 5.5 W@ 2K, 15 W@ 4.2K and 51 W @ 
77 K.  At steady state for 2K and 4K system, 0.85 kg/h and 3.4 kg/h He flow rate will be required 
respectively. To keep cool the thermal shield at about 80 K 30.6 kg/h LN2 flow will be required to be 
maintained.

Fig. 1: Layout of the Capture Cryo Module (CCM).

Transient thermal analysis of 80K liquid Nitrogen thermal shield has been done to evaluate the thermal 
stress generating during cool down and temperature distribution after thermal stabilization. The cool 
down CCM will be carried out into three steps to minimize the thermal stress developed in copper 
radiation shield and get rid of Q diseases of the Niobium cavity. 
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In the first stage of cool down from 300 K to around 150 K, the cool down rate will be maintained at less 

than 10K/hr by controlling the flow of LN2 in the radiation shield. Cold mass at 4K will be cooled by 

radiation exchange between cold mass assembly and shield. The second stage of cool down from 150 K 

to 60 K will be performed within 1 to ½ hr time to get rid of Q disease phenomena and it will be done by 

controlling the pouring rate of  LHe in to helium circuit. In the final stage of cool down from 60 K to 2 

K, the cooling rate is maintained at 0.4 K/hr by maintaining the flow of LHe and later on super fluid 

helium in LHe circuit. This radiation shield divided into three parts; upper, lower and middle portions. 

The middle part is cooled by liquid nitrogen flowing through the rectangular hollow channel brazed to 

it and it is also supported by four stainless steel strings from the vacuum vessel. The upper and lower 

part of the shield is attached to the middle one and is cooled by conduction cooling. 

Fig. 2: Stabilized temperature distribution in shield and cold mass.

There are number of 77 K heat intercepts at supporting posts, RF couplers, tuners and warm to cold 

transitions. All these intercepts are thermally connected to the radiation shield by copper thermal 

breads. A model of entire radiation shield has been analyzed in ANSYS to find out the steady state 

temperature distribution after cool 

down. In the analysis, radiation heat 

load from 300 vacuum vessel and heat 

loads from different 77K intercepts are 

considered as input parameters. There 

is a maximum temperature difference 

of 20K in the whole radiation shield 

assembly.

In the CCM, the entire cold mass is 

supported by two support posts. G-10 

has been chosen for support post 

material as among all feasible materials 

for cryogenic application, G-10 has 

highest yield strength and thermal 

conductivity ratio which ensures 

higher structural strength and lower Fig. 3: Sectional view of support post.
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thermal leakage to cold mass. The 

support post is made of a single thin 

walled G-10 tube with two S.S. 304 end 

flanges for fixing and one intermediate 

flange for 77 K thermal intercept.  

ANSYS simulation has been done to 

check the structural stability for 

buckling under compressive load of 16 

kN with an eccentricity of 117mm due 

to tuning force. The analysis shows 

posts are structurally stable under 

compression loading with a factor of 

safety of 2.58. A thermal analysis also 

indicates that with optimized 77 K 

intercept position, the heat loads to LN  2

and LHe junctions are 0.85 W and 0.3 

W respectively which are within the 

acceptable limit.

Vacuum vessel of CCM is very much 

like an octagonal shape in cross section 

with an overall dimension of 1.62m(l) x 

0.96m(w) x 1.15m(h). It comprises of 

upper and lower halves with many ports 

and openings for easy assembly and 

better in-situ accessibility to the cold 

mass. 

The vessel is made of 1 inch thick S.S. 

304 plates. Under normal operation, it 

will be subjected to 1 atm external 

pressure, 4 kN reaction force at each 

tuner port flange and total weight of 

cold mass assembly. A static structural 

and buckling analysis have been carried 

out to check the integrity of the vessel. 

The maxima stress and deformation 

induced in static analysis are 49 MPa 

and0.3mm within allowable limit and 

the load multiplier in the linear 

buckling is more than 300.

Fig. 4: Buckling analysis of Support post in ANSYS.

Fig. 6: Deformation in Static Structural analysis.

Fig. 5: 3-D model of CCM Vacuum vessel.
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Development and assembly of ICM at TRIUMF

1 1Anjan Dutta Gupta, Biswanath Manna, R.E. Laxdal , N. Mayer
1and N. Muller

1TRIUMF, 4004 Wesbrook Mall, Vancouver B.C V6T 2A3, Canada

or the 10 MeV injector of superconducting electron linac at VECC, the electron gun, LEBT (low 
energy beam transport) line and CCM (capture cryo module) will be indigenously made in 
Indian industry whereas the ICM (injector cryo module) is being built at TRIUMF. A test area 

has been set-up at TRIUMF for testing the ICM. Two ICM will be built and tested at TRIUMF, one for 
each institute. 

The assembly of various components of 
ICM has progressed significantly at 
TRIUMF and VECC engineers, the 
authors of this report, have participated 
in the task. The assembly of ICM along 
with its sub-systems was done in a 
sequential way. The hermetic unit 
assembly (consisting of  one 9-cell 
Niobium cavity, worm cold transition, 
power couplers, HOM sensors, 
isolating valves etc.), worm and cold 
tuner, wire position monitor, strong 
back unit, LN2 thermal shield, thermal 
and level sensors and final assembly 
with vacuum tank was completed. The 
assembly procedure also included step 
by step cleaning (BCP/ultrasonic 
cleaning/high pressure rinsing), 
alignment by LASER Tracker and 
optical instruments, vacuum testing by 
MSLD, cold and worm RF testing, 
testing of sensors and checking with 
acceptance criteria for each critical 
units. Hermetic unit, assembled and 
tested in clean room (class-10), 
includes assembly of jacketed 9-cell 
cavity, WCT for tuner and coupler end, 
power couplers and isolation valve. 
After assembly, vacuum testing and 
installation of sensors were done.

Alignment of hermetic unit (Fig. 1) 
with final lid assembly, alignment of 
strong back & WPM was done with the 

F

Fig. 1: Jacketed cavity alignment.

Fig. 2: ICM assembly in progress.
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help of LASER tracker and optical instruments. A set of special assembly jigs and testing set-ups were 
developed and used for assembly, testing, alignment and maneuvering of components of Injector 
Cryomodule individually and ICM as a whole. 

Multilayer Insulations (Fig. 2) were wrapped on all of the concerned surfaces to reduce heat load to the 
Hermetic unit. Mock assembly of jacketed 9-cell cavity with vacuum tank followed by vacuum testing 
of all concerned demountable joints was done to ensure vacuum integrity of all demountable 
joints.Beside this, development of low temperature baking set up for 9-cell cavity, development of 
etching set-up for 9-cell Cavity, frequency testing and stiffness testing of jacketed cavity is under 
process.

M. Ahammed, S. Ghosh, S. Saha, S.K. Singh, B. Hembram,
S. Biswas, N. Mandal, S. Sur, A. Dutta Gupta, M. Mondal,
T.K. Bhattacharya, S. Pal, R. C. Yadav and G. Pal 

esign and development 
o f  t h e  i n j e c t o r  
cryomodule (ICM) for 

the superconducting electron 
l i n a c  i s  u n d e r w a y  i n  
collaboration with TRIUMF. The 
ICM consists of superconducting 
niobium (Nb) elliptical cavities 
that would be operating at 2K 
temperature. Liquid helium 
(LHe) at 4K temperature, 
supplied from the liquid helium 
(LHe) plant needs to be 
converted to LHe at  2K 
temperature and the same is 
supplied and circulated in the 
LHe jacketed Nb cavities where 
2K LHe bath is to be maintained. 
The 4K to 2K conversion of LHe 
is done inside the cryo-module 
by a 4K-2K sub-assembly. The 
red out-line in Fig. 1 shows the 
schematic layout of the 4K-2K 
cryo-insert in the injector cryo-
module.

Fabrication of 4K-2K cryoinsert test setup for ICM of 
superconducting e-linac

D

Fig. 1: Position of 4K-2K insert in the ICM (highlighted with red rectangular 
bracket).
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At VECC we are constructing a 4K-2K test setup for gaining hands on experience and for validating 
cryogenic circuitries to produce and deliver 2K liquid helium to ICM. The set up will be used for 
evaluating the effectiveness of the conversion of the 4K liquid helium (LHe) to 2K superfluid helium,  
the overall performance of the cryogenic layout and  thermosyphon circuits designed for ICM. 

Equipment selection is usually carried out theoretically using process software. The test-set up consists 
of LHe reservoirs, cryostat chamber, heat exchanger, Joule Thomson(JT) Valve and thermosyphon 
circuit etc.  Design of all the components for the 4K-2K test set up including design of heat exchanger, 
selection of pump and JT valve have also been carried out. This paper will discuss on the design and 
analysis work that have been carried out for this setup.

Fabrication status

Following the design of the complete system, fabrication of the individual components has been started 
at VECC workshop. To gain confidence in designing and fabricating some of the critical components 
like helium heat exchanger and feed-through type of joint of helium heater, prototypes have been 
manufactured tested successfully for cryo-shock, pressure and helium leak test before starting the final 
manufacturing of the system. 

Machining of all the components has already been completed in VECC workshop. Welding and 

soldering has been performed to finish some of the sub-assembly like: 4K and 2K phase separators, 

thermosyphon loops, LN2 cooled radiation shield assembly, elliptical vacuum chamber, top flange, 

and support structure for the final assembly. Approximately 36 meters of cryogenic grade welding and 

4 meters of cryogenic grade soldering have been performed and tested successfully. Out of this 36 

meters weld, 14 meter will experience 2K temperature superfluid helium. There are some 

dismountable 2K joints and some of them are of dissimilar materials(SS and Copper). Cryogenic grade 

welding of 0.25 mm thick tubes of the helium heat exchanger has been performed. Ingenuity has been 

applied in terms of maneuvering welding torch, nozzle  and setting up of the current so that welding of 

such thin tubes of 139 in numbers and separated by only 4.75 mm is possible using conventional 

welding  in-house facility of VECC. All the welding including cryogenic grade has been tested 
-9 -9successfully before and after the cryoshock test with leak rate less 7×10  mbar.lit/s and 6×10  

Fig. 2: Some components of the 4K-2K set-up. (a) 4K Phase separator (b) hydraulic Pressure test of  2K phase separator (c) 
elliptical top flange (d) vacuum chamber (e)prototype He heat exchanger (5:1) (f) LN2 cooled radiation shield.
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mbar.lit/s respectively. Cryostat is being fabricated in Indian industry and will be tested soon at 

vendor's site. Final assembly of the 4K-2K cryo-insert is expected by early 2014. Some picture below 

(Fig. 2) show the various components during fabrication progress.

A. Bandyopadhyay, H. K. Pandey, T. K. Mandi, Subhasish Basak, 
D. P. Dutta, Jitendra Kumar, Nitin Madokar and P. K. 
Bhattacharjee

he RF systems of RIB facility consists of 30 kW RF transmitters for RFQ, LINAC 1, LINAC 2 

operating at 37.8 MHz, a 5 kW transmitter for LINAC 3 operating at 75.6 MHz, a 2 kW 

transmitter for buncher cavity operating at 37.8 MHz and a Klystron high power amplifier 

(KHPA). The KHPA operates at 6.4 GHz. There are two KHPA's for the ECR ion source. One of them is 

connected to the ECR ion source using WR137 waveguides while the other is in standby, terminated by 

a 1 kW matched load. The RF source for the KHPA is a Dielectric Resonant Oscillator operating at 6.4 

GHz.

The RF transmitters are operated periodically and troubleshooting is carried out in case of any faults. 

Various interlocks provided for protection of the RF amplifiers and the cavities are checked to ensure 

proper operation of the RF amplifiers. During operation, RF amplifier parameters are noted in a 

logbook for future reference/troubleshooting. Faults have been observed in the solid state amplifier 

stage of the 30 kW amplifiers and repaired or replaced with proper functional units. Other 

troubleshooting involves repair of bleeder resistance cards, relay cards, etc. 

There is a distributed remote control system to facilitate remote control and monitoring of different 

components of the RIB beam line. The entire beam line is divided in to a number of sections for orderly 

representation of the beam line components and parameters in the control system GUI. The control 

system has a modular structure with each Equipment Interface Module (EIM) catering to a particular 

section of the beam line. All these modules communicate to a central embedded controller through 

fiber optic link. This control system is operated periodically for troubleshooting and more reliable 

operation. For the remote control of RF transmitters, a module called the Remote Interface Module 

(RIM) is to be installed in each RF transmitter. The RIM is connected to an EIM through RS 232 serial 

communication. Hence each RIM can be controlled remotely from the embedded controller. A local 

display and control panel is also provided with the RIM enabling local control of each RF transmitter 

using the RIM. Presently, RIM's have been installed in three RF transmitters and being tested for proper 

operation.

Operation and maintenance of RF systems of RIB and 

RIB control system

T
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Development of control system for RIB material 
science beam line

T. K. Mandi, D. Lavanyakumar and P. Karmakar

n ISOL post-accelerator type RIB facility is being developed at VECC. The facility has a 
dedicated beam line for Material Science experiments. It consists of an ECR ion source 
operating at 2.45 GHz with associated high voltage power supplies, a dipole magnet, a 

solenoid magnet, a 33 MHz RFQ, quadrupole magnets, line gate valves and faraday cups for beam 
measurements at different positions of the beam line. The control system has been designed using NI 
CompactDAQ module, 8051 microcontroller board and GUI has been developed in LabView 
software. 

The purpose of the control system is to control/monitor all the system and sub-systems to achieve the 
desired beam at the time of operation. The subsystems associated with the beam lines are microwave 
power amplifier, high voltage DC power supplies, high current power supplies, faraday cups, solenoid 
gate valves etc. Each device requires one or more digital and analog signals to be controlled and 
monitored, resulting in a large number of input/output signals. These signals are connected to the NI 
compactDAQ chassis at appropriate DAQ modules. These modules are analog voltage input/output 
module, TTL compatible digital input/output module, Relay module etc. Some devices like High 
Current Power Supply have RS232 serial communication to operate the systems. Multi-port RS232 
serial communication card is connected to the PCI Express slot. 

The GUI(Graphical User Interface) has been developed using NI LabView software. The hidden 

circuitry inside the programs are continuously running at minimum time delay and status of the 

A

Fig. 1: Snapshot of typical GUI for the control system.
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systems are individually monitored at separate windows with respect to time. The software functions 

include set high voltage, high current, faraday cups in/out, beam current measurements etc. It is very 

important for proper beam accelaration to analyze and find out the magnetic field of the dipole magnet 

for various charged particles. The program has facility to plot the beam profile at different magnetic 

fields of the dipole magnet. In this process, dipole current is increased slowly and the beam current is 

measured with the current intregreter. The software has the provision to store data in a database for 

subsequent reference and analysis. A screenshot of the front-end software is shown in Fig. 1. 

Sundeep Ghosh, Pranab Bhattacharyya, Anjan Dutta Gupta and 
Gautam Pal

his report presents details of coupled field magneto-structural finite element analyses of the 
o90  bending magnet to be used in the RIB (Radioactive Ion Beam) beam line. 3D model of the 

magnet is shown in Figure 1. The magnet assembly has overall dimension of about 1.1 metres 

(W) x 0.91 metres (D) x 0.63 metres (H).  Water 

cooled square copper conductors having cross-
2section of 10x10 mm  with 6mm bore are used for 

coils. The maximum current through the coils is 

160 A generating a magnetic field of 0.64 T. 

FEM analyses have been carried out in ANSYS 

using an APDL (ANSYS Parametric Design 

Finite element analyses of bending magnet for RIB 
project

T

Fig. 1: Dipole magnet assembly with stand. Fig. 2: ANSYS Model.

Air

Coil

Dummy Structure
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Language) programme. The program 

consists of two parts. The first part 

deals with the magnetic field 

calculations, whereas the second part 

gives the structural response of the 

magnet  under  the  magneto-

mechanical Lorentz forces. 

One quadrant of the dipole magnet 

assembly modelled in ANSYS is 

shown in Fig. 2. It consists of the coil, 

iron structures forming the pole and 

yoke (made of AISI 1010 Carbon 

Steel), surrounding air volume and a 

dummy structure which is introduced 

only to facilitate imposition of 

structural boundary conditions on the 

top surface of the iron yoke. Only a 

quadrant has been modelled in order 

to exploit the symmetrical nature of 

the geometry. 

Results

The maximum flux density (BY) in 

air occurs at the median plane very 

close to the origin. The iron structures 

are provided to confine the magnetic 

flux lines within a limited zone; 

thereby increasing the magnetic flux 

density at the median plane. The two 

iron pieces at the top and the bottom 

will attract each other. The total force 

of attraction in the Y-direction (i.e. 

Fy) on the upper iron pole face which 

is situated at 140 mm from the median 

plane, comes out to be 11.6kN on 

summat ion of  nodal  forces .   

Magnetic nodal forces on the upper 

iron are shown in Fig. 4. The force of 

attraction on the upper coil (Fy) 

calculated by Virtual Work method is 

about 2.6kN.

Fig. 3: Vector plot of resultant magnetic flux density (B) (units in Tesla).

Fig. 4: Vector plot of magnetic nodal forces on iron (units in Newton).

Fig. 5: Contour plot of resultant deformation of iron (units in metre).
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Maximum displacement observed (Fig. 

5) is approximately 0.14 micron which is 

very less compared to the physical 

dimensions of the magnet. Hence bolting 

of the iron is not a major issue as no pre-

stressing is required.  

Contour plots of stress in iron in all three 

directions (X, Y & Z) are shown in the 

Figures 6, 7 and 8 respectively. The 

stress values (maximum 0.2 MPa) are 

much below the yield strength of AISI 

1010 (σy = 305 MPa). The fabrication of 

the magnet is under progress.

Fig. 8: Contour plot of Stress in Z-direction in iron (units in Pascal).

Fig. 7: Contour plot of Stress in Y-direction in iron (units in Pascal).

Fig. 6: Contour plot of Stress in X-direction in iron (units in Pascal).
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Electron beam optics in high axial magnetic field of 
electron beam ion charge breeding source (EBIBS) 

M. H. Rashid and Alok Chakrabarti

he Electron Beam Ion Source (EBIS) was invented in 1965 by E.D. Donets in Dubna, Russia 
+19[1] and Au  beam was developed in 1968. Meanwhile, many groups around the world have 

further developed EBIS [2, 3]. Charge state of an ion can precisely be tuned in an Electron Bean 

Ion-charge Breeding Source (EBIBS) [4]. Highly pure beam of common or rare species can be 

extracted for various applications in medical, material, atomic, nuclear and other science and 

engineering. It has been envisaged that the ion source, first of its kind in India, under study and 

indigenous development will be highly beneficial for the rare isotope project (ANURIB) at our centre.

 An EBIBS essentially consists of a high perveance electron gun to generate electron beam up to >10A 

and a superconducting solenoid of ~1.2 m length and ~5T axial magnetic field and a water cooled high 

perveance electron collector. It is very important to study the electron beam optics in the axial field of 

the superconducting solenoid at the main ionization region of the source for maximum compression of 

the beam to generate negative space charge potential for radial containment of the positive ions and 

compatible design of electrostatic drift tubes and the solenoid in the region. The distribution of electron 

with energy can be approximated as a delta function with little energy spread unlike a Maxwell 

distribution in any plasma discharge ion sources. The charge breeding to a certain charge state (Q) is 

directly proportional to the product of electron current density and breeding time (j τ). So, it is possible e b

to breed ions to some specific charge state and produce preferably a good beam current either by 
Q manipulating the j  and/ or τ. Another important characteristic of an EBIS is its charge capacity, N  α e b

{(I L)/√E }, where I , L and E  are the total electron beam current, ionisation channel length and e e e e

electron beam energy respectively. The EBIBS parameters depend on the type of ion beam and how 

much breeding is needed for a specific application.

Optics in high axial field

The superconducting solenoid in the EBIBS ionization channel produces >50 kG constant axial field 

(Fig. 1). The magnetic lines of force which reside at radius 30 mm outside the ends are compressed to 

radius ~50 µm in the channel in high magnetic field. Electrons follow the magnetic lines of force and 

the beam radius is also compressed to radius comparable to the lines of force. The intensity of the beam 

increases and bulging of the beam under uncompensated space-charge field become further prominent. 

But as soon as the 1+ charge ion beam is injected, some tens of percent of the space charge is 

compensated and the space charge effect is reduced. The beam is stabilized under the axial magnetic 

field significantly in such situation.
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(3)

For almost constant axial velocity, v  of electrons, the value of radial electric self-field acting on a beam z

boundary is (-I)/(2πεrv ). The radial motion of the boundary electrons with axial momentum, p is 0 z

nd rdgiven by Eqs. (1, 2) [ 5]. The 2  and the 3  terms represent the outward and inward motion due to space 
charge and axial magnetic field respectively.

Fig. 1: Plot of axial magnetic field of the solenoid calculated by POISSON code [6].

Assuming R = r/r  and R = R (1+δ ) = (1+δ ), where R = 1 for r = r  and δ << 1 taking for flat uniform b e e b

2 beam (r B) = (2mI)/(eπεv ), Eq. (2) transforms into Eq. (3) in terms of the boundary fluctuation b 0 z

parameter, δ . The solution of Eq. (3) is given by Eq. (4), in terms of the constants found from the initial 

conditions, δ = (r -r )/r  and δ ' = r '/r  corresponding to the initial radial coordinates and slope of the 0 0 b b 0 0 0

beam boundary. Here, n = (eB)/(√2p) and r(z) = r (1+δ (z)). A particle on the beam boundary b

periodically oscillates around the equilibrium radius r =r  while the beam moves along the z-axis. The e b

maximum amplitude ∆r  and the wavelength λ  of oscillations are given by Eqs. (5) and (6) m

respectively.

(4)

(5)

(6)

The amplitude and the wavelength of the boundary oscillation (Fig. 2) of the uncompensated electron 

beam of energy 30 keV in the computed axial solenoid field, 52.25 kG are evaluated to be 25.54 um and 

0.99 mm respectively for r =80 um, r =60 um and r '=100 mrad.0 b 0

Fig. 2: Plot of electron beam envelope in the axial field of the solenoid.
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Conclusions

The electron beam properly follows the central axis without any radial loss in the designed structural 

dimensions of drift tubes and magnet. Beam optical calculation was performed analytically in the 

EBIBS solenoid field. The space charge compensated beam due to ion beam injection will further be 

squeezed on the axis and become stable.
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ACCELERATOR DRIVEN SUB-CRITICAL SYSTEM4.3

Self-consistent study of space-charge-dominated 

beams in a misaligned transport system 

P. Sing Babu, A. Goswami and V. S. Pandit

 self-consistent particle-in-cell (PIC) simulation method is developed to investigate the 
dynamics of space-charge-dominated beams in a low energy transport system. Evolution of 
beam centroid, beam envelope and emittance is studied as a function of misalignment 

parameters for different beam distributions. It is shown that the beam envelope around the centroid is 
independent of the centroid motion for small misalignment. We have estimated the beam loss due to 
misalignment for different distributions. 

Fig. 1: Evolution of (a) rms beam size X (s) and (b) rms emittance ε (s)/ ε (0) for different distributions.  rms rms rms

A
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Fig. 1 shows the evolution of the rms envelope and rms emittance for 10 mA proton beam in a 3 m long 
solenoid based transport line obtained with the self-consistent PIC simulation using different 
distributions: K-V (KV), waterbag (WB), parabolic (PA), semi-Gaussian (SG) and Gaussian (GA).   

    

Fig. 2: Plots of (a) real space x-y and (b) phase space x-x´ of the beam at locations s = 0 cm (starting point) and s = 277cm for 
five initial distributions.   

The distributions of beam in the real space and phase space in the transverse plane at the two locations
s = 0 cm and s = 277  cm are shown in Figs. 2(a) and 2(b) respectively for different initial distributions. 
More deformation in the phase space appears when one uses the distribution with increasing non-
uniformity. 
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Effect of subdominant species on the evolution of 
intense primary beam in a low energy beam transport 
line 

P. Sing Babu, A. Goswami and V. S. Pandit

he dynamics of space-charge-
dominated multispecies beam 
with different distributions has 

been studied in a solenoid based low 
energy beam transport line using a 
particle-in-cell (PIC) simulation 
method. Results are presented in wide 
parameter regimes covering emittance 
dominated as well as space charge 
dominated mult ispecies  beams 

+ +consisting of p, H  and H  beams. 2 3

Simulation shows the formation of 
+ +hollow distribution of H  and H  beams 2 3

around proton beam and separation is 
more distinct as the fraction of proton is 
increased. The hollow formation is 
almost independent of combination of 

T

Fig. 1: Average emittance growth of proton as a function of parameter χ 
for Gaussian distribution at different proton fractions. 

+ +Fig. 2: Real space and phase space distributions of H  and H  at the location of 257 cm from the source with initial K-V (KV) 2 3

distribution (A) for different proton fraction, and (B) for fixed proton fraction. Proton distribution is not shown.
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+ +H  and H  beams, once the fraction of proton beam is fixed. The emittance growth of proton is found to 2 3

increase sharply in the space charge dominated regime and is more in the cases where proton fraction is 
low.  

In order to illustrate how the intensity influences the collective beam behaviour for different proton 

fraction we have used the dimensionless intensity parameter χ [1]. We have varied the parameter χ  

from 0.3 to 0.99 by changing the beam current and emittances, which covers both emittance dominated 

(0<χ<0.5) and space charge dominated regimes (0.5<χ<1). It is evident from Fig. 1 that for χ<0.6, the 

growth in the emittance of proton is very small. However the emittance growth increases rapidly for 

χ>0.6 and is more for low proton fraction. The main reason of this growth is the nonlinear space charge 

force of other species.     

+ +Fig. 2A shows the real and phase space distributions of H  and H  beams at the location 257 cm from 2 3

the ion source in the transport line for three different species fractions. Simulation reveals that the 
+ +hollow formation in H  and H  beams starts with very low proton fraction. Fig. 2B shows the similar 2 3

plots where proton fraction is 20% and the other species fractions are varied. It is evident that hollow 
formation is almost independent of the fractions of other species.   

Reference
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S. Srivastava, Y. Kumar, A. Misra, S. K. Thakur and V. S. Pandit

n LQR based PID controller is proposed for the design of the DC-DC converter pulse width 
modulator (PWM) controller. The PWM controller is then finally used to regulate the magnet 
power supply. The state weighting matrices 'Q' of the LQR based controller is derived 

analytically using guaranteed dominant pole placement approach with desired 'ζ' (maximum 

A control strategy for highly regulated magnet power 
supplies using a LQR approach 

A

Fig. 1 : Closed loop optimal control system and power supply based on buck converter.
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overshoot) and 'ω '(rise time). The uniqueness of this scheme is that the controller gives the desired 
closed loop response with minimum control effort, hence avoiding the actuator saturation by utilizing 
both optimum behavior of LQR technique and simplicity of the conventional PID controller. The 
controller and power supply parameter perturbations are studied along with the load disturbance to 
verify the robustness of proposed control mechanism.

The closed loop optimal controller and the magnet power supply as a plant G(s) are shown in Fig. 1. The 
transfer function of the magnet power supply is

where x = LC(R  + R ) and  y = (L + R CR  + R CR  + R R C).load c L load L c load c

The PID controller parameters obtained using the LQR approach as mentioned in [1] are: 

where, r is usually taken equal to 1, K is the DC gain and P , P and P  are given by13 23 33

The value of a = y/x and b = (R  + R )/x  where ζ  and ω  are the damping ratio and natural frequency of load L cl cl

the closed loop system and m decides the location of the third pole. 

We have performed simulation of a power supply having rating 10V/200A. In the Fig. 2 we have set the 
load current of 100A and then applied the load disturbance of 20% after the power supply is stabilised at 
100 A. It is easy to notice that the optimal control regulates the required output set current. The 
widening of PWM pulse confirms the regulation by PWM controller at the time of load disturbance.

Fig. 2: Load disturbance its corresponding PWM output (widening of PWM is observed).
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Third pole placement on the characteristics of the 
closed loop time response performance measures 

Saurabh Srivastava, Anuraag Misra and V.S. Pandit

arious types of power supplies used in accelerators require stable operation under the different 
load conditions and other types of fluctuations. Therefore, a robust controller is mandatory. 
We, present the methodology of PID tuning based on the optimal approach of LQR and 

dominant pole placement technique applicable to second order plus time delay (SOPTD) model with 
user specified closed loop damping ratio 'ζ ' and natural frequency 'ω '. Simulation has been performed cl cl

in MATLAB for the buck converter based power supply. The effect of third pole on the stability of 
closed loop system has been studied in detail in the case of mismatch between the process delay time 
and the delay time at which the controller is designed. It is found that if the PID controller is designed 
by choosing a higher location of the third pole with one of the real part of the dominant poles, the 
stability of the closed loop system improves with slight increase in rise time. 

Fig. 1 shows the standard closed loop block diagram of SOPTD systems. We have considered the plant 
G(s) as an example of a typical buck converter based power supply that is widely used in particle 
accelerator technology as shown in Fig. 2.

Fig. 1: Closed loop control system and a standard buck converter based power supply.

The PID controller parameters obtained using the LQR approach [2] are:

u(t)=K x (t) + K x (t) + K x (t)p 2 i 1 d 3

–1where, K  = r K(p H (L) + p H (L)+p H (L))p 13 12 23 22 33 32

–1K  = r K(p H (L) + p H (L)+p H (L))i 13 11 23 21 33 31

–1K  = r K(p H (L) + p H (L)+p H (L))d 13 13 23 23 33 33

where H (L) are the matrix elements of exp(A t) at t = L with i,j = 1,2,3.  Here A is the state transition ij c c 

matrix given by:

–1 T[A ] = [A – BR B P]c

A, B, R and P are the state matrix, control matrix, control weighting matrix and Riccati coefficient 
matrix respectively. The estimated SOPTD model of the buck converter is 

V
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The PID parameters obtained with choosing closed loop natural frequency ω =1324.8 rad/scl

3with m = 10 are [K   K   K ] = [3.55   2.55 x 10    0.0023].p i d

Fig. 2: Step response of buck converter with different value of m. Stability and robustness with mismatched in the delay L.

It is observed from the simulation results that if the controller is designed with higher value of m, the 
closed loop time response will be more stable as compared with the controller designed at lower value 
of m. The only compromise is the increase in the system rise time.
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Anuraag Misra and V.S.Pandit

 2.45 GHz high current 

microwave ion source along 

with a beam transport system 

has been developed and operating at 

VECC for studies of intense beam 

production and characterization for 

further injection into a compact 

cyclotron [1]. We have performed 

detailed simulation and experimental 

studies of different microwave 

Studies on coupling transformer to enhance the 

performance of microwave ion source 

A

(), 0.98,clb ζ≥ =

Fig. 1 : Schematic of
microwave coupling transformer.
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coupling transformers and their 

effect on the extracted beam 

current from the ion source. 

Schematic of a typical matching 

transformer for the ion source is 

shown in Fig. 1.

The length and width of four 

sections have been optimized to 

t r a n s f o r m  a  w a v e g u i d e  

impedance of 663.7 Ω to a 

typical plasma impedance of 

~100-150 Ω. We have also 

calculated the electric field in the 

center of the plasma chamber 

due to matching transformers 

with different ridged widths. A 

typical electric field pattern for a 

transformer of ridged width s=48 

mm is shown in Figure 2.

We have fabricated (a) WR-284 

waveguide and two matching 

transformers with ridged width 

(b) s=24mm and (c) s=48mm 

(Figure 3). The experiment was 

performed by connecting all the 

transformers with the ion source. 

Results are shown in Fig. 4. 

Experimental  observat ion 

indicates that the performance of transformer (c) is 

better than other two transformers. It gives high 

current and less reflected power for a given forward 

power.

Reference
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Fig. 2: Electric field profile in the plasma chamber.

Fig. 4: Beam current and reflected power for different 
matching transformers as a function of microwave power.
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Fig. 3: (a) WR-284 waveguide and matching transformers with ridged width (b) 
s=24mm and (c) s=48mm.
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Non-interceptive beam profile measurements of high 
current proton beam from 2.45 GHz microwave ion 
source

Anuraag Misra and V. S. Pandit

e have developed a 2.45 GHz microwave ion source along with a beam transport system for 
studies of production and characterization of high current proton beam. Fig. 1 shows the 
ion source on 

the high voltage deck. The 
ion source has already 
produced more than 12 
mA of beam current at 75 
kV as measured by DCCT 
with just 350 W of 
microwave power. A well-
focused beam of ~8mA 
has been transported up to 
3 meters from the ion 
source. 

The high current beam 

produces fluorescence 

while passing through the 

beam-line due to the 

e x c i t a t i o n  a n d  d e -

excitation of the residual 

gas molecules present in 

the beam-line. Fig. 2 

shows the beam transport 

l i n e  w h e r e  p r o f i l e  

measurements have been 

performed. 

T h e  b e a m  i n d u c e d  

fluorescence is acquired 

through a CCD camera 

(without intensifier) at the 

location of beam viewer 

(Fig. 2). A typical profile 

of 5 mA proton beam at a 

beam-line pressure of 
-55.5×10  mbar acquired 

through the CCD camera 

is shown in Figure 3 (a). 

W

Fig. 2: Fluorescence monitor; 1. Solenoid magnet, 2. CCD camera,  3. Beam viewer. 

Fig. 1 : Ion source; 1. Magnetron, 2. Auto-tuner, 3. Vacuum window, 4. Gas cylinder, 5.  
Ridged waveguide, 6. Injection magnet coil, 7. Extraction magnet coil, 8. Extraction 
system.
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We observed a bluish violet profile which is mainly due to the presence of nitrogen gas in the beam-

line. This image was processed, analyzed and its profile was calculated in MATLAB.  Subsequently 
-4the beam profile with Ne gas injection at a beam-line pressure of 3×10 mbar was also measured. In this 

case we observed a pink fluorescence profile as shown is Fig 3(b). As compared in Fig. 4, the measured 

beam size in the case of un-neutralized 75 keV, 5mA proton beam is 3.75 mm (rms), which squeezes to 

2.68 mm (rms) when the beam was neutralized using Ne gas. 

-5Fig. 3: Beam induced fluorescence of 75 keV, 5 mA proton beam (a) un-neutralized, with N  gas at 5.5×10  mbar,2

-4(b) neutralized, with Ne gas at 3.0×10  mbar.

Fig. 4: Neutralized and un-neutralized beam profiles of 5mA proton beam.
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Design of an elliptical solenoid for transverse beam 

matching 

A. Goswami, P. Sing Babu and V. S. Pandit

he injection system of 
high current cyclotron 
consists of a microwave 

ion source (protons at 80 keV) 
and two solenoid magnets for 
transport and matching the 
beam. The location of the spiral 
inflector is ~ 90 cm from the 
s e c o n d  s o l e n o i d .  B e a m  
dynamics simulations with spiral 
inflector indicate that convergent 
phase ellipses with different 
orientations and a comparatively 
smaller width in the y plane gives 
better beam transmission [1]. In 
o r d e r  t o  t r a n s f o r m  t h e  
axisymmetric beam to a non-
axisymmetric beam for matching 
at the spiral inflector we need an 
elliptical solenoid between the 
second solenoid and spiral 
inflector. 

We have modeled the elliptical 
solenoid (shown in Fig.1) in 3D 
code MagNet and obtained the 
magnetic field [2]. The magnet 
has a total length of 15 cm. The 
semi major and semi minor axes 
of the elliptic pole face of the 
solenoid are chosen 6 cm and 5.5 
cm respect ively  to  have 
relatively smaller beam size in y 
plane as required in our 
application.

 Fig. 2 shows the variation of the 
axial magnetic field B (s) and s

parameter D(s) (arises due to 
asymmetry in the aperture in x 
and y directions) at different 

T

Fig. 2: Axial magnetic field B  and parameter D as a function of s at differents

x and y.

Fig. 1: Half 3D model and entrance pole face of the elliptical solenoid.
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values of transverse coordinates x and y for 29500 A-turn. The parameter D(s) is calculated by 
subtracting the field gradients evaluated using the fields B (x) and B (y) at different x and y. It is easy to x y

notice that deviation in B (s) and D(s) is almost negligible up to the radius of 3 cm. In the simulation, we s

have used the smooth field profile by fitting the calculated 3D magnetic field data with an analytic 
function.

Fig. 3: Phase ellipses in both planes for matching at the inflector entrance with I = 5 mA.

Fig. 3 shows the results of transverse matching of an axisymmetric beam at the entrance of the spiral 
inflector [3, 4]. The resulting phase ellipses producing a beam of unequal sizes in x and y directions are 
shown by filled plots. The required phase ellipses at the entrance of the spiral inflector are shown by 
dashed curves. The initial beam parameters at the waist position of second solenoid are X(0) = Y (0) = 

0.25 cm and ε (0) = ε (0) = 60π  mm mrad. The location of elliptical solenoid from the matching point is x y

~70 cm. 

References
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A. Goswami, P. Sing Babu and V. S. Pandit

he effect of displacement and rotational misalignments of quadrupole magnets with respect to 
the ideal beam axis affects the dynamics of intense beams. The motion of centroid of a 
continuous space charge dominated beam propagating in misaligned quadrupole magnets has 

been studied using kinetic models based on the Vlasov-Maxwell equations. A self-consistent Vlasov 

Kinetic equilibrium for space charge dominated beam 
in a misaligned quadrupole focusing channel

T
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equilibrium distribution for 
the beam has been obtained in 
the case of a uniform density 
beam around the centroid. A 
self-consistent simulation 
using particle-in-cell method 
has been utilized to verify the 
analytical results [1].

A schematic of FODO lattice 

with misaligned quadrupole 

magnets is shown in Fig. 1. 

The periodicity length is 50 cm 

with constant field gradient 2 

T/m within its axial extent and 

zero outside. Each quadrupole 

is of length 10 cm and the 

separation between two is 15 cm. For the calculations, we have used proton beams at 80 keV

with        mmmrad. It is assumed that the input beam is perfectly aligned                                                    

                                             .  

The parameters used in the PIC 

simulations are: number of 

macro-particles N = 50000, 

number of grids N  = N  = 128  to x y

cover the entire region of beam 

pipe whose size is 12.8 cm × 12.8 

cm and the step size ∆s = 0.2 mm. 

Fig. 2 compares the evolutions of 
initially KV beam through the 
ideal  FODO channel  and 
misaligned FODO channel with 

parameters [∆(mm), ∆(mm), x y

λ(mrad), ξ(mrad), τ(mrad)] = 

[2.5, –2, 5, -3, 4] at 10 mA using 
both envelope model and PIC 
simulation. We have taken the 
input beam sizes and slopes as the 
matched beam conditions for
the perfectly aligned FODO 
lattice i.e.                   = 4.36 mm,     
                      = 11.02 mrad. From 
Fig. 2(a) we see that the beam 
centroid deviates from the ideal 
axis as it leaves the field region of 
the misaligned quadrupole. The 
evolutions of rms beam envelopes 

15.3x yεε==%%

Fig. 1: A schematic of aligned (left) and misaligned quadrupoles (right).

0, 0x y x y
 ′ ′== ==  

(0) (0)x y=% %
(0) (0)x y=−′ ′% %
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Fig. 2: Evolution of (a) beam centroid (b) rms beam sizes and (c) rms projected 
and generalized emittances obtained by envelope model and PIC simulations at I 
= 10 mA.
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around the centroid are shown in Fig. 2(b). The difference in envelope evolution is because of the 
rotation angle  about the optical axis, which creates a coupling between the two transverse directions.  

Fig. 2(c) shows the evolution of the projected rms emittances in x and y transverse planes obtained with 
PIC simulations (dotted) and envelope model. For the ideal FODO channel, the projected rms 
emittances in both the planes are same at all the points downstream, equal to the initial emittances. 
However, the situation is different in the case of misaligned channel where we see an increase in the 
projected rms emittances. The evolution of generalized rms emittance    obtained using envelope 
model and PIC method are also shown in Fig. 2(c) which is found to be a constant quantity. We see 
that results obtained with analytical envelope model and PIC simulation with KV distribution 
agree well. 

Reference

[1] A Goswami, P. Sing Babu, and V. S. Pandit, Phys. Plasmas 20 (2013) 073107. 

S. Roy, C. Nandi and G. Pal 

harged particles from the high current ion source are finally injected axially at the center of a 
magnet using the inflector.  The inflector consists of two electrodes with the surfaces facing Ceach other forming a spiral helix. The gap and inclination of the facing surfaces of the 

Fabrication of spiral inflector for ADSS

Fig. 1: Spiral inflector electrode of ADSS ion source .

hε%
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electrodes changes from about 14mm and 0 degree at the entry to about 11mm and 33 degree at the end. 
An electrostatic field of 20kV/cm is applied between two electrodes of spiral inflector. Earlier design 
had the option of producing electric field by keeping one electrode at positive potential with respect to 
the other one at ground potential. The modified design was made with the provision for giving   
positive and negative potential to both electrodes. Mechanical design and 3D modeling of the 
electrodes based on the central trajectory of the particles and considering high voltage break down 
criteria.    

The inflector electrodes (Fig. 1) were machined from 65mm thick aluminium 6061T6 plates. The 
curved surfaces could not be accessed by the cutting tool tip in a single set up using 3axis machine tool. 
A rotary axis was used to provide synchronized rotation to machine the electrode surface seamlessly. 
The surfaces of the electrodes were machined in the departmental workshop within ± 50 micron 
accuracy with a roughness value of  0.8 micron or less.
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SUPERCONDUCTING CYCLOTRON UTILISATION

PROJECT (SUCCUP)

Design of a dynamically orthogonalized penning trap 
with higher order anharmonicity compensation

Development of a high resolution, high granular, Si-
Strip, Si-Strip, CsI(Tl) detector array for nuclear 
reaction studies

A. K. Sikdar, A.Ray, P. Das and A. Reza

he Penning trap is a very versatile experimental tool used in different types of measurements 
such as high precision mass measurement, g-2 measurement, decay studies etc. Generally 
cylindrical Penning traps are used and it is very important to design cylindrical Penning traps 

with very small anharmonicities. In order to study how the higher order anharmonic terms can be 
minimized, a doubly compensated, open ended, cylindrical Penning ion trap was simulated including 
the effect of realistic gaps between the adjacent electrodes. By varying the lengths of the electrodes, we 
have been able to make the trap dynamically orthogonalized and tune out higher order anharmonicities 
upto C8 term over a wide range of inner radii of the cylindrical trap and gap lengths between the 
adjacent electrodes. This work will help to generate a higher quality quadrupolar potential near the 
center of a cylindrical Penning trap and be useful for studies involving high precision measurements of 
the trapped particles. We have published a paper [A. K. Sikdar, A.Ray P. Das and A. Reza, Nuclear 
Instruments and Methods in Physics Research A 712 (2013) 174–179] on the basis of this work.

S. Bhattacharya, C. Bhattacharya, S. Kundu, T. K. Rana,
K. Banerjee, J. K. Meena, G. Mukherjee, T.  K. Ghosh, R. Pandey,
P. Roy, R. Saha,  R.  Mondal Saha, A. K. Saha, J. Sahoo and 
Santu Manna 

 high resolution Si-Strip, Si-Strip, CsI(Tl) detector array consisting of 24 telescopes,  

covering solid angle of nearly 2π in the centre of mass have been developed at VECC. It is an 

unique array ever made in the country, also unique and rare in many respect even at 
international level. This array will be very useful in nuclear reaction studies and in particular to study 
structure of exotic nuclei through multi particle correlation studies. This array will also served as the 

forward part of the 4π charged particle detector array being developed under the superconducting 

cyclotron utilization project.

T
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Each telescope consists of  50 µm thick silicon strip detector (∆E1), a 500 µm/1 mm (∆E2 / E) thick 

double sided silicon strip detector (DSSD), and four 6cm thick CsI(Tl) detectors(E). The thickness   
were chosen to have good isotopic identification for the fragments with (Z < 10) produced in low and 
intermediate energy heavy-ion reactions. In addition to good isotopic resolution, it will also provide a 

low energy threshold for particle identification. The 50 µm (∆E1) detector is segmented into 16 strips 

which are read out individually. The 500 µm/ 1 mm (∆E2/E ) detector has 16 strips on its junction as 

well as on the Ohmic rear surface in orthogonal direction. Thus, the E detector will provide two  
2dimensional position information. The size of each strip detector is 5 × 5 cm ,  having  pitch of 3 mm. 

The   array along with electronics is shown in Fig. 1.

Fig. 1: A high resolution , high granular, Si-Strip, Si-Strip, CsI(Tl) detector array.

2 2The CsI(Tl) crystals are trapezoidal in shape, having 2.5 × 2.5 cm  front face and 3.5 × 3.5 cm  back face 
0respectively. Two of the sides are cut straight back and the other two are cut at ~7 . This allows all four to 

be tightly packed behind the silicon detectors and all particles that hit the silicon will impinge in the 
crystal assuming the target is located 20cm from the detector.

To measure the scintillation within the CsI(Tl) crystal, it has been decided to use a photodiode due to its 
characteristics of excellent linearity over a wide dynamic range, stability over long durations, and 

2compact size. A photodiode (PD) of thickness of 0.3 mm and active area of 1.8×1.8cm  is attached to the 
back of each crystal. The signals from the PD will be amplified by pre-amplifiers coupled to it.

The outputs of the strip detectors as well as CsI(Tl) detectors are processed using standard analog pulse 
processing systems consisting of 16 channel charge sensitive pre-amplifiers and 16 channel shaper, 
timing filter amplifier with constant fraction discriminator and are  finally  digitized and recorded 
event by event using VME based data acquisition system.

SUPERCONDUCTING CYCLOTRON UTILISATION PROJECT (SUCCUP)
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Fabrication of a nonmagnetic, multipin, cryogenic 
vacuum feedthrough system

A. K. Sikdar, A. Reza, P. Das, A. Ray, M. Ahammed and S.Saha

 simple, nonmagnetic, 2 pin vacuum feedthrough system based on indium sealing of the 

OFHC copper (oxygen free high thermal conductivity copper) wires to a G10 (fibre glass 

epoxy or FR-4) block sealed to a copper plate by an indium wire was developed and found to 
-8be helium leaktight to better than 1×10  mbar-lit./sec from room temperature down to 77 K. The 

feedthrough system consisted of three pieces referred to as 'OFHC copper pin', 'G 10 cap' and 'OFHC 

Copper seal mount' shown in Fig. 1 

(leftside).  

The feedthrough system could be used to 

apply high voltages to Penning Trap 

electrodes and take out electrical signals 

from the liquid helium environment in a 

high magnetic field. The feedthrough 

assembly was made of nonmagnetic 

material with low magnetic permeability 

so that it could be used in a magnetic field 

of high spatial homogeneity. The selection 

of the nonmagnetic materials for use at 

low temperature was guided by the 

magnetic susceptibility measurement 

data.The feedthrough system was tested 

down to 77 K using a specially designed 

testing facility shown in Fig. 2. When the 

idea was extended from a 2 pin to 19 pin 

feedthrough, the OFHC copper pins 

tended to bend and were unable to 

maintain vacuum tightness in the 

cryogenic environment. Then, a different 

approach was adopted to build a 19 pin 

feedthrough using Stycast 2850 Ft (Blue) 

as sealant for copper wires. Initially, 

several designs were tried but it was 

finally possible to build a 19 pin 

feedthrough using an aluminium flange 

taking advantage of the closer thermal 

expansion coefficients of aluminium and 

Stycast 2850 Ft (Blue). This 19 pin 

A

Fig. 1: 3D cross-sectional view of the 2 pin feed through with indium 
sealing (top) and 19 pin feed through with Stycast 2850 Ft and 
aluminium flange (bottom).
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SUPERCONDUCTING CYCLOTRON UTILISATION PROJECT (SUCCUP)

nonmagnetic, vacuum feedthrough shown in Fig. 1 (right side) was thermally cycled successfully 

several times between room temperature and liquid nitrogen temperature.

This indigenous development will help us to reduce costly imports and dependence on foreign 

companies. 

Fig. 2: Cryogenic Leak Test Setup.
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Thin wall vacuum reaction chamber for neutron 

measurement

K. Banerjee*, J. K. Meena, Sumantra Bhattacharya,
S. Bhattacharyya, C. Bhattacharya, P. Roy, A. K. Saha,
T. K. Ghosh, S. Kundu, T. K. Rana, G. Mukherjee, R. Pandey, 
J.K. Sahoo, R. Saha Mondal, R. C. Yadav and S. Chatterjee

 thin wall stainless steel (SS) scattering chamber has been designed and fabricated for in-beam 

experiments involving neutron measurements. One of the key issues regarding the 

measurements of neutron is to reduce attenuation of neutron flux before it is detected in the 

detector. This required that the chamber wall has to be particularly thin. In this case, we have chosen 

stainless steel SS304L of wall thickness 3 mm. The thickness below 3 mm would be tremendously 

difficult from fabrication point of view, as the overall dimension of the chamber is ~ 1m. We have 

estimated neutron flux attenuation using FLUKA code [1, 2]. In 3 mm thickness of stainless steel 

98.9% neutrons of energy of 1 MeV will pass without any interaction and for 10 MeV neutrons it is 

98.7%. One of the physics motivations behind this design is the study of fission dynamics, where 

fission fragments have to be detected inside the chamber. The fission fragments are generally detected 

using multi wire proportional counters (MWPC). Higher the distance of MWPC from the target 

position better will be mass resolution of the detected fragments. Keeping these two factors in mind, 

that is reasonable mass resolution of the detected fission fragments and least neutron flux attenuation, 

we froze our design as a SS spherical chamber of inner diameter of 1010 mm and wall thickness of 3 

mm.  The chamber consists of three parts, two hemispherical parts and one middle segment. The 

middle segment is fixed with the beam line, whereas the other two hemispherical segments are 

independently movable perpendicular to the beam line using two separate Mild Steel (MS) mechanical 

trolleys by hydraulic control mechanism with locking facilities. MS-trolleys for hemi spheres are 

dismountable type. Sixteen ports having inner diameter of 50.0 mm are made on the central segment of 

the chamber.

Two hemispherical parts are kept free from any ports, so that neutron detectors can be placed all around 
o o o360  outside the chamber, except in the region ± 11.3  ≥ θ ≥ ± 168.7 .  Out of sixteen ports two ports are 

connected to pumping system, two of them are used as view ports and another two ports are used for 
beam entry and exit. Remaining ports are designated for vacuum gauges, air inlet and to take out signal 
cables of detectors placed inside the chamber. The middle segment of the chamber is connected to the 
beam line and is supported by MS frame structure with screw jack arrangement to facilitate manual 
height adjustment from ground level. For mounting detectors inside the chamber, 12 Aluminium 
(6061-T6) rings of 6 mm thickness and radius 440 mm are made. The rings are supported inside the 
chamber using two flanges placed on the beam line with precision alignment and locking arrangement. 

oThe rings are separated from each other by 30  in polar angle (θ). Each ring will have several threaded 
oholes to mount the detectors. Chamber is accessible in 360 , when both the hemispherical parts are 

opened. So detectors can be mounted at any position (θ, φ) within the chamber with the help of support 

rings as mentioned above. 

A target ladder has been fabricated with the arrangement of linear and rotational movement through 

manual control.  Target assembly vacuum sealing is achieved by the Wilson seal method.  A screw rod 

A
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with box nut mechanism 

w i t h  a  h a n d  w h e e l  

arrangement is made to 

achieve manual up-down 

movement. This assembly 

is fixed with supporting 

bracket with bearings to a 

shaft rod passing through 

Wilson sealing provided in 

t h e  p o r t .  R o t a t i o n a l  
omovement of 360  is 

achieved by a Bevel gear 

mechanism connected 

directly to the shaft rod with 

another hand wheel. The 

whole  mechan ism i s  

supported on a plate fixed 

to the chamber port.  

Vertical movement of 200 

mm with 1 mm resolution 
o oand rotation of 360  with 2  

r e s o l u t i o n  h a s  b e e n  

achieved. Photograph of 

the actual chamber is 

shown in Fig. 1.

The pumping system of the 
chamber is made up of oil 
free pumps only. Two scroll 
pumps (make EDWARDS, 
model XDS 35i) of capacity 

335m /hr and two air cooled 
turbo molecular pumps 
(make Varian, model VT 
551NAV) of capacity 550 
lit/sec are used to achieved 
the required vacuum. One 
c o m b o  g a u g e  ( m a k e  
EDWARDS, model WRG-
S 14.5-36V 2W) is used for 
v a c u u m  m o n i t o r i n g .  
Typical vacuum achieved 
inside the chamber is ~ 4x 

-710  mbar within 8.0 hours.

Fig. 1: Photograph of the actual chamber.

Fig. 2: Schematic diagram of the chamber with pumping system.

SUPERCONDUCTING CYCLOTRON UTILISATION PROJECT (SUCCUP)
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The schematic of pumping system is shown in Fig. 2. The whole vacuum operation sequence is pre-
programmed and fully automated by using a programmable logic controller (PLC). A typical vacuum 
pumping sequence is displayed in Fig. 3. The vacuum operation is controlled locally as well as 
remotely through compact control unit which provides continuous display of the vacuum inside the 
chamber. There is also a provision for slow manual pumping which is required in certain experiments. 
Two 6 mm diameter bypass roughing line with Swagelok control valves are provided for slow 
pumping. Vacuum operation can be performed in auto mode as well as in manual mode. In auto mode, 
vacuum can be done through single switch which is provided at control panel. 

Fig. 3: Typical pumping sequence of the chamber.

In manual mode, initially both the scroll pumps are switch on. When roughing line pressure reaches ~ 5  
-210  mbar, roughing valves (RV1 and RV2) are required to open. As soon as roughing valves are opened, 

pumping down of chamber initiates, which is initially at atmospheric pressure (1000 mbar). When 
-2  chamber vacuum reaches ~ 5 × 10 mbar, roughing valves (RV1 and RV2) are needed to be closed. 

After this turbo backing valves (TB1 and TB2) are open to start the backing operation of the turbo 
-2pumps. When the backing line pressure reduces to 5 × 10  mbar, turbo pumps (TP1 and TP2) are 

gradually started. Turbo pumps take around 15 minutes to reach its highest speed. After TP1 and TP2 

PROGRESS REPORT 2013
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SUPERCONDUCTING CYCLOTRON UTILISATION PROJECT (SUCCUP)

reached its highest speed, which is 42000 rpm, high vacuum gate valves opened (HV1 and HV2). Turbo 
-6 -7pumps take around 2 hrs to reach 1x10  mbar and around 8 hours to achieve 4 ×10  mbar.
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he development of 
t h e  C r y o g e n i c  
Penning Ion trap 

poses several challenges 
for its high precision 
fabrication and cryogenic 
temperature. The Penning 
trap electrode assembly 
that would provide better 
harmonic potential and its 
corresponding insertion 
arrangement into Magnet-
Cryostat has been designed 
taken into consideration 
s e v e r a l  m e c h a n i c a l  
aspects. The mechanical 
fabrications of various 
components of the trap 
setup have been completed 
a s  pe r  d r awing  and  
assembled. The electronics 
for the detection of the 
trapped electrons/ions in 
resonant mode are being 
developed indigenously. 

Progress in VECC cryogenic penning ion trap 
development

T

Fig. 1: Hanging arrangement setup along with Penning trap. The testing of hanging 
arrangement at liquid nitrogen temperature is shown at right side.
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Mechanical fabrication and assembly

The assembled Penning trap components are shown in Fig. 1. The 5-electrode trap assembly is hung 

from the bottom flange of the setup and enclosed in a vacuum-tight copper chamber. Indium sealing 

has been used to make the copper chamber vacuum-tight. The entire assembly would be placed in the 

liquid helium-filled bore of a superconducting 5 Tesla persistent mode magnet that was commissioned 

earlier [1]. The bottom flange of the assembly was hung by three G10 rods and six radiation baffles are 

held on to the G10 rods by a special arrangement in order to reduce the radiation heat load. Special 

bellows have been provided to the top flange for placing the trap electrode assembly at a proper 

position within 1cm DSV inside the magnet bore. This hanging arrangement has been tested to support 

the load of the copper vacuum chamber at cryogenic temperature.

Special feedthroughs are required for applying high voltages to Penning trap electrodes and for taking 

out electrical signals from the Penning trap electrodes placed in an ultrahigh vacuum chamber 

immersed in liquid helium. The development and installation of such special feedthroughs has always 

been a challenge and it is discussed elsewhere. Two sets of trap electrodes and MACOR spacers were 

fabricated, one set at VECC workshop and another at MPIK, Germany with a maximum tolerance of 40 

microns. Precision measurements of the fabricated electrodes were done using Coordinate measuring 

machine (CMM) and a set of five electrodes was chosen based on our simulation studies to minimize 

the anharmonic coefficients of the quadrupolar electrostatic potential created by the trap electrodes. 

Our simulation studies using SIMION 8 code show that the assembled electrodes should produce a 

Fig. 2: OFHC Pin laser welded to trap electrode ( on the top of left side ) ,Trap electrode and electronics holding module ( on 
the bottom of left side) and the  cryogenic setup for trap capacitance measurement on the right side.
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nearly perfect orthogonally compensated quadupolar potential over a 3 mm region near the center of 

the trap.

The OFHC copper pins must be connected to Penning trap electrodes to apply electric potential. This 

attachment of copper pins should not affect the high precision machined surfaces of Penning trap 

electrodes. So, these copper pins were laser welded to electrodes at RRCAT, Indore using a 2mm 

diameter Nd:YAG Laser beam. A laser welded OFHC copper pin to an electrode has been shown in

Fig. 2. 

A resonant circuit with a high Q-value is being developed to detect trapped electrons/ions for precision 

studies. An essential requirement in this development is the determination of the trap capacitance at 

cryogenic temperature. The measurement of the trap capacitance is very challenging as its value is of 

the order of Picofarad comparable to the capacitance of the connecting wires. For this purpose, a Colpitt 

oscillator circuit was developed. This circuit operates at room temperature. It was placed close to the 

Penning trap electrodes held at 77 K within the same vacuum chamber. So, a cryogenic setup capable of 

achieving above requirements was developed (Fig. 2). The measurement of the trap capacitance was 

done down to 94K. The data analysis is in progress. The setup details and measurement scheme has 

been discussed in ref [2].

References

[1]  P. Das et al. , Proc. DAE Symp., 57 (2012) 876. 

[2] A. Reza et al., Proc.DAE Symp. (2013) .
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R&D activities on 650 MHz, β = 0.61 superconducting 
RF cavity

RF Division, VECC

he research and development (R&D) activities on 650 MHz, =0.61, superconducting RF cavity 
has been going on at VECC under Indian Institute Fermilab Collaboration (IIFC). The 
following activities have been carried out at VECC.

Cavity simulation

The 5-cell elliptical shape cavity simulation has been carried out by using 2D SUPERFISH code and 

also 3D CST MICRWOWAVE STUDIO code and the results are shown in TABLE 1, where the design 

parameters of the said cavity has been tabulated. The field flatness is very good and the cell-to-cell 

coupling coefficient is 1.24%. For the mid-cells, the equator ellipse aspect ratio,             ,  the iris 

ellipse aspect ratio,                      equator diameter, D=394.8 mm., Iris diameter 96 mm., the cell length, 

L=140.67 mm. The ratio             which is reasonably good in terms of cryogenic loss is concerned and 

also the geometrical factor (G=200) is good enough. Two major parameters, electric field enhancement 

factor (                ) is fairly good value and the magnetic field enhancement factor (              )  is also 

quite good.

A small cavity wall slope (α) gives more freedom to decrease the field enhancement factor. However,  
α value is limited by the considerations of surface processing and mechanical stability requirements. In 

mid-cells, α  is chosen as 2.4 degree, in order to maintain low field enhancement factor.

Table 1 : Design Parameters of 650 Mhz, β = 0.61 Cavity

A B Equator Iris Half R G E E B facc p p π

B b radius radius cell Q (=Q.R) E E made Remarksacc acc

D/2 Riris length
(mm/ (mm/ (1/2) (MV/ (mT/
(mm.) (mm.) (mm.) (mm.) (mm.) (W) (W) (m) MV/m) (Mhz)

2D SUPERFISH,
3D CST MWS

a=2.4deg.(medcell)
=4.5deg(endcell)

197.40 48 70.335 296 200 17.0 3.00 4.84 6.50

E = 118.8 J

T

54
58

=A mm
B mm

13.68
30.82

=a mm
b mm

=R
Q

296

=
Bp

Eacc

4.84=
Ep

Eacc

3.00

54
58

13.68
30.82

10.67
24.02=

end cells

a

b −
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RF SUPERCONDUCTING CAVITY

Furthermore, end-cell modifications have 

been carried out to achieve very good field 

flatness. For end-cells, the iris ellipse 

aspect  rat io  has been modif ied 

to                            , while the equator 

ellipse aspect ratio has been kept 

unchanged. The wall slope angle has been 

increased to 4.5 degree. 

Cavity shrinkage

The cavity is designed at room 

temperature and it will be operated at 2K. 

The niobium cavity will shrink due to 

thermal contraction of the material. It is 

necessary to adjust the dimensions of the 

cavity by taking into account 150  µm 

(approx.) of material removal (t  ) due to ch

chemical treatment like buffered chemical 

polish (BCP), electro-polishing (EP) etc. 

and thermal shrinkage from room 

temperature (293K) to 2K. The aperture 

and equator radius is decreased by 150  

µm. The ellipse centres and half cell length 

do not change appreciably. Half axis in Iris 

area are increased by 150  µm, while that 

in equator area are decreased by the same 

quantity. Although the thermal expansion/contraction coefficient (α ) of niobium is actually non-Nb

linear (as shown in Fig. 1) with respect to temperature (in K), the linear approximation gives, α= 142 Nb 

-5x 10  /K. If the inside dimension of the cavity under cold and warm condition are L  and L , the COLD WARM

10.67

24.02end cells

a

b −

 =

Fig. 1: Thermal expansion of niobium.

Table 2 : Cold and Warm Dimensions of Cavity

Dimensional Cold Dimension Cold Dimension Warm Dimension
Parameters (inside) Pre-BCP treatment inside

(Designed) (mm) of 150 mm (mm) (Fabricated) (mm)

Equator radius 197.400 197.250 197.53

Iris radius 48.000 47.850 47.92

A 54.000 53.850 53.93

B 58.000 57.850 57.93

a 13.680 13.830 13.85

b 30.820 30.970 31.01

a (for end cell) 10.670 10.820 10.84

b (for end cell) 24.020 24.170 24.21

Half cell length (L/2) 70.335 70.335 70.44
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relation between them is 

established as follows.

The cold and warm dimensions 

of the cavity are tabulated in 

Table 2. 

Higher Order Modes (HOMs)

The existence of transverse and 

longitudinal HOMs of the cavity 

has been investigated using CST 

Microwave Studio code. CST 

results of one each of the 

transverse and longitudinal 

higher order modes are shown in 

Fig.2(a) & Fig.2(b) respectively, 

as examples. However, it is 

observed (from Fig.3(a) & 

Fig.3(b)) that there is no trapped 

mode (transverse or longitudinal) 

with high effective impedance. 

Hence, HOM dampers are not 

necessary  for  the  cavi ty  

operating at the beam current of 

around 2 mA.

Mechanical modal analysis

Mechanical Engineering Group 

of VECC carried out mechanical analysis of the above cavity. The mechanical modal analysis (as 

shown in Fig.4) of the cavity determines that the frequencies of mechanical modes without stiffener are 

Fig. 2: CST MWS result for one of the (a) transverse HOMs and (b) longitudinal 
HOMs for the cavity.

2(b)

2(a)

Fig. 3: Effective impedance for  (a) transverse HOMs and  (b) longitudinal HOMs.

3(b)3(a)
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below 100 Hz, which is not desirable 

for operation. However, with stiffener, 

the frequencies are increased beyond 

100 Hz. The stiffener needs to be 

placed at the radius of 133 mm. (as 

shown in Fig.5) in order to raise the 

mechanical mode above 100 Hz.

Structural analysis

The structural analysis of the cavity 

has been carried out using 3D ANSYS 

code, assuming operating temperature 

at 2K and external pressure of 3 atm, 

with boundary conditions of both ends 

being fixed.  Various stress plots 

indicate that they are within allowable 

limit. The stress integral (as shown in 

Fig.6), comprising of primary 

membrane, bending and secondary 

stress, of 4 mm. thick niobium sheet 

has been obtained as 131 MPa, which 

is well within the allowable limit of 

309 MPa, as per ASME code. 

Prototype cavity fabrication and 
testing

The half cells of the prototype 

aluminium cavity has been fabricated 

after the design and development of 

the necessary die-punch assembly. The 

inside dimensions of the half-cell has 

been measured using Laser Faro 

Coordinate measuring machine 

(CMM) and the maximum deviation of 

the order of 0.2 mm is observed. Two 

half cells have been joined to fabricate 

a single cell cavity as shown in Fig.7. 

The low power RF test has been 

carried out using Vector Network 

Analyzer (VNA) on this cavity. The 

transmission scattering parameter (S ) 21

measurement (as shown in Fig. 8) Fig. 6: Plot of stress vs. thickness of the cavity wall.

Fig. 4: Mechanical modes without stiffener.

Fig. 5: Mechanical modes vs. Stiffener position.
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shows that the resonant frequency of the 

cavity is f = 645.86350 MHz and -3dB 0 

frequencies are,  f  = 645.84860 MHz 1

and  f  = 645.87980 MHz. The half- 2

power (-3dB) bandwidth of the single 

cell cavity is . The quality factor is 

calculated as  The electric field gradient 

on the axis of the cavity is being carried 

out using bead-pull measurement set up 

already developed at VECC.

Fig. 8: Transmission Scattering parameter (S ) measurement of single cell prototype cavity.21

Fig. 7: VNA Measurement of single cell cavity.
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Fig. 1: View of the cryostat showing inner and outer shields.

253

Fig. 2: Variation of transverse and parallel attenuation with fixed
t  and changing t . 1 2

Magnetic shielding for the VECC vertical cavity test 
facility

T. K. Bhattacharyya, C. Nandi, S. Patra and G. Pal

he development of multi-cell medium-β superconducting rf linac cavity has been taken up at 

VECC as an R&D project in line with various accelerator programs (Indian SNS, ADSS and 

advanced RIB) of DAE. Design of the test cryostat for testing these cavities at liquid helium 

temperature has already been completed. A superconducting rf cavity has to be shielded from magnetic 

fields present during cool down below the critical temperature to avoid freezing in the magnetic flux at 

localized impurities, thereby degrading the cavity intrinsic quality factor Q . The design of the 0

magnetic shielding for the vertical 

cavity test facility incorporates two 

cylindrical layers: a room temperature 

'outer' shield of Mumetal and a 2K 

'inner' shield of Cryoperm 10.

Table 1: Design Parameters

Parameter Value

Cryoperm 10 room temp.
permeability, µ 10,0001

Mumetal permeability, µ 30,0002

Inner shield thickness, t 1 mm1

Outer shield thickness, t 1 mm2

Diameter of inner shield, D 480 mm1

Diameter of  outer shield, D 1422.5 mm2

Length of inner shield, L 1378 mm1

Length of outer shield, L 2850 mm2

Transverse attenuation, A 473.674⊥

Parallel attenuation, A 168.423||

It consists of a room temper outer shield 

outside the cryostat vacuum vessel (Fig. 

1) and an inner shield inside the liquid 

helium vessel. The outer room 

temperature shield is made up of 1 mm 

thick Mumetal, with a length of 2850 

mm and a diameter of 1422.5 mm. This 

T
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Report on design & assembly of magnet coil for 

prototype magnet to be built at Madurai for India-

based  neutrino  observatory  (INO)  project

S. K. Thakur

ndia-based Neutrino Observatory (INO) Project aimed at building a world-class underground 

laboratory inside the cavern of Bodi West hills of Theni District of Tamil Nadu, with a rock cover of 

approx. 1.5 km for high energy and nuclear physics research in India. The underground laboratory 

will have a large cavern of size 132m × 26m × 20m and several smaller caverns accessed by a 2.1 km 

long and 7.5 m wide tunnel. Inside the cavern, ICAL Magnets (3nos.) will be fabricated, each size:- 

16(L) ×16(W) ×15(H) m, which will be the biggest magnet on earth, consisting of 51,000 TON of iron 

arranged in stacks up to 151 layers of iron plate (thickness 56mm) with 40mm gaps in between where 

thousands of Resistive Plate Chambers (RPCs)** would be placed.

I

4.6

Fig. 1: Prototype Magnet coming up at Madurai.
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Before fabrication of huge size ICAL Magnet, a prototype of scale down to half size magnet of 

dimension 8(L) × 8(W) × 7.5(H) m having 75 layers of Iron plate weighing around 2400 Ton Iron will 

be constructed in Maduraistarting from next year. This will not only give us first-hand experience in 

working with fabrication of such a large magnet but also give the practical data of magnetic field and its 

level of accuracy with the simulation result. The design of coil along with DC power supply, the 

responsibility of VECC, is final as per the requirement provided from magnet simulation group from 

BARC and assembly details are thoroughly discussed with various teams from BARC& TIFRand 

finally sent toDSRC (Design and Safety Review Committee) for INO Magnet at BARC, Mumbai.

Prototype magnet coil details:

SN Technical Details Conductor size:- 30 x 30 mm, 17 mm bore dia,

(Design is based on the requirement provided water cooled, Hollow OFHC copper conductor.

after Magnet simulation)

21 Copper Area (mm ) 671.20 

2 Resistance/turn (L= 25m) 0.70 m Ohm (Coil H=8m, W=4m)

(Including joints)

3 Nos of Coils 2 Coils 

4 Nos. of Turns/ coil 38 T in each coil (Total:- 76 T in 2 coils)

5 Nominal Current @40,000 AT 527 Amp,

(For required field more than 1.0 T) Total power dissipation:- 14.84 KW

6 Current at 50,000 AT 657 Amp.@23.10 KW(Assuming 700 Amp 

(assuming provision of 20% extra) maximum rating of power supply)

7 Power supply requirement Volt drop in coil = 38 V @700 A

@700 Amp. P.S. Rating:- 45V/700 Amp

8 Total length of copper conductor 2400 meter

9 Total weight of copper conductor Total wt. = 14.4 Ton (for 2400 m length)

(for 2 Coils) 2400 m x 6 kg/m=  14,400kgs.

10 Water Cooling requirement 12 LPM for each 8 Turns @ I  =700A, max

 @ ∆T= 5°C, Available pressure difference ∆P = 2.5 bar drop, 12x10 water circuits= 

∆P = 6 bar. 120 LPM,  For Power Supply= 80 LPM.

11 DC Cable size 2X300 mm2FRLS type PVC insulated multi

 strand  copper cable

Note:-Some of relevant data is mentioned here in above table. Detailed design along with assembly procedures 

and their drawings are mentioned in DDR (Detailed design Report)and issent to DSRC (Design and Safety 

Review Committee) for INO Magnet at BARC, Mumbai.

Copper conductor cross section: 30mm x30mm with 17mm bore which should have properties such 

as highest purity of copper (99.99% pure) for maximum conductivity and oxygen free to get rid of 

hydrogen embrittlement during brazing as there are lots of brazing joints (more than 76x2= 152 joints) 

on the top as shown in fig-2 below.

256
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Brief report on coil assembly 
procedure

The most complexity in coil assembly is 

because of the Iron plate assembly. So, 

lower part U-shaped half coil has to be 

made first and to be installed on the 

pedestals along with temporary vertical 

supports, as shown in Fig. 3. Then Iron 

plates, each of size 2m × 4m weight 

4000 Kgs, will be stacked in 75 layers 

one over other. There are 4 nos. of cut-

outsin iron plates for accommodating 

the coils. Each coil is anchored by 

special spacers made by NEMA G-10 to 

withstand the magnetic force, as shown 

in Fig. 4. After iron plate assembly up to 

75 layers, upper U-shaped half coils 

will be brazed individually as shown in 

Fig. 2. There will be 10 water cooling 

circuits in parallel to take care of water 

pressure drop whereas all turns 

connected electrically in series. 

Copper conductor is being procured in rolled form over spool and each 200m length weighing 1200 

kgs.In order to make a U shaped half coil, following machineries or setup are required specially for this 

purposeneeded at site only (due to large size of coil) :

a) Straightening machine: for straightening the conductor from the Spool up to 21m.

b) Bending machine: Automatic bending machine fixed on two corners at a large platform of size 

8m × 4m for bending at radius 250mm and fabrication of U-shaped half coil.

257
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Fig. 3: Coils mounting on pedestals along with temporary supports.

Fig. 2: Top assembly of coils which will have 2 brazing joints in each turns. Each brazing joint must be checked online for 
resistance and leak test in order to pass the QAP (quality assurance procedure).
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c) Lathe machine: Lathe with 

s o m e  s p e c i a l  t o o l i n g  

arrangement for machining the 

ends.

d) Silver brazing setup: For 

brazing on the magnet in-situ.

e) Pneumatic type test setup: For 

Leak test at around 12 bar On-

line after each brazing joint. 

f) Resistance (micro-Ohm) 

Meter :  On- l ine  4 -p robe  

resistance measuring unit with 

greater accuracy by injecting 

current at around 100 Amp. 

Nisith Kr. Das and Pradeep Kumar

HT & LT Section, APG, VECC

n view of indigenous development of a dilution fridge to achieve sub Kelvin temperature at VECC, 

Kolkata, we have recently completed the design, fabrication and testing of the pre cooling stage for 
4the dilution refrigerator and achieved temperature below 1 K by means of He evaporation. In the 

next phase, the design and fabrication of dilution inserts essentially comprises of heat exchanger, 
3mixing chamber and He distillation container have been completed. Design and fabrication of mixing 

3chamber, He distillation chamber (Still) and gas handling system are done at our laboratory. We have 

also developed a simulation model SIDFO (Simulation of Integrated Dilution Refrigerator 
3 4Optimization) to address the issues related with varying properties of circulating He and He

fluids. 

Dilution inserts

We have designed and optimized a helical coiled heat exchanger for working at super fluid temperature 
3 4coupled with the mixing chamber for distinct separation of He and He for producing the lowest 

Design & development of dilution insets and 

computer simulation studies for the dilution 

refrigerator

I

Fig. 4: Coils and Iron Plate assembly along  with anchoring of coils
with Iron plates.
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Fig. 2.

temperature.  The fabricated heat exchanger with mixing chamber and still are shown in the fig. 1.  The 

heat exchanger plays the key role for reducing the temperature of the incoming concentrated
3He to a temperature close to that of the mixing chamber by exchanging heat with the returning dilute 

solution.

Fig. 1.

3 4The still is a copper container filled with He/ He solution in dynamic equilibrium with its vapor phase. 
3 4The vapor phase consists of mainly He with a small amount of He depending on the temperature and 

level of superfluid film creep. The primary drive of the dilution refrigerator process is the pumping of 
3He vapor away from the still. This gas circulation produces cooling in the mixing chamber.

The interface between the concentrated and dilute phase is situated inside the mixing chamber, the 
3 4coldest part of the dilution refrigerator. The He-rich concentrated phase floats above the He-rich 

dilute phase due to the weight difference between them. As the vapor phase is continuously removed 
3from the still, He moves across the interface in the mixing chamber to maintain the equilibrium, 

thereby producing cooling.
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3Among the other components He gas circulation circuit has been designed, fabricated and leak tested 

successfully.

Computer simulation studies

A comprehensive simulation module (SIDFO; Simulator Integrated Dilution Fridge Optimization,) 

has been developed and largely used for realization of the optimized thermo-dynamical cycle of the 

dilution refrigerator and diagnosis whenever necessary.  Some significant result of SIDFO is presented 

in the fig. 2.

J. Pradhan, A. Agrawal, Alok Kumar, V. Khare, S. K. Thakur
and S. Saha

he 4K- cryo-cooler based cryogenic test set-up was designed and developed  which  allows to 

cool the samples/devices to 4.2K without the inconvenience and expense of liquid helium. The 

system is specifically designed to measure superconducting critical current for both LTS and 

HTS conductors under different temperatures and magnetic fields. A laboratory scale conduction 

cooled high temperature superconducting (HTS) magnet is designed for this test set-up. There are total 

14 numbers of double pancake coils which are assembled into a magnet producing about 3Tesla of field 

at the centre. A detail elecrtro-magnetic and thermal design was carried out to fixed different 

parameters for fabrication. All the coils are fabricated in-house by wet winding method using suitable 

stycast. Subsequently individual coils were tested in liquid nitrogen for its performance evaluation. 

The magnet coil is ready for final integration with cryo-cooler.

Temperature and field distribution.

Conductively cooled HTS magnet for cryo-cooler 
based cryogenic test set-up

T
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Double pancake coil ready for testing at 77K Measured I-V curves and central magnetic field  at 77K

C. Nandi, U. Bhunia and G. Pal

 sector toroid with eight identical solenoids has been designed at VECC for 4.5 MJ SMES. 

This is a continuation program after successful development of 0.6 MJ SMES coil at VECC. 

The toroidal configuration for the 4.5 MJ SMES has been chosen due to its low stray 

magnetic field outside the coil. All eight coils will be in series. The coils will use Rutherford type Nb-Ti 

cable. To achieve high engineering current density a Cu to Sc 2:1 ratio has been chosen. Due to its high 

current and low copper to superconductor ratio it is mandatory to check safety of the coils in the event 

of any mechanical perturbation or micro heat generation inside the coil. In the event of Quench, the heat 

generation is so fast that coils can be assumed as adiabatic coil. Since almost complete magnetic energy 

stored in SMES will dump to the affected coil within very short time period, the hot spot temperature 

may rise to the alarming level or unfavorable temperature gradient in the coil may lead to the physical 

damage to the coil. 

All eight coils of the SMES will be in series. The present quench analysis has been carried out using 

Vector Field “QUENCH” code to estimate hot spot temperature and maximum voltage during quench. 

The whole magnet is initialized to the original temperature of 4.2 K and initial current of 1200 A. A 

point pulsed heat flux is added at the middle turn of coil mid plane, to initiate the quench. The power 

supply circuit isolates when the differential voltage among any two coils is more than 100 mV. Study 

has been carried out for different dump resistor. It has been observed that maximum temperature of the 

coil is going about 130K for a dump resistance of 0.2 Ohm and about 100K for 1.2Ohm. But the voltage 

in the coil rises about 2kV for a dump resistance of 0.2 Ohm and about 750 V for 1.2 Ohm. (Fig.1). It is 

Quench study of sector toroidal SMES coil 

A
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observed that more than 1.0 Ω dump resistor is required to keep the coil maximum voltage below 1 kV 

limit. But in this case the lead voltage will go to the alarming limit.

Effect of quench back heater fired upon detection of quench on maximum temperature and voltage has 

also been studied. It has been observed that if we forcefully quench all the coils using heater placed on 

the outer surface of all coils after detection of the quench, the peak voltage across the quenched coil 

reduces to 550 V with the hot spot temperature of 65 K. Dump resistance value in this case is 0.1 Ohm, 

so, the lead voltage will also be within the limit.

Fig. 1: Maximum voltage across quenched coil for different dump resistance.
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Activities of the regional radiation medicine centre,    

VECC,  year-2013

S. Sinha, B.R. Sarkar, C. Nandi, S. Mitra, A. Gupta, S. Ganguly and 
S. Saha 

Introduction

The Regional Radiation Medicine Centre (VECC), Kolkata was set up by the Department of Atomic 

Energy in the year 1989, in collaboration with the CCWHRI, Thakurpukur. This is a part of the DAE's 

charter with the same philosophy as Radiation Medicine Centre, BARC, Mumbai, to bring the benefits 

of nuclear science to the common man of Eastern India for the diagnosis and treatment of human 

diseases.  

The present activities of the RRMC include in-vivo nuclear imaging, in-vivo non-imaging studies, in-

vitro diagnostic studies, and radionuclide therapy.

In-vivo nuclear imaging

Nuclear Imaging at the RRMC is carried out on the Dual Head Gamma Camera with CT (Infinia 

Hawkeye TM) from GE. 

With this state of art gamma camera, Static imaging like Skeletal, Thyroid, Liver, I-131Large Dose 

Scan, and Dynamic imaging such as, Renal Dynamic, Hepatobiliary, G.I. bleeding, etc. are being 

performed regularly.  

This camera is also being used 

o c c a s i o n a l l y  f o r  m o r e  

sophisticated imaging like 

SPECT/CT imaging of skeletal 

system, Cardiac MUGA Studies, 

Scintimammography (Breast 

Imaging), Parathyroid imaging 

etc.  

Around 105 patients under went 

various type of Nuclear imaging 

every month during this year.

In vivo non-imaging

The main In-vivo non-imaging 

studies being performed at the 

RRMC is Thyroidal Iodine-131 

uptake studies for various 

PROGRESS REPORT 2013
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diseases of the thyroid gland.

A total number of 186 patients 

under went I-131 Uptake Study 

during this year.

In vitro diagnostic studies

In-vitro diagnostic studies being 

performed regularly at present are 

radioimmunoassay of thyroid 

hormones:

Tri-iodothyronine, (T-3) and 

Thyroxin, (T-4), as well as 

Thyroid Stimulating  Hormone 

(TSH) and Free thyroxin (Free T-

4). 

These studies are essential to 

assess thyroid function in various 

thyroid diseases.

Around 180 patients under went Radioimmunoassay studies every month during this year.

Radio nuclide therapy

The facility for High Dose Iodine – 131 Therapy of Cancer of Thyroid patients (On an Inpatients basis) 
[in collaboration with the SGCC&RI Hospital] is operating regularly.

A total number of 71 patients under went I-131 Therapy of Cancer of Thyroid during this year.

In addition, low dose Iodine I-131 Therapy is being administered to patients of Thyrotoxicosis 
(Graves's  disease) (On an 
Outpatients basis).

A total number of 68 patients 
under went I-131 Therapy of 
Thyrotoxicosis during this Year.

Research activities

Besides its routine activities, 
RRMC also carries out some 
research and development  
activities.

lAt present, we carry out 

co l labora t ive  research  

projects with the Indian 

Ins t i tu te  o f  Chemica l  

Biology, Kolkata, and the 

unit of BRIT at VECC, 

involving animal imaging 

REGIONAL RADIATION MEDICINE CENTRE

Bar Chart of Month Wise Scan-2013
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using various newly developed   radio-pharmaceuticals meant for the imaging of various organs 

or lesions. 1 no. of research papers based on these collaborative studies involving the RRMC has 

been published in international journal this year.

lHumans studies of Tc-99m produced by the TCM-AUTOSOLEX module for solvent extraction 

of Tc-99m from Mo99 (developed by the unit of BRIT at the VECC) was carried out at the RRMC 

this year. Around 70 patients underwent various types of imaging with Tc-99m DTPA (Renal 

Dynamic) Tc-99m MDP (Bone) Tc-99m Mebrofenin (Hepatobilary) etc with 

Radiopharmaceuticals labeled by Tc-99m Pertechnetate produce by AUTOSOLEX Generator. 

The images were of a quality comparable to those produced by Radiopharmaceuticals labeled by 

Tc-99m eluted from Alumina Column Generators.      

RENAL DYNAMIC IMAGING TRACER : Tc-99m DTPA

PROGRESS REPORT 2013
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Academic activities

Under the program  of short duration vocational training to students of different educational 
institutions undertaken by the VECC, we at the RRMC Imparted vocational training to 4 no. of students 
of  M. Pharm. from the Department of Pharmaceutical Technology NSHM Knowledge Campus, 
Kolkata for a period of 15 days.

 We also guided and supervised their Project (Dissertation) work.

REGIONAL RADIATION MEDICINE CENTRE

HEPATOBILARY IMAGING TRACER : Tc-99m MEBROFENIN
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Building and testing a Large Size triple GEM detector

A.K. Dubey, G.S.N. Murthy, J. Saini and S. Chattopadhyay

s part of GEM R&D related to CBM MUCH, so far, we have reported studies and 
investigations carried out using 10 cm x 10 cm GEM detector prototypes. However, the actual 
layout option of the CBM detector consists of large sector shaped chambers. In this report we 

present our first attempt towards building large size triple GEM detector. 

Stretching and framing of GEMs 

The CERN made GEM foils each having an active area of 31 cm × 31 cm and their top surfaces 
segmented into 12 strips were stretched and framed using thermal techniques. Stretching and gluing of 
GEMs is a delicate procedure and at times can be complex. The chances of mechanical sagging 
increase as the area of the foils increase. So both under-stretch and over-stretch has to be avoided. As 
shown in Fig. 1, the GEM foil was clamped inside a Perspex jig of appropriate dimensions and was 
made to stretch using heating lamps.  

55Fig. 1: Picture of the setup at VECC, for   stretching of large size GEMs(left). 31 cm x 31 cm GEM under test with Fe  source 
at VECC(right).

Once stretched, a thin layer of glue was then applied manually on the surface of an FR4 frame which 
was then gently placed over the stretched foil as shown in the picture. Appropriate temperature 
controllers were built for this purpose to maintain the temperatures within permissible limits.

Test results

A Perspex based test chamber as shown in Fig. 1(right) was fabricated for testing with radioactive 
sources and in a Ar/C0  (70/30) gas mixture at a ÄV  of about 525 Volts. The tests were carried out 2 gem

using conventional NIM electronics. The signal was readout via three strips (each  2 cm wide) as 
55indicated in the figure. Shown in the inset  is the pulse height spectra corresponding to Fe source for a 

single large GEM, with the major peak representing the 5.9 keV X-ray energy. A gain variation at the 
level of 6 % is observed. A triple GEM assembly of such locally stretched and framed large-size-GEMs 

A
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was also made and tested in the same test chamber with strip readout. A resistive chain was used to bias 
55the drift plane and the three GEMs. The first signal from this large size triple GEM using Fe source is 

shown in Fig. 2(left). Shown in Fig. 2(right) is the relative gain distribution as obtained from a position 

scan of 19 points and  this variation is seen to be below 10%.

Fig. 2: Left: Gaussian-fitted major peak of the pulse height distribution corresponds to the 5.9 keV  X-rays. Right: Relative 
gain distribution over the surface for the first indigenously stretched 31 cm 31 cm GEM foil.

Fig. 3: Left: Picture of the readout PCB. Right: Picture of the first large size triple GEM detector.

The next step was to build a large size triple GEM detector prototype for tests with proton beams. For 
this, a readout PCB with sector shaped active area having a progressively increasing pad granularity as 
determined from realistic simulations was fabricated as shown in Fig.3 (left). Consisting of about 1200 
pads the smallest pad in the PCB was of 3 mm x 3 mm and the largest one was 1.2 cm x 1.2 cm. The 
readout  tracks were fanned outwards onto the three side as shown in the picture, where it was 
connected to 9 FEBs. Arrangement for HV connections were provided on the fourth side as shown. Fig. 
3(right) shows the picture of the first large size triple GEM detector. This chamber was tested with 
proton beams at COSY accelerator facility in Julich in December 2013. The detailed analysis of the 
beam-test data is underway.
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Development of proto-type neutron detector for 

MONSTER

K. Banerjee, Pratap Roy, C. Bhattacharya, J. K. Meena, R. Pandey, 
T. K. Ghosh, S. Kundu, T. K. Rana, G. Mukherjee, A. K. Saha,

1J. K. Sahoo, R. Mandal Saha, S. Bhattacharya, A. Saxena ,
2 3 3 3 3B. Behera ,T. Martýnez , D. Cano-Ott , J. Castilla , A. R. Garcia ,

3 3 3 3 3J. Marin , G. Martinez , E. Mendoza , C. Santos , F. J. Tera ,
3 4 4 4D. Villamarin , J. Agramunt , A. Algora , C. Domingo , M. D. 

4 4 4 5 5Jordan , B. Rubio , J. L. Tain , H. Penttila , A. Jokinen , S. Rinta-
5 6 7Antila , C. Guerrero  and M. C. Ovejero

1Bhabha Atomic Research Centre (BARC), Mumbai, India
2Panjabi University, Chandigarh, India
3CIEMAT, Avda. Complutense, 40, Madrid, 28040, Spain
4Instituto de F´ýsica Corpuscular, CSIC-Universidad de Valencia, Spain
5JYFL, University of Jyvaskyla, Finland
6CERN, Geneva, Switzerland
7Universidad de Sevilla, Sevilla, Spain

he structure of neutron rich nuclei has immense importance in nuclear structure physics, 
astrophysics as well as from nuclear technology point of view. Decay of neutron rich nuclei is 
often associated with abundant emission of neutron. The neutron rich nuclei generally 

associated with a high Q  value and their daughter nuclei have relatively low neutron separation b

energy. Therefore these nuclei are often associated with delayed neutron emission from the populated 

unbound levels after the initial b decay. In order to establish full decay strength, neutron measurement 
up to 10 MeV with good detection 
efficiency and high energy resolution is 
required. Highly neutron rich system 
may decay through the emission of 
multiple neutrons, so a detector system 
with multiple neutron detection 
capability and having minimum cross 
talk is desirable. A neutron detector 
array MONSTER (MOdular Neutron 
SpectromeTER) [1, 2] has been 
proposed for the measurement of the  
decay properties of neutron rich 
isotopes at the DESPEC (decay 
spectroscopy) experiment at FAIR. The 

spectrometer will be sensitive to b-
delayed neutron with energies ranging 
from 300 keV to several MeV and allow 
reconstructing its energy by time of 

T

Fig. 1: Photograph of the MONSTER cell.
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flight. The MONSTER will consist of ~ 100 numbers of BC501A liquid scintillator based neutron 
detectors. Part of the proposed MONSTER is being built in INDIA and part of it in SPAIN. Here we 
report performance of the first indigenously developed MONSTER module at VECC which has been 
shown in Figure.1. The detector consists of a cylindrical aluminium chamber with 8 inch diameter and 
2 inch thickness filled with BC501A liquid scintillator. The liquid sealing is done with a 9 mm thick 
quartz glass. The liquid chamber is coupled with a conical shape acrylic light guide. The light guide is 
finally connected with a Hamamatsu photomultiplier tube R4144, which convert the scintillation light 
into electrical signal.

The detector was thoroughly tested using standard g-ray and neutron sources. The pulse shape 
discrimination (PSD) property of the detector was studied by the zero cross over (ZCO) technique [3] 

241 9using a Am- Be neutron source. The pulse shape discrimination property can be described 

quantitatively by the figure of merit defined as M = D/(d + d), where D is the separation between the  n g

g-peak and the neutron peak, d , d are the full width at half maximum of g and neutron peaks g n

respectively. Fig. 2 (left) shows the measured figure of merit as a function of pulse height threshold. 
The figure of merit gradually improves with detector threshold and it finally saturates to a value 1.6 at 

around 160 keVee threshold. A typical ZCO spectrum showing the n-g spectrum at a threshold of 
200keVee has been shown in Fig. 2 (right).

Fig. 2: (Left) Figure of merit vs pulse height threshold, (Right) n-g pulse shape discrimination spectra at 200 keVee
threshold.

137Fig. 3: (Left) Pulse height response of g-rays from Cs source, (Right) Timing spectra between BaF  detector and 2

MONSTER cell.
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We have noticed that, charge particle multiplicity distributions can be described by a negative 
binomial distribution (NBD) of the form:

where k  is another parameter from the multiplicity distributions and it is related to width of the NBD

distributions. In our work, we relate multiplicity fluctuation with the multiplicity-distribution 
parameters for different systems.

Recently, the source of the multiplicity fluctuation has been extensively studied theoretically in the 
microscopic level. Within framework of the relativistic  fluctuating hydrodynamics, entropy and in 
turn, e-by-e multiplicity fluctuation has been studied as the outcome of noises during hydrodynamic 
evolution of the quark-gluon fluid created in high-energy nuclear collisions, even if the initial state is 
the same in a macroscopic sense. Detailed analysis including connection to theoretical models is in 
progress. 

Partha Pratim Bhaduri, A. K. Chaudhuri and Subhasis Chattopadhyay

n relativistic heavy-ion collisions, J/y suppression has long been identified as a potential probe to 
indicate the possible occurrence of deconfinement phase transition to quark-gluon plasma (QGP) 
[1]. Till date no measurement however exists on charmonium production in heavy-ion collisions 

below the top SPS energy (E = 158 A GeV), primarily due to their extremely low production cross b  

sections, which in turn demands extremely high beam intensities and detectors with large rate 
capability. The upcoming Compressed Baryonic Matter (CBM) experiment at FAIR [2], in GSI, 
Germany, for the first time, is aiming at the measurement of charmonium suppression in low energy 
nuclear collisions, at beam kinetic energies ranging from E = 10 – 40 A GeV. In this energy domain, b 

highest possible baryon densities are expected to be produced at the center of the collision zone [3] 
which might lead to a density driven QCD phase transition of the nuclear matter to a baryon rich 
quark-gluon plasma. Recently we have investigated [4] the survival probability of different 
charmonium states, in a high baryon density parton plasma, expected to be produced in nuclear 
collisions at FAIR. Charmonia are assumed undergo complete dissociation by color screening, if the 
in-medium Debye radius becomes comparable to the spatial size of the corresponding bound state. 
Our results indicate a non-trivial dependence of the suppression pattern on the plasma evolution 
dynamics.  A much larger magnitude of suppression is foreseen induced by cold nuclear matter 
compared to that due to plasma screening.

References

 [1] T. Matsui and H. Satz, Phys. Lett. B 178, 416 (1986).

[2] P. Senger, Nucl. Phys. A 862-863, 139 (2011). 

[3] I. C. Arsene et. al., Phys. Rev. C 75, 034902 (2007).

[4] P. P. Bhaduri, A. K. Chaudhuri and S. Chattopadhyay, Phys. Rev. C 88, 034902 (2013) (Rapid Communication)

Charmonium suppression in a baryon-rich quark-
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Fractal structure of near-threshold quarkonium 

production off cold nuclear matter

J/y detection via di-muon channel in the CBM 

experiment at FAIR

1Partha Pratim Bhaduri  and Sourendu Gupta
1Department of Theoretical Physics, Tata Institute of Fundamental  Research, Homi Bhabha Road, 
Mumbai 400005, India. 

e investigate near-threshold production of quarkonium resonances in cold nuclear matter 
through a phenomenologically motivated scaling theory with two exponents [1] which are 

fixed by existing data on near-threshold J/y production in proton-nucleus (p+A) 
collisions.  The scaling theory can be tested and refined in experiments at the upcoming high-intensity 
FAIR accelerator complex in GSI. This study is an alternative approach to the models studying 
quarkonium production, which employ standard perturbative methods of QCD to calculate 
production cross section of the heavy quark pair (cc-bar or bb-bar). Such perturbative QCD 
calculations are based on the factorization theorem of QCD which assumes collinear factorization in 
the initial state. However such factorizations are believed to work well only in the high energy domain 
and might not be viable at low energies like those available at FAIR.  Thus this phenomenological 
work looks for an alternative prescription, not based on QCD factorizations and is believed to work at 
low energies like those will be provided at FAIR. 

References

[1] Partha Pratim Bhaduri and Sourendu Gupta, Phys. Rev. C 88 (2013), 045205.

 

Partha Pratim Bhaduri for CBM Collaboration

n the upcoming Compressed Baryonic Matter (CBM) experiment [1], at the FAIR accelerator 
center at GSI Darmstadt, the proposed key observables include the measurement of J/y mesons, 
which are believed to carry the information about the color confining status of the medium 

produced in the early stage of the collisions.  J/y mesons will be measured via their decay into the di-
lepton channels and a muon detector system is being developed for reconstruction of full di-muon 
spectra [2]. In this report we plan to discuss our latest results based on realistic simulation, on 
performance of J/y detection via di-muon channel in 25 A GeV central Au+Au collisions, relevant for 
SIS-300 program of FAIR.

The presently optimized SIS-300 layout of the muon detection system is employed for the study.  It 
comprises of 6 absorbers, first one made of 60 cm carbon and rest of iron and 6 tracking stations located 
between the absorber segments. Each tracking station consists of three layers of high resolution argon 
based gaseous chambers. The total number of layers is 18 (3 behind each absorber). The total absorber 
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length in the current design amounts to 265 cm divided into 60 cm carbon and (20 + 20 + 30 + 35 + 100) 
cm of iron which is equivalent to 13.5 times the hadronic interaction length. An additional lead 
shielding is used around the beam pipe to reduce the background of secondary electrons produced in 

o othe beam pipe. The angular acceptance of the detector spans approximately from 5  to 27  . The lateral 
size of the absorbers is sufficient to completely shield the detector chambers from particles emitted 
from the target. Each detector plane is sub divided into a number of trapezoidal sector-shaped modules.  
Detector modules are filled with argon gas as the active medium of depth 3mm. The distance between 
chamber centres is fixed to 10 cm. to provide enough space for accommodating the detector profile 
which includes electronics boards, mechanics, cooling arrangement among the others.  

Fig. 1:  J/y invariant mass spectra reconstructed in muon channel in 25 A central GeV Au+Au collisions.

In our study, the event generators PLUTO [3] and UrQMD-3.3 [4]have been respectively used for 
generating signals and background particles.  The standard procedure, provided by CBMROOT 
framework is used for full event simulation and track reconstruction. More details of the different steps 
of simulation and reconstruction can be found in [2]. For the analysis, a set of track quality cuts is 
applied to the global tracks to identify the muon candidates. Best results, as far as J/y reconstruction 
efficiency and signal-to-background (S/B) are concerned, is obtained if tracks are selected having : (i) 

2 2more than 6 STS hits (ii) more than 17 muon hits iii) track STS c  £ 1.5 iv) track much c  £ 1.5 and v) 
2vertex  c   £  2. The invariant mass spectra for the J/y mesons added to the combinatorial background is 

shown in Fig.1. The J/y mass peak is clearly visible over the background. The pair reconstruction 
efficiency (including the geometrical acceptance of the detector) and S/B ratio are respectively found 
to be 7.5 % and 1.57. The di-muon mass resolution is found to be s  = 28 MeV, which can be attributed M

to the low material budget of STS, which determines the track momentum. Use of the time-of-flight 
(TOF) information reduces the pair  reconstruction efficiency further to 4.5 % but improves the S/B 
value to 2. 

References
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Using nuclear shape to constrain the mechanism of 
particle production at relativistic energies

Prithwish Tribedy

he Relativistic Heavy Ion Collider (RHIC) at BNL has recently provided unpolarized U+U 

collisions at center of mass energy of 193 GeV along with usual Au+Au collisions at 200 GeV. 

The key interest for such program is to understand the initial stages of heavy ion collisions. We 

argue that a first principle study of these systems can help us to understand the mechanism of particle 
238 197production at relativistic energies. Uranium ( U)  and Gold ( Au)  nuclei comes with natural 92 7 9

prolate and oblate deformations respectively. For collisions of such systems it is possible to trigger 

certain configurations of the colliding geometries which enable us to study the role of initial state 

fluctuations and the mechanism of particle production at relativistic energies. 

Tip-tip collision of two uranium nuclei Side-side collision of two uranium nuclei

Tip-tip collision of two gold nuclei Side-side collision of two gold nuclei

Fig. 1: Different collision geometries for U+U and Au+Au collisions, these configurations are triggered by putting cuts on 
the number of spectator neutrons using Zero-Degree Calorimeter.

We employ two different approaches to predict the correlation between eccentricity (å ) and 2

multiplicity of produced charged particles (N ) in each collision. Eccentricity å  is related to the ch 2,

T
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model, whereas CGC predicts a small negative slope. Preliminary results on the v  of charged particles 2

as a function of the scaled multiplicity have been compared to both CGC and MC-Glauber model 

predictions by the STAR collaboration. The CGC model predictions were found to be more 

compatible with the experimental results. Such results therefore highly constrain the theoretical 

description of the initial state in heavy-ion collisions.

Reference

[1] B. Schenke, P. Tribedy and R. Venugopalan, Phys. Rev. C 89 (2014) 064908, Phys.Rev.Lett.108 (2012) 252301,  
Phys. Rev. C86 (2012) 034908. 

Vikas Singhal and Prasun Singha Roy

uring the year 2013 Kolkata Tier-2 site has been running successfully with its all the 

available resources. This could be achieved due to the green and efficient cooling solution 

which was implemented in January 2012 (Reported in the VECC progress report 2012). 

During the year, time to time software and middleware at the site were upgraded as per the WLCG 

(Worldwide LHC Computing Grid) and ALICE experiment specific requirement. Operating system 

on all the servers under the Grid Computing facility had been upgraded from SLC 5 to SLC 6 

(Scientific Linux CERN), as this is a major upgradation which means almost setup of entire facility by 

scratch. During the year Grid middleware upgraded from gLite to EMI-2 (European Middleware 

Initiative) on all the Kolkata Tier-2 server like on Computing Element, Worker Nodes, Storage 

Element servers etc. Apart from OS and middleware a new software CVMFS (Cern Virtual Machine 

File System) implemented on all the WNs and on the VOBOX, which enabled the efficient VFS 

(virtual file system) for the site. After implementation of CVMFS, ALICE software packages have 

been downloaded on demand. For load balancing, 2 squid servers named squid01 and squid02 

(internal.tier2-kol.res.in), were created as proxy server of the CVMFS.

During year 2013 Grid computing facility's internal network backbone had been successfully 

upgraded from 1Gbps to 10Gbps. For this 2 * 10 gigabit Switches were procured and configured 

accordingly. Other than switch all the servers connectivity upgraded to 10 Gbps by configuring 1Gbps 

to 10Gbps modules in all the blade enclosure and replacing 1Gbps NIC to 10Gbps NIC on all the rack 

servers. 

Kolkata Tier-2 @ ALICE grid status and plan

D
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The CBM Di-Muon trigger on heterogeneous 
computing platforms

1V. Singhal, S. Chattopadhyay and V. Friese
1GSI Darmstadt, D-64291 Darmstadt, Germany

he huge amount of data expected to be produced by the CBM experiment requires efficient, 
fast and massively parallel computing power for the online data suppression. The di-muon 
software trigger of CBM is based on the extrapolation of two tracklets found after the last 

absorber towards the target. The algorithm was described earlier in ref. [1]. We have been performing a 
systematic study for the computation of this algorithm on heterogeneous platforms, using all currently 
available parallel computing paradigms like MPI (Message Passing Interface) and OpenMP (Open 
Multi Processing) for CPUs, OpenCL (Open Compute Language) as open standard, and CUDA 
(Compute Unified Device Architecture) for NVIDA GPUs. In this report, we present a comparison of 
the results obtained with MPI, OpenMP and OpenCL; results using CUDA have been reported in ref. 
[1].

Fig. 1: Time comparison between CUDA and OpenCL for NVIDIA's Tesla and Quadro GPUs.

The experimental setup consisted of two machines: one workstation (Dell T7500) with two Intel Xeon 
2.8 GHz 6-core processors with 2 GB/core RAM and two NVIDIA GPUs (Tesla C2075 and Quadro 
4000), and another HP AMD-based server with four AMD Opteron 2.6GHz processors with 16 cores 
and 4GB/core RAM. Fig. 1 shows the process execution time on GPU for different numbers of events 
processed at the same time. We find that the cross-platform standard OpenCL performs only slightly 
worse than the NVIDIA-native language CUDA.

The performances of the OpenMP and MPI implementations of the algorithm on the multi-core Intel 
machine are compared in Fig. 2, where the execution times are shown as function of the number of 
parallel threads. We find for both programming paradigms an inverse linear scaling of the execution 
time up to 12 threads, from when on the execution time increases again; this signals that from this point 

T
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on, the context switching time starts to dominate on the total process time. The same test was 
performed on the AMD 64-core machine, with similar results. The performance of the MPI 
implementation is slightly better than that of OpenMP. We attribute this to the fact that the process 
does not use shared memory or inter-thread communication.

Fig. 2: Time comparison between OpenMP and MPI as a function of the number of Intel CPU cores used in parallel.

Fig. 3 shows the comparison of the performances found with OpenCL, OpenMP and MPI on the two 

hardware architectures under study. On both computers, we find OpenCL to perform significantly 

better than the other two implementations. The reason in our opinion is the better ability of OpenCL to 

produce vectorized code in an automatized way. The performance of OpenMP and MPI can be 

possibly improved by manual vectorization.

Fig. 3: Time comparison between OpenMP, MPI and OpenCL on Intel and AMD CPUs.
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In summary, we find that OpenCL provides the most performant programming paradigm on many-
core CPUs. On GPUs, it is only slightly less performant than CUDA. This performance penalty is 
outweighed by the big advantage to be platform-independent.

Reference

[1] V. Singhal et al., Proc. DAE Symp. on Nucl. Phys. 57 (2012) 972

Premomoy Ghosh and Sanjib Muhuri

he major experiments at the Large Hadron Collider, depending on specific physics 
requirements, have detector setups of different geometrical acceptance for detecting several 
kinds of particles in different kinematic ranges. Beside the specific physics goals, all these 

detector setups facilitate study of the physics of the collisions, in general, by implicitly recording 
information on particle productions in terms of a few basic observables. Sometimes, comparisons of 
data recorded in different acceptance of detectors of these experiments could provide insights to the 
particle production mechanisms in different phase-space of collisions, due to different kinematic 
origin. In this respect, out of the four major experiments at the LHC, the Large Hadron Collider Beauty 
(LHCb) experiment has a unique standing. While A Large Ion Collider Experiment (ALICE), the 
Compact Muon Solenoid (CMS) experiment and A Toroidal LHC Apparatus (ATLAS) experiment 
primarily address the mid-rapidity physics by measuring majority of the produced charged particles in 
the mid-rapidity region, the LHCb setup allows measurement of charged particles in the forward 
rapidity region, facilitating the study of forward physics. The multiplicity distribution of primary 
charged particles produced in collisions is one of the most basic observables, characterizing the final 
states of multi-particle production process in a high - energy physics experiment. The two-parameter 
NBD function, as given below in Eq. - (1) played a significant role in describing multiplicity 
distributions of produced charged particles in the mid-rapidity region in collisions for a wide range of 
the centre-of-mass energy, including 7 TeV [1].

n   k   P(n,<n>,k)=[G(k+n)/{G(k)G(n+1)}] [<n>/(k+<n>)]  [k/(k+<n> )] (1)

Where <n> is the average multiplicity and the parameter k is related to dispersion, 
2 2 2 2 2D (D = <n  > - <n> ) by D /<n>   = 1/<n>  + 1/k.

According to a two-component model [2], the shoulder-like structure in the multiplicity distribution 

of hadronic collisions at Ös = 900 GeV and 1.8 TeV could be explained by weighted superposition of 
two NBDs, representing two classes of events, ̀ `semi-hard - events with mini-jets or jets'' and ̀ `soft - 
events without mini-jets or jets''. The resulting function of the weighted superposition of two NBDs is 
given by:

P (Ös,h) = a(vs)P [<n> (Ös,h),k (Ös,h)]+[1-a(Ös)] xn c soft n soft c soft c soft

P [<n> (Ös,h),k (Ös,h)] (2)n semihard c semihard c

Multiplicity distributions in the forward rapidity 
region in proton-proton collisions at the Large Hadron 
Collider
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core of Neutron Stars and a few micro-second old Universe after the Big-bang. The High-energy 
collisions of heavy ions, forming matter of finite extension (popularly termed as a "fireball") at 
extreme temperature and density, are considered as the potential means for creating QGP in the 
laboratory. The QGP could indeed be formed in the laboratory, as has been confirmed by experiments 
with collisions of heavy ions at the Relativistic Heavy Ion Collider (RHIC) at the Brookhaven 
National Laboratory. In extracting signals of QGP in heavy-ion collisions, in some cases, the data of 
proton-proton collisions at the same energy serve the baseline, as the proton-proton (pp) collisions are 
not expected to form similar hydrodynamic system according to the general understanding based on 
most of the theoretical and phenomenological models, in practice. However, recent data of pp 
collisions at the Large Hadron Collider (LHC) at much higher energies than the highest available 
energy at RHIC show some features, which resemble the data of the heavy-ion collisions that 
confirmed formation of the QGP at the laboratory, indicating the possibility of formation of similar 
medium at the pp collisions. In view of further understanding of the features in pp collisions at the 
LHC, we analyzed the data of pp collisions in terms of a hydrodynamics-motivated model which is 
well tested in the study of transverse radial flow for the established hydrodynamic systems formed in 
heavy-ion collisions. Our analysis extracts strong indication of transverse radial flow and so 
formation of a collective medium in high multiplicity pp-events. 

In a hydrodynamic picture, the collective radial flow is generated due to the pressure gradient in the 
system. The larger the pressure gradient, the greater is the radial flow velocity. The profile of the 
pressure gradient is determined by the initial energy density and the spatial size or lifetime of the 
system formed in the collision. A higher initial energy density and smaller size of the system generates 
larger pressure gradient. The high-multiplicity pp collisions at LHC energies thus likely to generate 
larger pressure gradient as compared to the heavy-ion collisions at SPS, RHIC and LHC or the pPb 

collisions at LHC at similar centrality (dn /dh). Also, the pressure gradient in PbPb collisions at Ös  ch NN

= 2.76 TeV is larger than that in AuAu collisions at RHIC energies and similarly, that is larger for pPb 

collisions at Ös  = 5.02 TeV as compared to PbPb collisions at Ös  =  2.76 TeV. NN NN

Fig. 1 Fig. 2

Thus the centre-of-mass energy, the centrality (dn /dh) and the system (pp, pA and AA) dependences ch

of transverse radial velocity, b, as a consequence of stronger radial gradients, as has been observed 
from our analysis (and the previous studies) and as shown in the figure above appear consistent.

137The pulse height response of the detector has been measured using a Cs ã-ray source. The same has 
also been estimated using Monte Carlo simulation. The Compton edge in the calculated spectrum was 
then folded with a Gaussian distribution to match the experimental spectra. Figure 3 shows the 
measured pulse height response compared with theoretical prediction. The width of the Gaussian 
distribution which gives the pulse height resolution at the Compton edge was found to be around 10% 
at 477 keV in the present case. Intrinsic time resolution of the detector was measured using by the time 

3of flight (TOF) technique. Where the start of the TOF was taken from a 3.5 × 3.5 × 5 cm  of BaF  2

detector and the stop signal was taken from the liquid scintillator neutron detector. The intrinsic time 
resolution of the neutron detector was found to be ~ 0.635 nsec at a threshold of 100 keVee. The more 
detail testing such as pulse height resolution in a wider energy range and neutron detection efficiency 
of the MONSTER cell is presently underway.

References

[1] A. R. Garcia et. al. JINST 7, C05012, (2012).

[2] T. Martnez et. al., Nuclear Data Sheets 120 ,78 (2014).

[3] K. Banerjee, et.al, Nucl. Inst. Meth A 608, 440 (2009).

Maitreyee Mukherjee and Tapan Nayak

luctuations of various observables in heavy-ion collisions at ultra-relativistic energies have 
been extensively studied in literature as they provide important signals regarding the formation 
of the Quark Gluon Plasma. Because of the large number of produced particles in each event, a 

detailed study of event-by-event multiplicity fluctuations has been proposed. Multiplicity fluctuation 
study is the basic study as many of the observables such as mean transverse momentum, temperature, 
energy density, transverse energy etc. are affected by the fluctuation in the number of produced 
particles. Since multiplicity of produced particles is an important quantity to characterize the evolving 
system, its ?uctuation from event to event may provide a distinct signal of the phase transition from 
hadronic gas to quark gluon plasma.

In the context of the analysis regarding multiplicity fluctuations, the shape of the multiplicity 
distributions provides a good amount of information. The parameters characterizing the multiplicity 
distributions can be connected to the early stages of collision and it is important to investigate how 
these parameters change for different systems from symmetric systems (proton-proton, lead-lead) to 
asymmetric systems (proton-lead). The ALICE experiment at the Large Hadron Collider, CERN 

-4probes a continuous range of Bjorken-x below 10  with the central detectors. Thus, ALICE 
experiment will be able to access a novel regime where initial state effects can be studied very well.

2In our work, we calculate the scaled variances (= s/m) of the charged particle multiplicity 
distributions as a function of multiplicity or centrality in pp, p-Pb and Pb-Pb collisions at the LHC 

energies. Here m and s denote the mean and width of the multiplicity distributions.

Multiplicity fluctuations in high-energy proton-

proton and heavy-ion collisions

F
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The transverse radial flow, however, is not seen in the minimum-bias events of pp collisions at LHC at 

Ös = 0.9, 2.76 and 7 TeV. The species dependence blast-wave study has been carried out for ð, K and 
s -p(p-bar) and for all strange particles, K , Ë and Î . While the measured spectra of ð, K and p(p-bar) 0

from the minimum-bias events of pp collisions at LHC at Ös = 0.9, 2.76 and 7 TeV do not fit the Blast 
s -Wave description, the spectra for K , Ë and Î  from the NSD events at Ös = 0.9 and 7 TeV could be 0

sdescribed by the blast-wave model (Fig.2). The observation of the good description of spectra for K , 0

-Ë and Î  by Balst Wave Model could be linked to the viewpoint of the early freeze-out of multi-strange 
particles, as has been interpreted from the SPS and RHIC heavy-ion data analysis. The indication of 
collectivity, however, does not confirm formation of the QGP in pp collisions. One needs to search for 
more confirmative signal for the QGP, if formed in pp collisions. 
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Somnath Kar and Premomoy Ghosh

wo-particle azimuthal correlations in different kinematic ranges have played a crucial role in 
the understanding the jet production and modification in relativistic heavy-ion collisions, at 
RHIC and LHC energies. As the heavy quarks are predominantly produced in the initial phase 

of the collision, before the formation of the medium, they experience the full evolution of the medium 
and lose energy via both collisional and radiative processes. This effect of medium on heavy quarks 
has been observed by several experiments of heavy-ion collisions. Azimuthal correlations between 
particles from heavy-flavor decays and hadrons are sensitive to the path length dependence of heavy-
quark energy loss and can help to understand how heavy quark jets get modified in the medium. The 
energy loss in the medium formed in Pb-Pb collisions is, however, estimated with reference to similar 
study at pp collisions where formation of medium is not expected according to the general 
understanding of multi-particle production mechanism in pp collisions. For further tuning of the effect 
of hot-medium or the QGP, the cold nuclear matter effect, that comes as a initial state effect due to 
presence of a large number of nucleons in heavy-ion also needs to be considered. Experimentally, the 
cold nuclear matter effect in case of PbPb collisions is estimated by studying pPb collisions. To 
estimate the cold nuclear matter effect for PbPb collisions at the LHC, we analyze the p-Pb collisions 

0  at Ös  = 5.02 TeV. Here we report the status of the analysis of D (cû) -hadron azimuthal correlations in 
the pPb collisions. 

        We analyze the p-Pb data as have been recorded by the ALICE setup at the LHC in the year 2013. 
Almost 130 million minimum-bias events have been studied. First we calculate the invariant mass 

0spectra for the trigger particle (D ) in different transverse momentum (p ) range. With these T

0D  – hadron correlations in proton-lead collisions at 
the Large Hadron Collider 

T
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0reconstructed (D ), the correlations for the different p  window have been calculated for the associated T

particles with different p  threshold. The following figures describe the recent sample results for our T

work. We studied the mass spectra for different p - range in order to select our trigger in such a p  range T T

where we will not be running out of statistics. In figs. – 2 and 3, we show two correlation plots for two 
0 different p  threshold of the associated charged hadrons for the same D - p  of the trigger. T T

0  0Fig. 1: Invariant mass spectra for the D for the different D  p  ranges.T

From these two correlation plots we can see that with the higher p  threshold for the associated T

0particle, the uncorrelated background is less for the higher threshold for the same D  p  range. These T

are not normalized per trigger and not corrected by efficiencies of trigger or associated charged 
particles. The analysis is in progress.

Fig-2 Fig-3

assocFig-2 and Fig-3. Show background subtracted azimuthal correlation distributions for D0 with 8 < p  < 16 GeV/c with p  > T T

1 GeV/c and 0.3 GeV/c, respectively. Near side (? ö ~ 0) and away side (? ö ~ ð) peaks are clearly visible.
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Test and characterization of prototype silicon-

tungsten electromagnetic calorimeter for FOCAL

S. Muhuri, T. K. Nayak, J. Saini, S. A. Khan and R. Singaraju

n high energy particle physics experiments, sampling calorimeters, segmented both in 

longitudinal and in transverse directions, are considered to be ideal for accurate characterization 

of an incoming particles in terms of their positions and energies specifically for high multiplicity 

density environment. In our study we had considered Si-W calorimeter, using tungsten as 

converters/absorbers and segmented silicon pad detectors as active medium.  Because of good energy 

and position resolution, silicon detectors are considered to provide the most suitable detection 

medium. Although the silicon pad detectors  used here have no intrinsic charge gain, they exhibit  

good charge collection efficiency, fast response time and  require low bias voltage to achieve full 

depletion. Low sensitivity to the magnetic field enables silicon to be compatible with complex 

experimental setup in high magnetic field environment.  At the same time, use of tungsten as absorber 

makes the electromagnetic calorimeter relatively compact and helps to achieve full energy 

containment safely. Combination of silicon and tungsten layers offer one of the most novel designs for 

calorimetry in high energy physics experiments.

For this purpose a detail and exhaustive study of a mini prototype made up with silicon pad detector 
90and tungsten has been performed with Sr beta source for preliminary test and with PS beam line at 

CERN for practical feasibility.  Characterization of the prototype with the test results showed its 

excellent potential and workability.

Each and every single silicon pad 

detector of the calorimeter layers was 
90tested in the laboratory with Sr beta-

source (with end point energy of 0.546 

MeV). The optimum operating voltage 

of the detector has been determined 

after performing a detailed voltage 

scan. It has been observed that the 

detector can be operated at 60 Volts with 

reasonably good signal to noise ratio 

and achieved full depletion. The source 

is placed on top of one of the triggering 

scintillator used in the two-fold 

coincidence logic for trigger. Detector 

response using conventional NIM 

electronics for each silicon pad element 

has been carried out extensively. Fig. 1 

shows typical response for a single 

silicon pad detector. Part of the noise 

peak is seen on the left and the signal 

I

90Fig. 1 : Response of a single silicon pad detector to Sr source. A clear 
peak corresponding to beta energy of 0.546 MeV is  visible on the right, 
well separated from the noise.
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from the beta source is clearly seen on 

the right. This elucidates efficient 

workability of each element of the 

silicon detector array. To understand the 

exact detector response and energy loss, 

tests with pion and electron beams of 

different energies have been performed.

The test beam data for incident pions 

and electrons with the mini-prototype 

has been completed and compared to 

those from that of simulated data. The 

simulation takes care of each and every 

aspect of the actual experimental setup. 

The simulated data gives the energy 

deposition in each silicon pad for 

different incoming beams. Responses 

from each layer of the detector have 

been extracted by summing up the 

signals from each layer. The mini-

prototype was exposed to pion and 

electron beams. Due to lighter mass and 

electromagnetic nature, electrons 

produce shower which propagate 

through the layers of the prototype and 

leave its footprints for offline 

reconstruction. Pions are less likely to 

produce shower within the depth of the 

calorimeter, and behave like minimum 

ionizing particles following landau 

distribution. Analysis of test beam data 

showed that pions behave like MIP with 

a most probable value of 17 ADC. 

Electrons produce electromagnetic shower in the mini-prototype. The shower shape and energy 

deposition in each silicon layer are important inputs for optimizing the granularity along with 

transverse and longitudinal leakage of incident energy in the calorimeter. Fig. 2 gives the energy 

deposition of electromagnetic showers produced after 2X0 for three different electron energies. 

Shower profile found to be not so well developed for 1 GeV electron whereas with the increase of 

incident electron energy the distribution becomes more towards Gaussian. 

The mean of the distributions found to shift to larger depth with the increase of energy as expected 

(Fig. 2) for the incident particle. The shower profiles from simulation and data are compared and 

found to be encouraging. The energy depositions for all combinations of absorber material thickness 

and beam energies from simulations and the experimental data have been calculated and plotted in 

Figure-3. The abscissa gives the energy deposition from simulated data whereas the ordinate shows 

Fig. 2 : Response of silicon pad detector arrays for electron at three 
different energies, after 2X0 thick tungsten absorber.
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the experimental observations. For the 

electron data, signals corresponding to 

each layer as well as sum of signals 

from different layers are presented. 

MIP result is also superimposed on the 

same figure. A linear relationship is 

observed over a wide range of energy 

depositions. A linear fit through the 

data points yields, ADC = 46.7 ×Edep + 

26, where Edep is expressed in MeV. 

The offset may be because of the 

electronics conversion and gain. This 

result assures the quality of the 

measurement and will be useful while 

designing the full Silicon-tungsten 

calorimeter.

1Swagata Mandal, Suman Sau , Jogender Saini, Susanta Kumar 
1Pal, Subhasis Chattopadhyay and Amlan Chakrabarty

1University of Calcutta

he Compressed Baryonic Matter (CBM) experiment is a part of the Facility for Antiproton and 
Ion Research (FAIR) in Darmstadt at the GSI. UNILAC (Universal Linear Accelerator) and 
SIS18 are already working at GSI. The planned extension consists of two high-energy 

Development of FPGA based readout chain of Muon 
Chamber (MUCH) for CBM experiment

T

Fig. 3 : Conversion Curve from experimental data (ADC) to energy 
deposition from simulated data (MeV).

Fig. 1: Basic Readout Chain for testing of MUCH-XYTER.
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superconducting synchrotrons, SIS100 and SIS300, built on top of each other in a subterranean tunnel. 
The CBM experiment investigates the highly compressed nuclear matter using nucleus-nucleus 
collisions. This experiment will examine heavyion collisions in fixed target geometry and will be able 
to measure hadrons, electrons and muons. Detecting these set of particles require fast, and radiation 
hardened detector systems, which are positioned in dense arrangements and readout by front-end 
electronics (FEE). Muon Chamber (MUCH) is used to detect low momentum muons in an 
environment of high particle densities.

The read out architecture of MUCH-XYTER used in CBM experiment is shown in Fig.1.

MUCH-XYTER is directly connected with the detector to collect the data and send the data to GBTx 

through E-link. GBTx will receive the data from MUCH-XYTER, encode it by (60,44) Read Solomon 

burst error correcting code, scramble and transmit the data to Data processing Board (DPB) through 

4.8 Gbps optical link. DPB transmit the receive data to FLIB (First level event selector interface 

board) through 10 Gbps optical link and deliver very low jitter clock. DPB is time synchronized by 

white rabbit algorithm. FLIB partitioned the receive data into microslices and implement different 

detector specific firmware. For connection between different boards different high speed 

interconnections like PCIe (Peripheral Component Interconnect Express), Gigabit Ethernet, E-link 

are tested in our lab. For testing purpose we have used KC705 board. As a first step towards the 

implementation of readout chain, we tried to implement FPGA based GBTx emulator in our lab. Set up 

in VECC to test the GBTx is shown below in fig. 2.

Fig. 2: Set up in VECC to test GBTx.

Results obtained during the testing of GBTx in loopback mode using chipscope-pro is shown below in 
fig. 3.
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Fig.3:Results Obtained in loopback mode using chipscope pro.

As shown in the fig.3 whole GBT bank and multigigabit transceiver work properly. In loopback mode 
we have transmitted the data “0x0000BABEAC1DACDCFFFFF” and receive the same one without 
any error. Apart from this a fifo is designed to interface E-link with GBTx. 

1Shuaib Ahmad Khan, Jubin Mitra, Tapan K. Nayak, Tivadar Kiss  
1and Erno David

1Wigner Research Institute, Budapest, Hungary

ith the proposed increase in ALICE luminosity and hence the rate of interaction in 2018, 
there will be an increase in ALICE experimental data traffic. It is driving high energy 
physicists, network engineers and designers to look for faster network technologies to 

solve increased bandwidth demands. The 10 Gigabit Ethernet standard provides a significant increase 
in bandwidth. Under the Open Systems Interconnection (OSI) model, Ethernet is fundamentally a 
Physical Layer and Data Link layer protocol. 10 Gigabit Ethernet retains key Ethernet architecture 
including the Media Access Control (MAC) protocol, the Ethernet frame format, and the minimum 
and maximum frame size.

Design and simulation of 10 gigabit ethernet on altera 

stratix V

W
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Ethernet is implemented in the lower half of the Data Link layer, which is known as the Media Access 
Control (MAC) sub-layer, and the Physical layer only. The MAC sub-layer has the responsibility for 
data encapsulation including frame assembly before transmission and frame parsing (reading data and 
converting it into a more useful in-memory format upon reception of a frame). The MAC also controls 
the initiation of frame transmission and recovery from transmission failure due to data collision. The 
upper half of the Data Link layer is called the Logical Link Control (LLC) sub-layer. It handles the 
communication between the upper layers and the lower layers.

Fig. 1: Ethernet and corresponding OSI Layers.

   Aim is to implement 10 Gigabit Ethernet communication for Stratix V Gx Chip, design for the 
loopback testing of this communication standard is shown in figure 2 in a very simplified form.  

Fig. 2: Loopback testing of Altera 10 Gigabit Ethernet Module.

     10 Gigabit Ethernet communication is designed using Qsys (Altera's System Integration Tool) and 
using the NIOS II processor with other necessary components. This subsystem takes a clock signal 
and an active-low reset signal as inputs, and communicates with the external PHY chip through a 
XGMII interface. There is a NIOS II processor to run application programs, a JTAG UART 
component to support communication between the processor and the host computer, and a 10 Gigabit 
Ethernet Mega-Core to implement the MAC sub-layer and a partial Physical layer when needed based 
on the interface type. The two SGDMA controllers are used to transmit and receive functions of the 
core. The on-chip memory is used for the program code, data, as well as descriptors for the SGDMA 
controllers. The on-chip memory is used to simplify the system.                                  

    This design includes an Ethernet MAC with an Avalon Streaming (Avalon-ST) interface on the 
client side, and a standard XGMII interface on the network side. In this design, aim is to send the data 
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to the PHY via the XGMII interface and receiving it back, i.e loopback. The design is done in Qsys and 
testbench system is generated (simple BFMs for clocks and reset) along with simulation model in 
VHDL. Software for the NIOS II is developed in ECLIPSE (An integrated development environment 
for NIOS II softwrae development). Simulation is done in ModelSim Altera10.1

1Shuaib Ahmad Khan, Jubin Mitra, Tapan K. Nayak, Tivadar Kiss , 
1 2Erno David and Alex Kluge  

1Wigner Research Institute, Budapest, Hungary
2CERN, Geneva, Switzerland

he ALICE collaboration plans a major upgrade of the detector during Long Shutdown 2 (LS2), 
-1 which is at present foreseen to start in July 2018. ALICE will collect 1 nb Pb-Pb collisions 

27 -2 -1before LS2, at peak luminosities of L = 10  cm s , corresponding to a collision rate of 8 kHz. 
After the Long shutdown 2 in ALICE experiment, in Run 3 the luminosity and collision rate will be 
increased by six times. The ALICE upgrade strategy is therefore based on collecting greater than 10 

-1 27 -2 -1nb  of Pb-Pb collisions at luminosities up to L = 6 x 10  cm s  corresponding to collision rates of 50 
kHz. The Max Read-out rate of present ALICE detector is 500 Hz of Pb-Pb events but the overall goal 
is to readout 50 kHz (PbPb) and 200 kHz (pp and pPb ) events. Hence the detector/electronics of some 
detectors needs to be upgraded to handle this high rate. 

The Common Read-out Unit (CRU) which will provide the interface between the on-detector 
electronics and the online computing system. Depending on sub-detector specifications, detector data 
sent to the CRU are multiplexed, processed and formatted. CRU will be a common interface between 
the various detectors and the common online computing farm. The number of different link 
technologies presently used for the data read-out, detector control, trigger and clock distribution, etc. 
will be reduced. It will aggregate the digital data from very high number of sources to high bandwidth 
optical data links, to increase the throughput. It will optimize the system level cost and preserve smart 
features of the present DAQ system during the consecutive upgrades. 

The application specific functionalities for example the protocol conversions of the different link 
types, multiplexing of data flows, embedding detector control and trigger information, etc., require 
Common Read-out Units be implemented as electronics boards with custom designed, programmable 
functionality based on up-to-date FPGA technology. Implementation of CRU as FPGA boards has two 
basic alternatives, depending on the physical location of the CRUs. These are the “CRU in Counting 
Room”, or the “CRU in the Cavern”, close to the detectors. Location of CRU would be in the ground 
level counting room, thus it is accessible during operation. No additional electronics, cabling, cooling 
need to be installed and maintained on the detector. In counting room, electronics is not subject to 
radiation, thus state-of-the art high performance FPGAs can be employed. For the CRU-counting 
room no radiation tests campaign is needed. The Gigabit Transceiver (GBT) links are already 

Common Readout Unit (CRU) -- a new readout 
architecture for the ALICE detectors

T
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qualified by a CERN team, delivered and tested to ALICE. The number of radiation tolerant optical 
links (GBTs) is higher compared to CRU in cavern. This increases the cost, but the manpower needed 
to develop a radiation tolerant hardware for the CRU in cavern along with the radiation tests needed 
and also extra installation cost and infrastructure in the cavern, it may not be more expensive in total, 
further calculations needed. The radiation-hard GBT Link based CRU located outside the cavern (i.e. 
in the counting room) presents a more robust system, more processing power, flexibility towards 

Fig. 1:  (a) ALICE data  acquisition scheme using CRU and  (b) CRU implementation planning using gigabit transceiver 
links.

(a)

(b)
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future requirements and lower impact on the cavern infrastructure. Therefore, ALICE chose the CRU 
in counting room as the preferred solution. CRU in the cavern is considered as an alternative solution. 

It's different constituent modules and the design possibilities have to be evaluated. Further design 
exploration for the first prototype is underway.

Reference

[1] Technical Design Report for Upgrade of the ALICE Read-out & Trigger. CERN-LHCC- 2013-019 / LHCC-TDR-
015, 12 MAY 2014.

Jubin Mitra, Shuaib Ahmad Khan, Tapan K. Nayak, Tivadar 
1 1Kiss and Erno David

1Wigner Research Institute, Budapest, Hungary

n the high-energy physics experiments, like ALICE a large amount of data are produced at a very 
high rate. In general, there are a large number of front-end electronic channels associated with any 
high energy detector setup, resulting in a bulk amount of raw data generation. With upgrade that 

will be taking place in RUN3 after Long Shutdown 2 (2018), the data flow will be of about 1TB/s. So, 
multiplexing of data turns out to be an important perspective of the project. The unit that will be 

Testing and performance analysis of 10 gigabit 
ethernet on  altera stratix V

I

Fig. 1: Architectural positioning of 10 Gigabit Ethernet.
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performing this task is termed as Common Readout Unit (CRU). After multiplexing, the concentrated 
data must be transmitted over some high speed link. This high speed link can be custom defined or 
popular commercial link. But, if custom defined high speed link is used, it becomes a problem for 
interfacing with market PCs, which supports only popular interfaces. So, 10 Gigabit Ethernet is in a 
position to replace all these proprietary technologies as a next-generation interconnect. Using 
multiple 10 Gigabit Ethernet link we can achieve the required 1TB/s data flow.

Fig. 2: 10GbE Design Block Diagram.

10-gigabit Ethernet (10GE, 10GbE, or 10 GigE) is a group of computer networking technologies for 
9transmitting Ethernet frames at a rate of 10 gigabits per second (10×10  or 10 billion bits per 

second).The 10 Gigabit LAN PHY is intended to support existing Gigabit Ethernet applications at ten 
times the bandwidth with the most cost-effective solution.There are two classifications for optical 
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fibre that can be used, namely single-mode (SMF) and multimode (MMF).10GbE uses the IEEE 802.3 
MAC (Media access control) sub layer, connected through a 10 Gigabit Media IndependentInterface 
(XGMII) to Physical Layer entities given in fig. 1.

Fig. 3: Eye Diagram.

As shown in fig. 2 block diagram, the 10GbE design is a composition of three main blocks: (a) MAC 
receiver (MAC RX) and MAC transmitter (MAC TX); (b) 10GBASE-R PHY and (c) MDIO. The 
MAC RX and MAC TX handle data flow between the client and Ethernet network.  The 10GBASE-R 
PHY handles the physical coding and medium attachment sub layer.  While MDIO (Management 
Data Input/Output) is a serial interface to connect a Station Management entity and a managed PHY 
for providing access to management parameters and services. Apart from this 3 blocks there is one 
debugging block, i.e. Ethernet Loopback block. It helps to check the functionality of MAC and PHY 
independently.

Fig. 4: Transceiver level loopback.

Ethernet loopback does two types of loopback, one is Local loopback and another is Line loopback. 

lWhen the local loopback is enabled, the Ethernet loopback module takes the transmit frame 
from the MAC XGMII TX and loops it back to the MAC XGMII RX datapath. During this 
cycle, the loopback module also forwards the TX frame to the PHY. It ignores any frame it 
receives from the PHY. 

lWhen the line loopbackis enabled, the Ethernet loopback module takes the XGMII RX signal 
received from the PHY and loops it back to the PHY's XGMII TX signal. During this cycle, 
the loopback module also forwards the XGMII RX signal to the MAC. While the line 
loopback is turned on, the loopback module ignores any frame transmitted from the MAC. 
Fig. 4 shows the result of this PHY level loopback.

Apart from successful multi-gigabit transceiver operation, it is also important to monitor the bit error 
rate. An eye diagram is a common indicator of the quality of signals in high-speed digital 
transmissions. An oscilloscope generates an eye diagram by overlaying sweeps of different segments 
of a long data stream driven by a master clock. Fig. 3 shows eye diagram for this 10GbE transmission. 
A simple thumb rule for understanding Eye Diagram is that more wide open the eye is, more clear or 
less noisy the signal is, which in turn means less BER (Bit Error Rate). 

This entire analysis was done in AMC40version 1 board,which uses Altera's 28-nmStratix V FPGA 
chip. It is programmed using Quartus II 13.1 design software. The architectural layout was 
implemented using QSYS,the system integrator tool from Altera.
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thKolkata Superconducting Cyclotron”, 20  International Conference on Cyclotron and their 

applications, CYCLOTRON-2013, Canada

87. J Pradhan et al., “Performance Evaluation of HTS Coils at Liquid Nitrogen Temperature”, Asian 
Conference on Applied Superconductivity, ACAS- 2013, Turkey.

88. J Pradhan et al., “Magnetic Field Data Processing & Error Analysis”, Indian Particle 
Accelerator Conference, INPAC-2013, Kolkata.

89. Jedidiah Pradhan, Nisith Kr Das,  Anindya Roy, Uttam Bhunia, Vipendra Khare, Sajjan Kr 
Thakur and Subimal Saha. “Performance evaluation of HTS coils at liquid nitrogen 
temperature”, Asian Conference on Applied Superconductivity and Cryogenics (ACASC-
2013), Turkey.

90. Jai Shankar Prasad, Surajit Ghosh, Aditya Mandal and Sumit Som,  "Design and development of 
Efficient Broadband Combiner and impedance transformers", National Symposium on High 
Power RF & Microwave (HPRFM-2013) held at IPR, Gandhinagar, Gujrat, during Sep 04-06, 
(2013).

91. Rakesh, Vineet Kumar; Khasnabis, Sayan; Mazumder, Subhabrata;   Samanta, Tapas;  “Design 
& Development of Web-based Information Kiosk using RF-ID Authentication ," International 
Conference on Computation and Communication Advancement(IC3A), 2013. Proceedings by 
MacGraw-Hill Publication. Page No- 157-159,  (2013).
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92. Rakesh, Vineet Kumar; Chatterjee, Sujoy; "TLD Database Management System at TLD Unit, 
VECC, Kolkata", 34th National Conference of Association of Medical Physicists of India, 
Kolkata (2013), 222, 2013.

93. Rajyavardhan Ray, A K Himanshu, Kumar Brajesh, B K Choudhary, S K Bandyopadhyay, Pintu 

Sen, Uday Kumar, T P Sinha, “Electronic Structure of Ordered Double Perovskite Ba2CoWO6”; 

58th DAE-SSPS 2013 Dec. 17-21, 2013, Patiala.

94. R Ravishankar, Tapas Bandyopadhyay, Sujoy Chatterjee and Masumi Sengupta,"Preliminary 

investigations on source terms and radiation levels outside composite shield enclosures for 10 

MeV and 50 MeV e-linac machines" DAE-BRNS Indian Particle Accelerator Conference, 2013 

(InPAC-2013) at Kolkata during November 19-22, (2013).

95. R Ravishankar, S. Chatterjee, T.  Bandyopadhyay and D. N. Sharma  "Estimation of 

radiological health hazards to public from trucks loaded with Monazite Sand", AMPICON 

2013, Kolkata during 13th to 16th November (2013).

96. A. Ray et al., “Quasifission and fission timescale: Zeptosecond versus attosecond”, Proceedings 

of the DAE Symp. on Nucl. Phys. 58, 394, (2013).

97. A. Reza, A. K. Sikdar, P. Das, U. Bhunia, A. Mishra, K. Banerjee, B. Dam, A. Ray, “Capacitance 

measurement of Penning trap electrode assembly at cryogenic temperature”, Proceedings of the 

DAE Symp. on Nucl. Phys. 58, 876, (2013)

98. A. Reza, A. K. Sikdar, P. Das, U. Bhunia, A. Mishra, K. Banerjee, B. Dam, A.Ray, “Trap 

Capacitance Measurement at cryogenic temperature”, Conf Proceeding, NSNI.-2013.

99. Anindya Roy, Tanushyam Bhattacharjee, Niraj Chaddha, Rajendra B. Bhole, Partha Ptratim 

Nandi, Santosh Mishra, Chinmoy Nandi, Malay Kanti Dey, Sarbajit Pal, Gautam Pal and 

Amitava Roy, "Field Mapping of K=500 Superconducting Cyclotron Magnet for Correction of 

Harmonics with Trim Coils", Indian Particle Accelerator Conference, Nov 19-22, 2013, VECC, 

Kolkata, InPAC-2013.

100. T. Roy, G. Mukherjee, Soumik Bhattacharya, H. Pai, T.K. Rana, C.Bhattacharya, S. 

Bhattacharya, S. Bhattacharyya, N. Madhavan, S. Nath, R.P.Singh, A. Jhingan, S. Murlithar, R. 

Kumar, J. Ghelot, T. Varughese, I.Bala, R.K.Gurjar, A.K. Sinha, S.S. Ghugre, R. Raut, 

S.S.Bhattacharjee, K.Basu, R. Palit, “Study of Isomer Decay in Bi Nuclei at the Focal Plane of 

HYRA”, Proceedings of DAE Symposium for Nuclear Physics, Vol. 58, (2013).

101. A Saha, T Bhattacharjee, D Banerjee, S R Banerjee, S Rajbanshi, A Bisoi, Soumik Bhattacharya, 

T Roy, S Das Gupta, A Chakraborty, S Bhattacharyya, D Mondal, B Dey, D Pandit, R Palit, R P 

Singh, S K Das, M Saha Sarkar, A Goswami, S K Basu, S Saha, S Biswas, J Sethi, D Curien, J 
160Dudek, G Duchene, G DAngelis "Spectroscopy of N = 90 Yb" –International Symp. on Nucl. 

Phys. 58, 178 (2013).

102. N. R. Sahoo, “Higher moments of the net-charge multiplicity distributions at RHIC energies in 

STAR”, Acta. Phys. Polon. Supp. 6  437444 (2013).

103. Shantonu Sahoo, Tanushyam Bhattacharjee, Rajendra Balkrishna Bhole, Niraj Chaddha, 

Anindya Roy, Sarbajit Pal and Amitava Roy, “Arm Based Embedded EPICS Controller for 

Beam Diagnostics in Cyclotrons at VECC”, in proceedings of  ICALEPCS'13, SanFrancisco, 

USA, 1024, WECOCB02.
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104. J. Saini et. al, “Spark protection of the DAQ and Electronics of the Photon Multiplicity Detector 

in ALICE”, Proceedings of the DAE symp. on Nucl. Phys. 58,  906 (2013).

105. S. Sarkar et. al, “Mass modification of rho meson at SIS 300 energy”, Proceedings of the DAE 

symp. on Nucl. Phys. 58  732 (2013).

106. Sudeshna Seth, Aditya Mandal, Surajit Ghosh, Sumit Som, S. Saha, "Multipacting analysis of 

650 MHz, β=0.61, superconducting RF Linac cavity", Proceedings of Indian Particle 

Accelerator  Conference (InPac-2013) held at VECC, Kolkata in Nov' (2013).

107. B. Shoor, P.S. Chakraborty, “A study on mirror inflector and beam centering in K-130 Cyclotron 

using ECRIS”, Indian Particle Accelerator Conference (InPAC-2013), VECC, Kolkata, Nov 19-

22, (2013).

108. A. Shrivastava, A. Navin, A. Diaz-Torres, V. Nanal, K. Ramachandran, M. Rejmund, . 

Bhattacharyya, A. Chatterjee, S. Kailas, A. Lemasson, R. Palit, V.V. Parkar, R.G. Pillay, P.C. 
7Rout, and Y. Sawant, “Dynamics of fragment capture for cluster structures of weakly bound Li”, 

EPJ Web of Conferences 63, 02018 (2013).

109. P. Sing Babu, A. Goswami and V. S. Pandit, “Investigation on the transverse emittance growth of 
thintense beam during bunching”, 20  Int. conf. on cyclotrons and their Applications, Vancouver, 

BC, Canada, WEPPT019, 361, (2013).

110. P. Sing Babu, A. Goswami and V. S. Pandit, “Particle-in-cell simulation study of single and 

multispecies beams”; Proceedings of Indian Particle Accelerator Conference (InPAC-2013), 

VECC, Kolkata,  843, (2013).

111. V. Singhal et. al, “High Energy Physics computing on heterogeneous platforms via OpenCL”, 

Proceedings of the DAE symp. on Nucl. Phys. 58,  948 (2013).

113. V. Singhal et. al, “Efficient Cooling Solution Implementation at Grid Computing Facility”, 

Proceedings of the DAE symp. on Nucl. Phys. 58,  956 (2013).

114. S. Srivastava, Yashwant Kumar, A. Misra, S. K. Thakur and V. S. Pandit, “Optimum Design of 

Buck Converter Controller using LQR Approach”,  IEEE International Conference in Advance 

computing, (2013)

115. S. Srivastava, A. Misra, S. K. Thakur and V. S. Pandit, “Effect of third pole placement on the 

characteristics of closed loop control system”, Proceedings of Indian Particle Accelerator 

Conference (InPAC-2013), VECC, Kolkata,  849, (2013).

116. Saurabh Srivastava, Yashwant Kumar, Anuraag Misra, Shantanu Sahoo, Vijay Shanker Pandit 

and Sajjan  Kumar Thakur, “A Control Strategy for Highly Regulated Magnet Power Supplies 

Using a LQR Approach”,  (ICALEPCS -2013).

117. Sumit Som, Aditya Mandal, Surajit Ghosh, Sudeshna Seth, U.S. Panda, S.K. Thakur, S. Saha, 

"Amplitude and Phase controlled three-phase RF system of superconducting cyclotron with 

cavity analysis and measurement", Proceedings of Indian Particle Accelerator Conference 

(InPac-2013) held at VECC, Kolkata in Nov' (2013).

118. Sumit Som, “Development of 650 MHz Cavities for the GeV Proton Accelerator in Project-X”, 
th16  International Conference on RF Superconductivity (SRF-2013), University of Paris, Paris, 

France during 23-27 September, (2013).
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119. Sumit Som, "A Journey Through The Indigenous Developments Of High Power CW RF 
Amplifiers And Cavities For Accelerators At VECC", National Symposium on High Power RF 
& Microwave (HPRFM-2013) held at IPR, Gandhinagar, Gujrat, during September, 2013.

120. S. K. Thakur, Santwana K., A. De, Y. Kumar, V. Lilhare, A. Bera, S. S. Pal, V. K. Khare, T. P. 
Tiwari, S. Saha. "Design and Development of Prototype High Voltage Power Supply with PSM 
Technique for RF Amplifier", InPAC-2013,  VECC, Kolkata during Nov 19-22, (2013), 570.

121. P. Tribedy, “Search for QCD Phase Transitions and the Critical Point utilizing Particle Ratio 
Fluctuations and Transverse Momentum Correlations from the STAR Experiment”,Nucl.Phys. 
A904-905,  463c-466c (2013).

122. P. Tribedy et. al, “Glasma fluctuations in heavy-ion collisions”, AIP Conf.Proc. 1560, 650-654 
(2013).

123. P. Tribedy et. al, “Initial state fluctuations and higher harmonic flow in heavy-ion collisions”, 
Nucl. Phys. A904-905  409c-412c (2013).
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THESIS

1. Animesh Goswami, “Studies of space charge dominated beam in the spiral inflector and central 
region of cyclotron”, Doctor of Philosophy in Science, 2013, Homi Bhabha National Institute 
(HBNI). 

Supervisor:  Dr. V. S. Pandit, VECC, Kolkata.

2. P. Sing Babu, “Studies on Dynamics of space charge dominated beam in a low energy beam 
transport system”, Doctor of Philosophy in Science, 2013, Homi Bhabha National Institute 
(HBNI). 

Supervisor:  Dr. V. S. Pandit, VECC, Kolkata.

3. Kaushik Banerjee, “Study of nuclear dynamics using neutrons”, Doctor of Philosophy in 
Science, 2013, Homi Bhabha National Institute (HBNI). 

Supervisor:  Dr. Saila Bhattacharya, VECC, Kolkata.

4. Samir Kundu, “Study of intermediate mass fragment emission in heavy-ion reaction”, Doctor of 
Philosophy in Science, 2013, Homi Bhabha National Institute (HBNI). 

Supervisor:  Dr. Saila Bhattacharya, VECC, Kolkata.

5. Deepak Pandit, “Study of high energy photons from hot nuclear systems”, Doctor of Philosophy 
in Science, 2013, Homi Bhabha National Institute (HBNI). 

Supervisor:  Dr. S. R. Banerjee, VECC, Kolkata.

6. Shashi C.L. Srivastava, “Spectral statistics, random matrix theory, and classification of 
dynamical systems”, Doctor of Philosophy in Science, 2013, Homi Bhabha National Institute 
(HBNI). 

Supervisor(s):  Dr. Sudhir R. Jain, BARC, Mumbai and Prof. Arul Lakshminarayan, IIT, 
Chennai.

7. Nihar Sahoo, "Probing the QCD Critical Point by higher moments of the net-charge distribution 
at RHIC energies", Doctor of Philosophy in Science, 2013, Homi Bhabha National Institute 
(HBNI).

Supervisor: Dr. Tapan. K. Nayak, VECC, Kolkata.

8. Soumala Sarkar, “Tc-99m Radiopharmaceuticals: Clinical study”, NSHM Knowledge Campus, 
Kolkata. M. Pharm. In Pharmaceutics.

Supervisor: Dr. Shantanu Ganguly, RRMC, VECC, Kolkata.
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COLLOQUIUM

1. Madhusree Mukerjee, Former physicist and science journalist & former editor for Scientific 
American magazine, "Winston Churchill and the Bengal Famine of 1943", November 26, 
2013

2. Prof. Federico Antinori, INFN, Padova, Italy and CERN, Geneva, Switzerland, Physics 
Coordinator, ALICE Experiment at CERN, "Characterising the Quark-Gluon Plasma with 
the ALICE experiment", September 04, 2013

3. Prof. George Richard Pickett, FRS, Lancaster University, U.K, "The Physics and 
Engineering of Reaching Microkelvin Temperature, Superfluid 3He and Tabletop 
Cosmology", May 28,2013
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EVENTS & OTHER ACTIVITIES

SERC SCHOOL ON NUCLEAR PHYSICS, 2013

VECC PARTICIPATES IN ORGANISING OCES/DGFS-2013 WRITTEN EXAMINATION 
OF KOLKATA CENTRE

DAE-BRNS THEME MEETING ON LIQUID HELIUM PLANTS, CRYOGENIC SYSTEMS 
AND THEIR APPLICATIONS

NATIONAL SAFETY WEEK CELEBRATION – 2013

The 2nd DST-SERC school on Nuclear Physics was held at Variable Energy Cyclotron Centre, Kolkata 
during January 7 – 25, 2013. The title of the school was "NUclear Matter under Extreme Conditions 
(NUMEC)''. The school broadly covered the theoretical & experimental issues related to Hot & Dense 
Nuclear Matter and the subject of quark-hadron phase transition in relativistic heavy ion collisions 
covering the experimental programmes at PANDA, CBM,RHIC&LHC.  The Aim of the school was to 
Attract, Expose and Motivate Young Researchers in the Study of Nuclear Matter at High Temperature 
and Density.

Every year, the Department of Atomic Energy (DAE) organizes a nationwide screening examination 
(written) for admission to BARC Training Schools. BARC Training Schools provide two schemes of 
training to deserving candidates ambitious of pursuing a rewarding career in Nuclear Science and 
Engineering. These are called Orientation Course for Engineering Graduates and Science Post-
Graduates (OCES) and DAE Graduate Fellowship Scheme (DGFS).In 2013, the examination for the 
science disciplines was organized on February 24, 2013. This examination for the Kolkata Centre was 
organized with the active participation of and local coordination by the officers and other staff 
members of VECC. The examination was conducted in two sessions for 937 registered candidates. In 
the first session (10:00 – 12:15 hrs) the examination was conducted for Physics and Chemistry 
disciplines, while in the second session (14:00 – 16:15 hrs.) the examination was conducted for 
Bioscience, Geology and Geophysics disciplines.

VECC organized "DAE-BRNS Theme meeting on Liquid Helium plants, Cryogenic systems and their 
Applications" during February 25 – 26, 2013. Cryogenics play a major role in the modern large scale 
scientific projects like accelerators and fusion reactors. A few major challenging projects have been 
taken up by the Department in the 12th plan. All large scale cryogenic systems use helium 
liquefier/refrigerator for their operation. The Theme Meeting was planned at VECC to discuss helium 
liquifiers, cryogenic systems and their applications. This meeting provided opportunities for young 
researchers to interact with stalwarts in this subject from all over the country. 

VECC observed 42 National Safety Week celebration programme from March 4 – 8, 2013. This year's 
theme was “Medical Cyclotron Safety & Occupational Health Hazard”, focusing the upcoming 
medium energy high current proton accelerator (Medical Cyclotron) project. To improve the safety 
awareness among VECC employees and to promote Safety culture, various competitions like Safety 
Quiz, Slogan, Safety Poster, Essay competition on “Medical Cyclotron Safety & Occupational Health 
Hazard” were arranged in which both VECC employees and contractors' employees engaged in VECC 
took part. A film show on Industrial Safety and live demonstration of safety equipments by M/s Udyogi 
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Plastics were also organized. On this occasion, training on Industrial Safety was imparted to about 50 
contractor's workers in this centre, highlighting safety measures to be adopted at worksite. Shri P. K. 
Ghosh, Former Director, IPSD, AERB, graced the inaugural session of National Safety Day Program 
as Chief Guest. The programme was attended by around 120 participants including invited delegates, 
employees of VECC and contractor firms. Safety Flag was hoisted by Director, VECC which was 
followed by Safety pledge taken in Hindi, English & Bengali by all the participants during this 
occasion. A training program on “Workers by Workers” was organized in this year following the 
tradition of previous year. 

Fire Safety Week was observed at VECC during April 14 – 19, 2013. On 14th April the demonstration 
and display of fire safety equipment was arranged in the VECC Fire Unit. The programme was 
inaugurated by Dr. D. K. Shrivastava, Director, VECC. Mr Abhijit Pandey, Divisional Fire Officer, 
West Bengal Fire & Emergency Services attended the function as Chief Guest and delivered an 
elaborate lecture on Fire Safety, highlighting recent major fire incidence in the City. Inaugural function 
was followed by live demonstration on rescue and fire fighting operation by VECC fire staff. Fire 
Safety Manual of VECC was published as a book form to enhance awareness about fire safety. A 
refresher training course was arranged for Fire Squad Members of VECC on 16th April, 2013. Quiz 
completion on fire safety were organized like previous years among the VECC employees at VECC 
and also for family members at Anushakti Abasan to enhance fire safety awareness among the 
employee of VECC. On 17th and 18th April, fire fighting competition among Fire Squad members was 
conducted and also poster, slogan & essay competition on fire safety were conducted like previous 
years. In the concluding session, Director, VECC & Chairman, VECC Safety Committee, distributed 
the prizes to the winner of the above competitions. 

In accordance with AERB's directive, a training and authorization program for issuance of license to 
operate K – 130 cyclotron has been successfully completed during the period April 29 to May 13, 2013. 
There were theoretical classes consisting of description and functioning of cyclotron subsystems and 
related safety aspects. Classes on fire safety and industrial safety were also included. There were 
classes regarding the experiments performed in different beam lines of K130 cyclotron. Practical 
demonstrations were also carried out at the labs, cyclotron vault and pit areas which made the training 
program more meaningful. The trainee candidates were interviewed after completion of theoretical 
classes and practical demonstrations. Eleven cyclotron operation personnel on completion of the 
training appeared before the interview committee and successfully passed. As per recommendation of 
the interview committee Director, VECC has issued license to the successful trainees to operate K-130 
variable energy cyclotron for a period of maximum 5 years which may be subsequently renewed. The 
interview committee recommended five cyclotron operation personnel as Level-III operator, three as 
Level-II operator and three as Level-I operator License awarding function considering their experience 
and qualification.

The 17th national conference of All India Atomic Energy SC/ST Employees Co-ordination Committee 
(AIAESCSTECC), Mumbai, was held at VECC, Kolkata, during May 24-25, 2013 and was organized 
by Anushakti Dr. B. R. Ambedkar SC/ST Employees Welfare Association (ADBRASCSTEWA), 
VECC Shri Raju Parmar, Hon'ble member of National Commission of SC, New Delhi graced the 

FIRE SAFETY WEEK CELEBRATION – 2013

TRAINING AND AUTHORIZATION PROGRAM FOR ISSUING LICENSE TO
OPERATE  K130  VARIABLE  ENERGY  CYCLOTRON

17TH NATIONAL CONFERENCE OF ALL INDIA ATOMIC ENERGY SC/ST 
EMPLOYEES CO-ORDINATION COMMITTEE, MUMBAI
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occasion as chief guest and Dr. D.K. Srivastava Director, VECC, Kolkata was the guest of house. Shri 
Subimal Saha, Outstanding Scientist and Liaison Officer for SC & ST and Chairman SC & ST cell, 
Kolkata presided over the function. In the inaugural session Shri Omprakash, President, 
ADBRASCSTEWA, VECC delivered the welcome address and Shri Pratap Singh (Chairman, 
AIAESCSTECC) briefed the audience about the activities of AIAESCSTECC

As a part of the general awareness program at VECC, Smt. Swati Pandey, Director (Administration), 
DAE, had been invited to VECC, Kolkata, during July 16 – 17, 2013, for an interactive discussion on 
different issues at workplace with the women employees of VECC. A special lecture was also delivered 
by Smt. Pandey on the topic of “Sexual Harassment at Workplace” on July 17, 2013. The lecture and 
the interactive discussion session were very informative and highly beneficial to the employees of 
VECC.

a) FAIR Electronics: FPGA Hardware and Programming

The first in the series of workshops, being organized by Indo-FAIR Coordination Centre 

(IFCC), was held at VECC during July 29 to August 6, 2013. The workshop entitled “FPGA 

Hardware and Programming” included 30 participants from different institutions e.g. BARC, 

TIFR, Bose Institute, Calcutta University, VECC amongst others. The workshop was 

inaugurated by Dr. Dinesh K Srivastava, Director, VECC. The chief guest of the occasion Prof. 

Sibaji Raha, Director, Bose Institute and Dr. Subhasis Chattopadhyay, the programme 

director, IFCC, discussed various aspects of Indian participation in FAIR and the importance 

of this series of workshops. In this workshop, experts from the Universities and Industries 

delivered lectures on FPGA and its applications. The details of the FPGA and the VHDL 

language were discussed during first three days of the workshop. The curriculum included 

hands-on exposure to lab assignments and some useful applications, using Xilinx ISE 

software and development boards

b) FAIR Computing Workshop

“FAIR Computing: Accelerated Computing via GPU”, the 2nd workshop in the IFCC 

workshop series, was coordinated by Vikas Singhal of VECC in collaboration with Bose 

Institute, Kolkata. The event held at Salt Lake Campus, BI during November 11 – 15, 2013 was 

attended by more than 30 participants from various institutes and universities. Prof. S. Raha, 

Director, Bose Institute inaugurated the event. The theme of the workshop was focused on the 

heterogeneous programming on many/multi core architecture based processors and secondary 

processors viz GPU, coprocessors or 'accelerators'. Lectures and tutorials were focused on 

frameworks which are required for harnessing these types of processors, in particular for FAIR 

Computing. Dr. V. Friese from GSI, Germany, gave lectures on challenges and requirements 

for FAIR computing. prominent feature of this workshop was the participation from industries 

like, NVIDIA, AMD, INTEL and DAE institutes like BARC, VECC. The lectures dealt with 

latest technology in the field of heterogeneous computing by providing hands-on on the 

particular hardware. In the closing ceremony which was chaired by Dr. D. K. Srivastava, 

Director, VECC, an open discussion session was held wherein collaboration between 

industries and academic institutions towards harnessing heterogeneous computing 

technologies for high computing requirements, was discussed.

SPECIAL LECTURE ON “SEXUAL HARASSMENT AT WORKPLACE”

IFCC SERIES OF WORKSHOPS
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INDIA-BASED NEUTRINO OBSERVATORY (INO) OUTREACH

DAE-BRNS INDIAN PARTICLE ACCELERATOR CONFERENCE, 2013

INAUGURATION OF NEW FIRE SAFETY WING

SCIENCE OUTREACH PROGRAM AT SABRAKON NEAR BISHNUPUR

VECC ORGANIZES SEMINARS ON CAREER OPPORTUNITIES IN DAE

VECC in collaboration with other institutions like Saha Institute of Nuclear Physics (SINP), Calcutta 
University, Tata Institute of fundamental research (TIFR), Institute of Mathematical Sciences (IMSc) 
and Bhabha Atomic Research Centre (BARC) took part in organizing an INO outreach programme at 
the Science City auditorium, Kolkata, on November 8, 2013. About 2000 students from nearby 
institutions attended the meeting. The meeting had presentations on particle physics in general and on 
neutrinos and their detections in particular.

 

DAE-BRNS Indian particle Accelerator Conference, 2013 (InPAC – 2013) which is the sixth in the 
series of conferences on particle accelerators sponsored by Board of Research in Nuclear Sciences, 
DAE, was hosted by VECC during November 19 – 22, 2013. Objective of the conference is to provide 
an excellent forum to exchange valuable experiences, new ideas and recent developments among the 
scientists and technologists, particularly younger generation, actively involved in the design and 
development of frontier technologies in the field of particle accelerators

The Fire Safety wing was inaugurated on December 17, 2013 by Shri S. S. Bajaj, Chairman, AERB. 
The building comprises of three floors having Fire Control station, record room for fire and safety 
documents, safety training room, fire detector testing laboratory, discussion room and offices for the 
fire and safety professional. Chief Guest, Shri S. S. Bajaj, in his speech highlighted various important 
activities, initiatives taken by VECC for the improvement of safety culture and also enunciated that the 
new building dedicated for fire safety of this centre will help in cultivating a sustainable safety culture 
in this centre. 

On December 21, 2013, Sabrakon, a sleep remote village near Bishnupur in Bankura district of West 
Bengal woke up to a heavy dose of science in a unique outreach program organized by FREED, a non-
Government organization under the aegis of the Minister in Charge, Department of Child Welfare, 
Government of West Bengal. The speakers, Prof. Bikash Sinha, Dr. Tapan Nayak and Dr. Premomoy 
Ghosh spoke about the Big Bang and CERN's Large Hadron Collider to close to 800 students from over 
20 schools and colleges from nearby villages. Dr. Paolo Giubellino, spokesperson of ALICE 
collaboration, joined the event from CERN over video conferencing via Skype and interacted with the 
students. Through power point presentations and video clippings, the students were explained the 
beginning of the Universe and how particles are made to travel at a speed close to that of light and 
collide. The students were explained about the cyclotrons at VECC, Kolkata, and were invited to visit 
these facilities to have a feel of accelerator based science research in the country. The enthusiasm 
among the students reached so high that interaction session with students, after the presentations, 
sustained for more than two hours on the dais and continued off the dais as well.

VECC organized a series of seminars titled “Career Opportunities in the Department of Atomic 
Energy” to popularize the OCES/DGFS scheme among the final engineering students of eight 
engineering disciplines studying in the colleges of Bihar, Odisha and West Bengal. The students took a 
keen interest in the cutting-edge technological activities pursued in the Department of Atomic Energy. 
Each session was followed by a lively discussion between the speaker and the students. 
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Visits

1. Director, VECC Visits CERN: Dr. Dinesh K. Srivastava, Director, VECC visited 
CERN,Geneva during 26-30 August 2013 in order to have a firsthand information on research 
undertaken by researchers from India and discuss regarding future directions and collaborations. 
During the visit Dr. Srivastava gave a well attended lecture on “Probing relativistic heavy ion 
collisions using photons, jets, and heavy quarks” in CERN's heavy-ion forum. He visited several 
facilities (ALICE, CMS, RD51,ISOLDE, COMPASS) in which scientists from India are 
participating. Paolo Giubellino, ALICE Spokesperson gave a tour of ALICE and impressed 
upon him the contribution of India, especially of VECC in terms of hardware, software and 
computing. At the end, Dr. Srivastava had a formal discussion meeting with Rolf Heuer, Director 
General of  CERN.

2. Visit of German Consul-General to VECC: His Excellency, Mr. Rainer Schmiedchen, Consul 
General of the 'Consulate General of the Federal Republic of Germany' at Kolkata visited VECC 
on 25th October 2013. In his day long visit, Mr. Schmiedchen got familiar with the research 
activities pursued at VECC. Dr. D. K. Srivastava, Director, VECC, gave him a guided tour of the 
K-130 cyclotron control room and experimental area where Mr. Schmiedchen interacted with 
the scientists and on shift cyclotron operators. He also visited the superconducting cyclotron, 
rare ion beam facility and GEM detector laboratory. His Excellency was informed about the 
ongoing Indo-German activities at FAIR among others. Consul-General expressed his delight to 
note the width and depth of the scientific activities at VECC. He also expressed happiness on 
diverse ongoing collaborative activities between VECC and German institutions and promised 
all help to take these collaborations forward.

3. German scientists from PANDA Experiment visit  VECC: A team of scientists led by Dr. 
James Ritman from the “Forschungszentrum-Jülich, Germany” visited VECC on 25th October 
2013. Other members were Dr. Elisabetta Prencipe , Dr. Frank Goldenbaum from Juelich and Dr. 
Ganesh Shanker, Indian representative to German House of Research and Innovations (DWIH). 
The visit was to discuss the possibility of initiating a collaborative effort with Germany in 
experimental activities related to hadron physics (PANDA) in the upcoming FAIR facility. 
German scientists gave presentations on physics, technology and challenges of the PANDA 
experiment. There were presentations from VECC on accelerator, nuclear physics and 
international collaborations. The team visited the SCC facility. Impressed by the expertise 
available at VECC, German scientists requested VECC scientists to consider participating in 
two specific areas of the PANDA experiment i.e., building of a superconducting magnet and a set 
of GEM detectors. The team also had a meeting with Director, VECC and the visiting German 
Consul General Mr. Schmiedchen.
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AWARDS & HONOURS

1. Dr. Animesh Goswami, Scientific Officer-E of Accelerator Physics Group was  awarded the 
second prize for his Thesis entitled “Studies of space charge dominated beam in the spiral 
inflector and central region of cyclotron” in the  Indian Particle Accelerator Conference (InPAC-
2013), held at Variable Energy Cyclotron Centre, Kolkata during November 19-22, 2013.

2. Miss Ranjini Menon  was conferred with the PSSI-Poster award for her poster entitled 
“Measurement of ionisation efficiency of inductively coupled plasma ion source”, which was 
presented at the 28th National symposium on Plasma Science and Technology (PLASMA-2013) 
organized by Plasma Science Society of India (PSSI) & Kalinga Institute of Industrial 
Technology (KIIT), at Bhubaneswar conducted during December 3 – 6, 2013.

l“Development of a large high resolution Si-Strip, Si-Strip, CsI(TI) detector array for nuclear 
reaction Studies”.

Group leader Dr. S. Bhattacharya, Head, PG, VECC.

l“Magnetic field mapping of K=500 Superconducting Cyclotron using a compact and fully 
automated search coil based field mapping set-up”.

Shri Gautam Pal, Scientific Officer-H+, Head, MEG, V ECC.

Dr. Gopal Mukherjee, Scientific Officer-E, Physics Group, VECC.

Dr. Deepak Pandit, Scientific Officer-E, Physics Group, VECC.

Shri A.K. Chowdhury, Sr.Clerk Director's Office ,VECC.

DAE Awards

DAE GROUP ACHIEVEMENT AWARD WINNERS – 2013

DAE SCIENTIFIC & TECHNICAL EXCELLENCE AWARD WINNERS - 2013

DAE YOUNG SCIENTIST AWARD WINNERS - 2013

DAE MERITORIOUS SERVICE AWARD WINNERS - 2013

7.6
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BOOKS / PATENTS

1. Mishreyee Bhattacharya and Milan K. Sanyal, “Ultrathin Polymer Films: Growth and 
Properties”, LAP LAMBART Academic Publishing, Germany, 2013

2. S. Chattopadhyay, L. Barua,  S. Saha Das, M. K. Das, A. De, ,K. Remashan, S. Kumari,, S. S. Pal,  
S. K. Sarkar, S. S. Sachdev, N.  Sivaprasad, A.K. Kohli, “A system for automatically separating 
99m 99Tc-radionuclide from low-medium specific activity Mo and a process for the same”, 
Publication No. CA 2764086 A1, Date of Publication: July 12, 2013.

3. Prasanta Karmakar. Nanostructures on Thin Films by keV Ion Beams. In: Tapobrata Som and 
Dinakar Kanjilal (Ed.), Nanofabrication by Ion –Beam Sputtering Fundamentals and 
Applications (pp 135-158),  (2013). Singapore: Pan Stanford Publishing Pte. Ltd.

4. J. Mukherjee, R. Pichika, S. Potkin, F. Leslie, S. Chattopadhyay : “Labelled alpha4 beta 2 
ligands and methods there for” Patent No US 8,378,109B2, Date of Patent Issued: Feb 19, 2013.

7.7
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1. Retired Employees in the year 2013

GO

NGO

1 801/246 Shri D Bandyopadhyay CSO 31-01-2013

2 807/045 Shri Ranadhir De OS 28-02-2013

3 801/178 Shri Probal Gangopadhyay SO/F 31-03-2013

4 801/286 Shri S. Sambath DCA 31-07-2013

5 801/125 Dr. Prabir Dasgupta SO(F) 30-09-2013

6 801/419 Shri Amit Kumar Mahanty AAO 31-10-2013

7 801/216 Shri S. K. Pattanayak SO(E) 30-11-2013

1 807/257 Shri Sudhin Hari TN/F 31-01-2013

2 807/280 Shri Shankar Prasad Hela Sr. W.Asst./A 31-01-2013

3 807/740 Shri Malay Kumar Dey Sub-Officer/C 31-01-2013

4 807/246 Shri Bangshi Badan Bere TN/G 31-03-2013

5 807/261 Shri SC Chakraborty SR. S. GUARD 31-03-2013

6 807/271 Shri Kalipada Mondal Sr. W.Asst./A 31-03-2013

7 807/372 Shri Manab Sankar Saha SR. TN/H 31-03-2013

8 807/471 Shri Ganesh Chandra Santra SR. TN/J 31-03-2013

9 807/660 Shri Phool Chand Yadav ASO/B 30-04-2013

10 807/254 Shri Uchit Rai TN/G 31-05-2013

11 807/341 Shri S. C. Saha SR.TN(H) 30-06-2013

12 807/388 Shri N. C. Chanda TN(G) 30-06-2013

13 807/412 Shri Santi Das TN(G) 30-06-2013

14 807/473 Shri Raja Ram Dubey SR.TN(H) 30-06-2013

15 807/278 Shri Niranjan Das Sr. W.Asst./A 31-10-2013

16 807/384 Shri K. C. Ghosh SR.TN(H) 31-10-2013

17 807/582 Smt. Maya Das UDC 30-11-2013
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2. Officers/Employees Joining in VECC in the year 2013

1 801/463 Shri Pankaj Kumar Scientific Officer/C 1/8/2013

2 801/461 Shri Pratanu Chakraborty Scientific Officer/C 1/8/2013

3 801/460 Shri Hitendra Yadav Scientific Officer/C 1/8/2013

4 801/462 Shri Santu Manna Scientific Officer/C 1/8/2013

5 807/869 Shri Atanu Das Technician/C 4/3/2013

6 807/870 Shri Kotamarthi Durga Rao Technician/B 4/3/2013

7 807/871 Kum. Suparna Patra Technician/B 4/3/2013

8 807/872 Shri Jayanta Kumar Sahoo Technician/C 4/3/2013

9 807/873 Shri Jaharlal Ghosh Technician/C 4/3/2013

10 807/874 Shri S.S. Siva Sankar Technician/C 4/3/2013

11 807/875 Shri Uttam Kumar Bagharay Technician/B 4/3/2013

12 807/876 Shaik Imran Technician/C 4/3/2013

13 807/877 Shri Bablu Kumar Shaw Technician/B 4/3/2013

14 807/878 Shri Jagannath Kundu Technician/C 4/3/2013

15 807/879 Shri Subhankar Nandi Technician/B 4/3/2013

16 807/880 Shri Suryadeep Kumar Technician/C 4/3/2013

17 807/881 Shri Baidyanath Mohanta Technician/B 4/3/2013

18 807/882 Shri Sandip Karak Technician/B 4/3/2013

19 807/883 Shri Sajal Karmakar Technician/B 4/3/2013

20 807/884 Shri Somenath Mondal Technician/C 4/3/2013

21 807/885 Shri Ramesh Rasala Scientific Assistant/B 5/3/2013

22 807/886 Shri Vinayak Vishvanath Rasankar Scientific Assistant/B 5/3/2013

23 807/887 Shri Abhijit Das Scientific Assistant/B 5/3/2013

24 807/888 Smt. Fatma Tabassum Scientific Assistant/B 5/3/2013

25 807/889 Shri Awnish Kumar Technician/B 7/3/2013

26 807/890 Shri Dhruba Brata Halder Technician/B 7/3/2013

27 807/891 Shri Joydev Bairagi Technician/C 7/3/2013

28 807/892 Shri Srikanta Roy Technician/B 7/3/2013

29 807/893 Shri Sumant Hembram Technician/B 7/3/2013

30 807/894 Shri Khemraj Meena Technician/B 7/3/2013

31 807/895 Shri Durjadhan Kar Technician/B 7/3/2013

32 807/896 Shri Achinta Kumar Kar Technician/B 7/3/2013

33 807/897 Shri Dhirendra Nath Mohanta Technician/B 7/3/2013

34 807/898 Smt. Manisha Halder Technician/C 7/3/2013
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35 807/899 Kum. Rumpa Jana Technician/B 7/3/2013

36 807/900 Shri Kishore Rana Technician/B 7/3/2013

37 807/901 Shri Srikanta Ghosh Technician/B 7/3/2013

38 807/902 Shri Kalingeswar Garnayak Technician/B 7/3/2013

39 807/903 Shri Ramesh Chandra Mahala Technician/B 7/3/2013

40 807/904 Shri Rakesh Rakshit Technician/B 7/3/2013

41 807/905 Shri Biswajit Pramanik Technician/B 7/3/2013

42 807/906 Shri Soumitra Mondal Technician/B 7/3/2013

43 807/907 Shri Umesh Ananta Bharambe Technician/B 7/3/2013

44 807/908 Shri Alok Kumar Technician/B 7/3/2013

45 807/909 Shri Dillip Kumar Behera Technician/B 7/3/2013

46 807/910 Shri Nitin Devidas Madokar Technician/B 7/3/2013

47 807/911 Shri Manoj Kumar Technician/B 7/3/2013

48 807/912 Shri Lalit Kumar Mohanta Technician/B 7/3/2013

49 807/913 Shri Arvind Kumar Technician/B 7/3/2013

50 807/914 Shri K.M Rechilesh Technician/B 7/3/2013

51 807/915 Shri Amareshwar Patra Technician/B 7/3/2013

52 807/916 Shri Tapan Kumar Mahalik Technician/B 8/3/2013

53 807/917 Shri G. Narayan Reddy Technician/B 8/3/2013

54 807/918 Shri Chitranjan Kumar Technician/B 8/3/2013

55 807/919 Shri Tuhin Chakraborty Technician/B 8/3/2013

56 807/920 Shri Umesh Prasad Parida Technician/B 8/3/2013

57 807/921 Shri Ravi Kant Kumar Technician/C 8/3/2013

58 807/922 Shri Gottipalli Dharma Raju Technician/B 8/3/2013

59 807/923 Kum. Dipti Lata Majhi Technician/B 8/3/2013

60 807/924 Shri Sagram Murmu Technician/B 8/3/2013

61 807/925 Shri Goutam Bauri Technician/B 8/3/2013

62 807/926 Shri Chinmoy Mondal Technician/B 8/3/2013

63 807/927 Shri Subrata Mistri Technician/B 8/3/2013

64 807/928 Shri Gora Sen Technician/B 8/3/2013

65 807/929 Shri Jitesh Prasad Behera Technician/B 8/3/2013

66 807/930 Shri Vinesh V. Technician/B 8/3/2013

67 807/931 Shri Suraj Malo Technician/C 8/3/2013

68 807/932 Shri Rajib Ghosh Technician/B 12/4/2013

69 807/933 Shri Guddu Kumar Hindi Typist 3/12/2013
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3. Officers/employees joined on transfer from other unit to VECC in the year 2013

1 801/457 Shri Vivek Sudhakar Gupte Dy. Chief Security 4/3/2013 BARC,
Officer Mumbai

2 801/459 Shri Shashi Bhushan Sharma Assistant Accounts 21/6/2013 BARC,
Officer Mumbai

3 801/464 Shri Ram Kumar Paul Scientific Officer/C 8/12/2013 BARC,
Mumbai

4. Officer employees transfered from VECC to other unit in the year 2013

1 801/437 Smt. J. Nandini Assistant Accounts 14/3/2013 BARC,
Officer Mumbai

2 801/433 Kum. Payal Singhai Scientific Officer/C 26/7/2013 BARC,
Mumbai

3 807/700 Shri M.F. Khan Fireman/B 19/8/2013 NFC, 
Hyderabd
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Obituary

Late Kamal Kumar Ghosh

Late Haradhan Adhikary
TN/F1

807/560
07-09-2013

Security Guard
807/749

22.06.2013

l
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