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Foreword
The period of this Progress Report spans from January, 2017 to March, 2019. During this period VECC 
has seen significant upsurge of activities in various fields. The K130 variable energy cyclotron was 
delivering light ions for experiments and in the middle of January, 2017 cyclotron operation was 
suspended for commissioning of the axial injection beam line for heavy ion acceleration. In the first 
phase of heavy ion acceleration program, internal beam of oxygen and neon have been obtained 
and then switched over to internal PIG ion source in September, 2017 to meet the requirements of 
light ion beams for INGA (Indian National Gamma Array) and other experiments. The second phase 
of heavy ion acceleration program was started in March, 2018 and successfully extracted oxygen and 
neon beam from K130 cyclotron. Since April, 2018 cyclotron has been delivering heavy ions as well 
as light ions like alpha produced from ECR ion source of various energies to meet the experimental 
requirements. The K130 cyclotron was shutdown in the middle of January, 2019 for introducing 
internal PIG ion source and started experiments very shortly with proton beam. A shutdown of 
cyclotron was taken in the middle of March, 2019 for changing deflector electrodes and maintenance 
of sub-systems.

A 30 MeV  DAE Medical Cyclotron Facility has been established at Chalkgaria, Kolkata, by Variable 
Energy Cyclotron Centre. The cyclotron is of IBA-Belgium make CYCLONE-30 with five beam lines. Four 
of the five beam lines have been installed and beam lines 2.1 and 2.2 have been commissioned. Beam 
lines 1.2 and 1.3 are in the advanced stage of commissioning. The installation and commissioning 
of the beam line 1.1 and the hot cells for the PET and solid target stations are in progress. A test 
irradiation of enriched water sample and production of FDG  has also been carried out. The main 
objective of the facility is to produce radioisotopes to be used in nuclear imaging for  medical 
diagnostic and therapeutic purposes for cancer care.  The facility will also be used for various research 
and development purposes. The CYCLONE-30 is a negative hydrogen ion accelerator.  The negative 
hydrogen ions produced in an external multicusp ion source is axially injected into the cyclotron. This 
is a fixed magnetic field, fixed RF frequency and variable final energy dual proton beam cyclotron. 
There are two RF cavities, called dees, to accelerate the negative hydrogen ions. At extraction radius 
carbon stripper foils are used to extract two simultaneous proton beams from the machine. The 
extracted beam energy is adjustable from 15 MeV up to 30 MeV and the beam current is tuneable 
up to 350 µA.

Radioactive Ion Beam Facilities Group of VECC has completed the installation of medium energy 
beam transport line connecting the second and third Linac modules in continuation of the previous 
year’s work. This was followed with a beam test to monitor the transmission efficiency of the newly 
installed beam line in which Nitrogen (14N4+) beam was successfully transported and accelerated 
through the third Linac module to energy of 5.8 MeV. In ongoing collaboration with TRIUMF, VECC 
RIBF group has conducted beam test on Injector Cryo Module (ICM) of the e-linac jointly with TRIUMF. 
After ensuring a very stable operation of the ICM (10.5 kW CW power), 110 micro-ampere electron 
beam was accelerated with a duty cycle of 0.5%. Beam energy of 9.9 MeV was achieved in the test.

The vibrant experimental nuclear physics group has carried novel research by measuring the fluidity 
of finite nuclear matter, clustering in quantum many-body systems, gamma ray spectroscopy 
in different mass region using the in-house developed VENUS and VENTURE array. An extensive 
experimental campaign of National Gamma Array (INGA) with light ion beams was also carried out 
where 23 experiments in two campaigns where performed using digital data acquisition system. On 
the development front, a low cost Quad Majority Logic unit has been developed indigenously for 
nuclear physics experiment.

In Theoretical Physics, in the low and intermediate energy domain significant progress has been 
made in the area of exploration of S-factors for sub barrier fusion reactions for nuclear reactions of 



astrophysical importance,  r-mode instability windows and gravitational wave signatures of neutron 
stars in the slow rotation approximation, first order derivatives of order parameters as signatures of 
first-order phase transition in intermediate energy heavy-ion collisions from thermodynamical as well 
as Lattice-Gas Model, fission life time from dynamical model calculation, formation and distribution 
of fragments in the spontaneous fission of 240Pu . In the higher energy regime, remarkable progress 
has been made in the area of calculation of  self-energy of the ∆ baryon at finite temperature and 
density using the real-time formalism of thermal field theory, mass modifications of hot pions in 
a magnetised dense medium, photon production from Pb+Pb collisions at the Large Hadron 
Collider and the proposed FCC facility,  production of charm quarks in a parton cascade model for 
relativistic heavy ion collisions at 200A GeV at RHIC and development of a new viscous code for (3+1) 
dimensional causal relativistic hydrodynamics.”

VECC has successfully designed and developed its first ASIC in the form of a 16-channel  Charge 
Sensitive Amplifier (CSA) which is aimed to be used in various types of detector arrays to facilitate 
basic research using cyclotron. “KANAAD” – SMP server with 2 TFLOPS capacity for running large 
memory sequential programs and “Himalaya” - a high performance computing cluster with a 
theoretical peak performance of 92 TFLOPS has been installed and commissioned to augment the 
existing computing infrastructure of VECC. A Web Portal for on-line recruitment at VECC has been 
launched. Several developments and upgradation in the area of IT infrastructure and services have 
also been successfully conducted. Implementation of EPICS in modernization of control systems of 
various cyclotron subsystems is continuing. Research activities in the fields of Robotics (Autonomous 
Navigation, SLAM), Deep Learning and Multi-sensor Data Fusion are also carried out.

The Experimental High Energy Physics and Applications group, VECC is engaged in research related 
to the formation and characterization of Quark Gluon Plasma (QGP) in the laboratory both at high 
temperature (ALICE and STAR) and at high net-baryon density (CBM at FAIR).  In ALICE at LHC, PMD 
after successful data taking with pp and Pb-Pb collisions in 2018 has been dismounted after a decade-
long data taking period. Along with reconstruction of PMD data, group members are engaged in 
analysing particles with light and heavy flavour on production of jets via jet reconstruction and 
correlation. Extensive efforts have also being made on phenomenological studies in various areas 
like effect of magnetic and electric fields in heavy ion collisions, properties of collisions in small 
systems among others. VECC leads the Indian effort to build a Muon Chamber system(MUCH)  for 
the CBM experiment.  Considerable amount of developmental work  on  Forward Calorimeter 
for ALICE upgrade,  CBM-MUCHmodules,  software optimization  related to  MUCH,  were carried 
out.  Successful commissioning  and data taking with  two GEM modules (mMUCH) in the  heavy 
ion collisions  of  miniCBM experiment at GSI,  has been a major achievement  in this period. On 
the application front, X-ray imaging using triple GEM chambers has been carried out  for the first 
time, wherein several small objects were imaged.

The academic activities of Homi Bhabha National Institute (HBNI) at VECC have continued as usual 
with its Ph.D programme. Thirteen Ph.D degrees were awarded from HBNI. Several national and 
international conferences, schools, workshops, theme meetings, colloquiums lectures and outreach 
programmes were successfully organized.

         Amitava Roy
              Director



Preface
This report brings out the scientific and technical activities of Variable Energy Cyclotron Centre, Kolkata 
during January 2017 to March 2019. The format of this report has remained almost identical to the 
previous one. Division of the chapters and distribution of the contents are also very much similar. 
Division of the chapters is given in the contents. As the prime thrust of activities in the Centre was 
towards implementation of various projects undertaken by the Centre, the contributions related to the 
ongoing projects are given in a separate chapter (Chapter 5) of this volume.

The activities of the Regional Radiation Medicine Centre (RRMC) at Thakurpukur, Kolkata are available 
in chapter 6. Chapter 7 provides a comprehensive list of publications as well as colloquia, thesis, book/
patents, awards/honours, events and other activities in this Centre. 

The editorial board has taken utmost care to make this volume as a complete sourcebook of information 
as possible about the research and developmental activities of this centre.  We regret for the errors 
or omissions that might have taken place in spite of our best efforts. Editing of the contributions has 
been kept minimum. The affiliations of the authors of this centre are not mentioned in their respective 
contributions, but those of the collaborating authors are only mentioned. We acknowledge the co-
operation extended by the board members and other colleagues of this Centre in bringing out this report 
in present form. Suggestions for future improvement of the quality of the progress report are welcome.

                                                                                                

                                                                                                     Surajit Pal
                                                                                                                     Convener, Editorial Board
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1.1 Nuclear Experiment

Role of Fluctuations on Thermal Phase Transition in Finite Quantal 
Systems

Deepak Pandit, Srijit Bhattacharya1, Debasish Mondal, Balaram Dey3, 
S. Mukhopadhyay, Surajit Pal, A. De2, and S.R. Banerjee

 
1Department of Physics, Barasat Govt. College, Barasat, N24 Pgs, Kolkata 700124, INDIA

2Department of Physics, Raniganj Girls’ College, Raniganj 713347, WB, INDIA
3Saha Institute of Nuclear Physics, 1/AF-Bidhannagar, Kolkata-700064, INDIA

The phase transitions are very exciting as they often involve some kind of symmetry breaking. Symmetry 
is a key concept in physics which leads to conservation law and provides a framework to simplify 

problems. However, it should be emphasized that in small finite systems at finite T, the thermal fluctuations 
are expected to be large and could play a decisive role in defining the properties of the system, particularly 
in the phase transition region.

In this work, we have tried to decipher the nuclear shape transition in a rare earth nucleus 169Tm (β=0.3), 
via a systematic experimental measurement of the GDR spectral shape as a function of T. The experimental 
results show no indication of sharp phase transition from prolate to near spherical. It is highly interesting to 
note that the effect of fluctuation is seen directly in the experimental data (Fig. 1). The two GDR peaks are 
clearly separated below T = 0.9 MeV. Above T~1 MeV, the two peaks start to become broader due to the 
averaging effect of thermal fluctuations and finally get convoluted at T~1.2 MeV but the ratio EGDR2/EGDR1 
remains almost unchanged which unambiguously determines the deformation. This result suggests that, 
owing to the finite size of the nucleus, the sharp phase transition from prolate to near spherical predicted 
to occur at T ~ 1.7 MeV will not be evident experimentally due to large thermal fluctuations. The details 
can be found in ref [1]. 
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Fig 1: The linearized GDR strength functions at different beam energies [(a)–(f)]. The solid lines are F(Eγ) used in the CASCADE 
calculation. The GDR strength functions at beam energies 28 and 32 MeV are compared with the ground state value in (a).

References:
[1]  Deepak Pandit et al., Phys. Rev. C 99, 024315 (2019).
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Experimental evidence of collectivity in the nuclear level density

Deepak Pandit, Srijit Bhattacharya1, Debasish Mondal, Pratap Roy, K. Banerjee,
S. Mukhopadhyay, Surajit Pal, A. De2, Balaram Dey3 and S.R. Banerjee

1Department of Physics, Barasat Govt. College, Barasat, N24 Pgs, Kolkata 700124, INDIA
2Department of Physics, Raniganj Girls’ College, Raniganj 713347, WB, INDIA
3Saha Institute of Nuclear Physics, 1/AF-Bidhannagar, Kolkata 700064, INDIA

It is now a very well known fact that the density of nuclear states increases rapidly with excitation energy 
and soon becomes very large. Along with the intrinsic excitations, the nucleus also displays collective 

vibration and rotational motion. These collective excitations have a significant effect on nuclear level density 
(NLD), in particular, for deformed nuclei and their contribution is defined as the collective enhancement in 
the NLD. However, the collective enhancement in the NLD is still not well-understood due to the lack of 
experimental data.

In this work, we present a probable experimental signature of collective enhancement in the nuclear level 
density (NLD) by measuring the neutron and the giant dipole resonance (GDR)  γ-rays emitted from the 
rare-earth 169Tm compound nucleus populated at 26.1 MeV excitation energy (Fig. 1). An enhanced yield 
is observed in both neutron and γ -ray spectra corresponding to the same excitation energy in the daughter 
nuclei. The enhancement could only be reproduced by including a collective enhancement factor in the 
Fermi gas model of NLD to explain the neutron and GDR spectra simultaneously. The experimental results 
show that the relative enhancement factor is of the order of 10 and the fadeout occurs at ~14 MeV excitation 
energy, much before the commonly accepted transition from deformed to spherical shape. The details can 
be found in ref [1]. 

Fig 1: Experimental neutron (a) and GDR spectra (b) are compared with the CASCADE calculations. The enhancement in the 
spectra and the contributions from different nuclei are shown with arrows.

References:
[1] Deepak Pandit et al., Phys. Rev. C 97, 041307 (Rapid) (2018). 
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Signature of clustering in quantum many-body systems probed 
by GDR 

Deepak Pandit, Debasish Mondal, Balaram Dey, Srijit Bhattacharya1,
S. Mukhopadhyay, Surajit Pal, A. De2, and S.R. Banerjee

1Department of Physics, Barasat Govt. College, Barasat, N24 Pgs, Kolkata 700124, INDIA
2Department of Physics, Raniganj Girls’ College, Raniganj 713347, WB, INDIA

Clustering is one of the most fundamental aspects of nuclear many-body dynamics, which exists 
simultaneously with the formation of a mean-field. The nuclear cluster phase is considered as the 

transitional state between the crystalline and quantum liquid phases of a fermionic system, which is linked 
to the studies of the “nuclear pasta phase” in the crust of neutron stars. The present experimental study 
illustrates how large deformations attained by nuclei due to cluster formation are perceived through the 
giant dipole resonance (GDR) strength function. The high energy GDR γ rays have been measured from 32S 
at different angular momenta (J) but similar temperatures. The experimental data at lower J (~10h) suggests 
a normal deformation, similar to the ground state value, showing no potential signature of clustering. 
However, it is found that the GDR lineshape is fragmented into two prominent peaks at high J (~20h) 
providing a direct measurement of the large deformation developed in the nucleus. The observed lineshape 
is also completely different from the ones seen for Jacobi shape transition at high J pointing towards the 
formation of cluster structure in superdeformed states of 32S at such high spin. Thus, the GDR can be 
regarded as a unique tool to study cluster formation at high excitation energies and angular momenta. The 
details can be found in ref [1]. 

10 15 20 25 30

1

2

3

4

5

6 Data
CASCADE
TSFM

Eγ (MeV)
10 15 20 25 30

1

2

3

4

5
Expt. Data
CASCADE
TSFM (Coriolis on)
TSFM (Coriolis off)Yi

el
d 

(a
rb

. u
ni

ts
)  

/ M
eV

J =10 

J =20 

(a)

(b)

Cl
us

te
r f

or
m

at
io

n
Ja

co
bi

 S
ha

pe
 T

ra
ns

iti
on

No
rm

al
 d

ef
or

m
at

io
n 

Fig 1: The experimental GDR strength functions (symbols) for 32S are compared to TSFM calculation at (a) low and (b) high J. 
The normal (low J ), Jacobi transition and cluster formation shapes are also shown on the right side.

References:
[1] Deepak Pandit et al., Phys. Rev. C 95, 034301 (2017).
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Study of giant dipole resonance in hot rotating light mass nucleus 31P
Debasish Mondal, Deepak Pandit, S. Mukhopadhyay,  Surajit Pal, Srijit Bhattacharya1, 

A. De2, N. Dinh Dang3, N. Quang Hung4, Soumik Bhattacharya, S. Bhattacharyya, 
Balaram Dey5, Pratap Roy, K. Banerjee and S.R. Banerjee6

1Department of Physics, Barasat Govt. College, Barasat, N 24 Pgs, Kolkata - 700124, India,
2Department of Physics, Raniganj Girls’ College, Raniganj-713358, India,

3Quantum Hadron Physics Laboratory, RIKEN Nishina Center for Accelerator-Based Science, RIKEN, 2-1 Hirosawa, Wako City, 
Saitama 351-0198, Japan

4Institute of Fundamental and Applied Sciences, Duy Tan University, Ho Chi Minh City 700000, Vietnam
5Saha Institute of Nuclear Physics, 1/AF-Bidhannagar, Kolkata-700064,

6(Ex) Variable Energy Cyclotron Centre, 1/AF-Bidhannagar, Kolkata-700064,

The variation of GDR width as function of temperature (T) has mainly been studied experimentally in 
medium and heavy mass nuclei. Very few experiments have been performed in light mass region A 

~30 where the GDR is characterized by its own prominent features, e.g. configurational splitting, isospin 
splitting, etc. An exclusive and systematic study of the variation of the GDR parameters with T and J was 
still absent. Therefore, an exclusive systematic study of the giant dipole resonance (GDR) parameters has 
been performed in very light mass nucleus 31P in the temperature range of ~ 0.8–2.1 MeV and average 
angular momentum of ~ 11-16 h. The high-energy γ rays from the decay of the GDR, evaporated neutrons 
and γ-ray multiplicities have been measured. The GDR parameters, nuclear level density parameter and 
nuclear temperature were precisely determined by simultaneous statistical model analysis of high-energy 
γ ray and evaporated neutron spectra. It is observed that the measured width remains roughly constant up 
to a temperature of ~ 1.6 MeV. Moreover, the thermal pairing plays no role in describing the GDR width 
in this open-shell light nucleus at the above-mentioned temperatures and angular momenta. The present 
measurements provide an excellent platform to extend the applicability of the existing theoretical models 
down to the very light mass nuclei (Fig 1.). The details can be found in ref [1].
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Fig. 1: Comparison of the measured GDR width with the predictions by different models as a function of T at J = 11.5 h (black 
dot-dashed line) and J = 15.5 h (blue solid line) (measured range of angular momentum). The red long-dashed lines in panels (c) 
and (d) are the predictions at J = 0h.

References
[1] Debasish Mondal et al., Phys. Lett. B 784, 423 (2018). 
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Fluidity of Finite Nuclear Matter
Debasish Mondal, Deepak Pandit, S. Mukhopadhyay,  Surajit Pal, Balaram Dey1, 

Srijit Bhattacharya2, A. De3, Soumik Bhattacharya, S. Bhattacharyya,  
Pratap Roy, K. Banerjee and S.R. Banerjee4

1Saha Institute of Nuclear Physics, 1/AF-Bidhannagar, Kolkata-700064,
2Department of Physics, Barasat Govt. College, Barasat, N 24 Pgs, Kolkata - 700124, India,

3Department of Physics, Raniganj Girls’ College, Raniganj-713358, India,
4(Ex) Variable Energy Cyclotron Centre, 1/AF-Bidhannagar, Kolkata-700064,

A perfect fluid dissipates the smallest possible amount of energy i.e. has a very small shear viscosity 
which converts part of the kinetic energy of the flow to heat. Over the years, the experimental results 

have shown that the values of shear viscosity (η) of different fluids differ by many orders of magnitude. 
Therefore, the shear viscosity is normalized to the thermodynamic quantity entropy volume density (s) in 
order to make a meaningful comparison of fluidity which is governed by the ratio of viscous force to the 
inertial force. 

For the first time, the η/s for equilibrated finite nuclear systems from A ∼ 30 to A ∼ 208 at different 
temperatures has been determined at VECC utilizing the alpha beam from K-130 cyclotron. The shear 
viscosity was estimated from the energy and width of the GDR.  The entropy density was evaluated 
from the nuclear level density parameter (a) and nuclear temperature (T), determined precisely from the 
evaporated neutron energy spectra. The measured values of η/s for different nuclei, together with the 
results of calculations based on generalized Fermi liquid drop model are shown in Fig. 1 as a function of 
temperature. It was intriguing to find that the measured η/s values were comparable to that of the high-
temperature quark-gluon plasma. It was also observed that the ratio was independent of the neutron-proton 
asymmetry at a given temperature. These important experimental findings, along with the results of low-
temperature quantum fluids and high-temperature QGP, indicate that the strong fluidity could possibly be 
the universal characteristic feature of the strong interaction of many-body quantum systems. The details 
can be found in ref [1].                                    

Fig. 1: Experimentally determined values of η/s (green symbols) are compared with the theoretical calculations (pink 
solid lines). The blue short-dashed lines are the KSS bound.

References
[1] Debasish Mondal et al., Phys. Rev. Lett. 118, 192501 (2017). 
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S-shaped heat capacity in an odd–odd deformed nucleus
Balaram Dey1, N. Quang Hung2, Deepak Pandit, Srijit Bhattacharya3, N. Dinh Dang4, L.T. Quynh 

Huong5, Debasish Mondal, S. Mukhopadhyay,  Surajit Pal, A. De6 and S.R. Banerjee7

1Saha Institute of Nuclear Physics, 1/AF-Bidhannagar, Kolkata-700064
2Institute of Fundamental and Applied Sciences, Duy Tan University, Ho Chi Minh City 700000, Vietnam

3Department of Physics, Barasat Govt. College, Barasat, N 24 Pgs, Kolkata - 700124, India,
4Quantum Hadron Physics Laboratory, RIKEN Nishina Center for Accelerator-Based Science, RIKEN, 2-1 Hirosawa, Wako City, 

Saitama 351-0198, Japan
5Department of Natural Science and Technology, University of Khanh Hoa, Nha Trang City, Khanh Hoa Province 652124, Viet Nam

6Department of Physics, Raniganj Girls’ College, Raniganj-713358, India,
7(Ex) Variable Energy Cyclotron Centre, 1/AF-Bidhannagar, Kolkata-700064,

An atomic nucleus can be assumed as a statistical ensemble because of a very high density of states 
even at low excitation energy (few MeV). The NLD is directly related to the partition function of 

the statistical ensemble, which is a fundamental quantity describing the statistical properties of a system 
in thermodynamic equilibrium. In this work, we have examined the thermodynamic properties of mass 
A ∼200 nuclei utilizing angular momentum (J) gated nuclear level densities (NLDs) extracted in the 
excitation energy range of 2–15 MeV. Interestingly, the experimental NLDs are in good agreement with 
the results of a microscopic approach, which is derived based on the exact pairing plus the independent-
particle model at finite temperature (EP+IPM), whereas the conventional Hartree–Fock BCS (HFBCS) and 
Hartree–Fock–Bogoliubov plus combinatorial method (HFBC) fail to describe these data. Consequently, 
the thermodynamic properties of those nuclei at finite angular momentum have been extracted using the 
EP+IPM NLDs. While the heat capacities of 200Tl, 211Po and 212At (near spherical nuclei) follow the trend 
as expected in odd–odd and even–odd masses, surprisingly an S-shaped heat capacity is found in odd–odd 
deformed nucleus 184Re which is a signature of pairing phase transition in atomic nuclei. It has been shown 
that this S-shaped heat capacity observed in 184Re is caused by not only the breaking of nucleon Cooper 
pairs but also the change of pairing induced by deformation. The details can be found in ref [1]. 

Fig. 1: Angular-momentum-gated thermodynamic quantities as functions of temperature obtained by using the EP+IPM level 
densities for J=12h.

References
[1] Balaram Dey et al., Phys. Lett. B 789, 634 (2019). 



8

Collective Structures and signature partner bands in 117Sb
R. Banik1, S. Bhattacharyya1, Soumik Bhattacharya1, R. Raut2, S.S. Ghugre2,

S. Das2, A. Dhal, A. Goswami3, G. Mukherjee1, S. Samanta2

1HBNI, Training School Complex, Anushakti Nagar, Mumbai-400094, India
2UGC-DAE CSR, Kolkata Centre, Kolkata - 700098, India

3Saha Institute of Nuclear Physics, Kolkata - 700064, India

Introduction:
The excited states of nuclei near Z=50 proton shell closure are characterized by single particle excitations 
as well as collective vibrations about the core. The Sb isotopes (Z=51) with neutron numbers in mid shell 
of N=50-82, are interesting to study due to their spherical nature at low spin with a deformed rotational 
band structures at higher spin. This makes 117Sb nucleus worth to study to probe the competition between 
spherical shape and the deformed one [1]. 

Experiment and Results:
In the present work high-spin states of 117Sb have been populated via reaction 115In(α,2n)117Sb at a beam 
energy of 28 MeV, delivered from K-130 Cyclotron at VECC, Kolkata. The γ-γ coincidence data and 
γ-singles data were collected using the VENUS (VECC array for NUclear Spectroscopy) [2] detector setup 
consisting of Six Compton suppressed Clover HPGe detectors. The detectors were placed at angles ±30o 
(one each), 90o (two detectors) and one at 45o and another 55o with respect to the beam axis. The time 
stamped data were recorded using the PIXIE-16 digitizer modules having a sampling rate of 250 MHz [5]. 
Population of various single particle non-yrast excitations by light ion induced fusion-evaporation reaction 
have been identified from this work, along with 32 new γ-transitions. Signature partner bands based on pg7/2 
could also be observed in 117Sb from the current work and a large energy staggering between the partner 
bands was observed. Fig. 1(a) and (b) represent the coincidence spectra of 796 keV gate from γ-γ matrix 
and prompt-prompt and prompt-delayed spectra of transitions corresponding to 23/2- isomer respectively. 
The lifetime of the isomer was extracted as 294(15) ns from the time stamped data, which corroborates with 
reported value. 

Fig 1: (a) Coincidence spectrum corresponding to 796 keV transition from γ-γ matrix. (b) Prompt-prompt and prompt-delayed 
TAC for the 23/2- level.
       
References:

[1] D. R. LaFosse et.al., Phys. Rev. C 56, 760 (1997).
[2] Soumik Bhattacharya et.al., DAE-BRNS Symp. on Nucl. Phys. 61, 98 (2016).
[3] S. Das et.al., NIM A, 893, 138 (2018).
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Yrast and near yrast band structures in 131Xe
R. Banik1, S. Bhattacharyya1, S. Biswas2, Soumik Bhattacharya1, G. Mukherjee1, S.A. Dar1, 
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S.S. Ghugre3, R. Raut3, A. Goswami5, H. Pai5, A. Lemasson2, A. Navin2, M. Rejmund2, 

D. Mondal1, S. Mukhopadhyay1, S. Pal1, D. Pandit1, S. Rajbanshi6 

1HBNI, Training School Complex, Anushakti Nagar, Mumbai-400094, India
2GANIL, CEA/DRF-CNRS/IN2P3, Bd Henri Becquerel, BP 55027, Caen Cedex 5, France

3UGC-DAE CSR, Kolkata Centre, Kolkata - 700098, India
4Victoria Institution (College), Kolkata-700009, India

5Saha Institute of Nuclear Physics, Kolkata - 700064, India
6Physics Department, Presidency University, Kolkata, India

The transitional nuclei around A~130 region are the ideal testing ground to explore the effect of the 
complex interplay of the single-particle and the collective degrees of freedom on their structures. Xe 

isotopes are known for their shape transitions from prolate to an oblate or triaxial one with increase in 
neutron number. For example, oblate band is reported in 129Xe [1] whereas in 125Xe, experimental results 
indicate weak triaxial and a prolate shape [2]. For next odd-A isotone 131Xe, it is interesting to investigate 
such structure effects. 

In the present work, excited levels of 131Xe were populated using the fusion-evaporation reaction 130Te (α, 
3n) 131Xe at beam energy 38 MeV. Seven Compton suppressed Clover detectors of INGA setup were used to 
record the data in both singles and coincidence mode. PIXIE based digital data acquisition system [3] was 
used to acquire the time stamped data. 

 
 
    

The existing level structure of 131Xe is significantly extended on the basis of coincidence analysis from this present 
work. Fig.1 represents the coincidence spectrum of 642 keV (15/2-  11/2-) γ-ray above the 11/2- isomeric level. The 
yrast band is seen to have a neutron pair alignment at a frequency of 0.4 MeV, similar to that in neighbouring isotones, 
as shown in Fig.2.

References:
[1] Huang et.al., PRC 93, 064315 (2016)
[2] Moon et.al., PRC 76, 067301 (2007) 
[3] Lonnroth et.al., Phys. Scr. Vol. 27, 228 (1983)
[4] S. Das et.al., NIM A, 893, 138 (2018).
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Fig. 1: Coincidence spectra of 642 keV gate (above 11/2- 
isomer) of 131Xe. 

Fig. 2: Alignments plots for the yrast 11/2- band for N=77 
isotones.
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Deformed band structure based on ph9/2 orbital in 199Tl
Soumik Bhattacharya1, S. Bhattacharyya1, R. Banik1, S. Das Gupta2, G. Mukherjee1, A. Dhal,

 S.S. Alam1, Md. A. Asgar1, T. Roy1, A. Saha1, S. Nandi1, T. Bhattacharjee1, A. Choudhury, 
Debasish Mondal, S. Mukhopadhyay, P. Mukhopadhyay, S. Pal, Deepak Pandit, I. Shaik and 

S.R. Banerjee

1HBNI, Training School Complex, Anushaktinagar, Mumbai-400094, India.
3Victoria Institution (College), Kolkata 700009, India.

Thallium nuclei (Z=81) with one valance proton hole and few neutron holes outside the doubly magic 
shell closure 208Pb core (Z=82, N=126), are expected to have a spherical structure. However, the shape 

driving effect of intruder ph9/2 orbital imposes an oblate shape and a deformed strongly coupled band based 
on ph9/2 configuration has been observed for all odd mass Thallium nuclei [1-4] near A~200 region. In 
the present work, Gamma spectroscopic techniques have been utilised to extend the yrast and near yrast 
structures in 199Tl using fusion evaporation reaction 197Au(α,2n)199Tl with 30 MeV α beam from K130 
Cyclotron at VECC, Kolkata. 

 

The decaying γ rays from the excited states were detected using VECC array for NUclear Spectroscopy 
(VENUS) at VECC, consisting of six Compton suppressed Clover HPGe detectors [5] and the data were 
acquired in LIST mode with VME DAQ. The main yrast oblate band in 199Tl has been extended beyond band 
crossing and many near yrast band as well as sequence of connecting transitions between various sequences 
have been found with the establishment of 53 new transitions. Total Routhian surface calculations predict 
oblate shape for this nucleus with very small deformation. The detail results and interpretations can be 
found in the published Ref. [6].

                          
References:

[1] S. Das .Gupta et. al. PRC 88,044328, (2013) 
[2] H. Pai et. al. PRC 88,064302, (2013)
[3] R. M. Lieder et. al. NPA 299,255, ( 1978)
[4] N. Marginean et. al. EPJA 301,329, (2010)
[5] Soumik Bhattacharya et. al. International Symposium on Nucl. Phys.  58, 904 (2013)
[6] Soumik Bhattacharya et al., PRC 98, 044311 (2018).

Fig 2: Gated spectrum of oblate yrast band from γ−γ matrix, 
showing transitions in 199Tl. 

Fig 1: Setup of Compton Suppressed Clover HPGe detectors of 
the VENUS array at VECC K-130 Cyclotron beam line.
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Experimental campaign of the Indian National Gamma Array 
(INGA) with light ion beams at VECC

Sarmishtha Bhattacharyya1

1(On behalf of INGA collaboration)

Indian National Gamma Array (INGA) is a large national collaboration in India to pursue the rich variety 
of nuclear structure studies using high resolution gamma ray spectroscopy techniques [1]. The INGA 

detector setup has been moving amongst three accelerator centres in India, viz., TIFR, Mumbai, IUAC, 
New Delhi and VECC, Kolkata, for various experimental campaigns. The unique feature of the availability 
of light ions from the K-130 cyclotron at VECC, Kolkata, coupled with advanced state of art detector 
facilities, like INGA, has made it possible to access unique regimes of nuclear chart, which are otherwise 
not possible to access with heavy-ion beams.

In the present setup of INGA at VECC, eight 
Clover HPGe detectors along with the BGO 
Anti Compton Shields (ACS) and two LEPS 
(Low Energy Photon Spectrometer) detector 
of planer HPGe have been used. A XIA LLC 
PIXIE-16 250 MHz 12-bit digitizer based 
pulse processing and data acquisition system 
[2] has been used in all the experiments 
carried out during the campaign. Owing to 
the superior data processing speed in the 
digital domain, data could also be acquired 
in the Compton suppressed trigger less 
(singles) mode without compromising on 
the acquired gamma-gamma coincidence 
event rate. An alternative VME based data 
acquisition system with analog electronics 
of NIM standard has also been setup.  

The INGA campaign at Variable Energy Cyclotron Centre (VECC) using light ions has started in December, 
2017 and the experiments were scheduled in two phases. In the phase-I, alpha beam energies in the range 
of 28-40 MeV and proton beams of energy 7-10 MeV were delivered. The second phase of experiments 
used Alpha beams of energy 40-53 MeV. Total 22 experiments have been performed by the users from 
various national institutes and universities, including one from abroad. Experiments to study various 
nuclear structure effects, such as, single particle excitations, vibrational modes, octupole correlations, shape 
coexistence, mixing of K-quantum numbers, influence of intruder orbitals in various mass regions and 
structure of neutron-rich nuclei produced via alpha induced fission,  have been performed [3]. The use of 
LEPS detector has enhanced the detection efficiency for low energy photons and provided the identification 
of fission fragments by X-ray tagging in case of fission reaction.   
                               
References:

[1] S. Bhattacharyya et. al,. Physics News, Vol. 47, page 28 (2017) 
[2] S. Das et al., NIM A 893, 138 (2018).
[3] Soumik Bhattacharya et al., Proc. of DAE symp.on Nucl. Phys. 63, 1156 (2018).

Fig 1: INGA setup at the beamline of K-130 Cyclotron.
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The neutron-rich isotopes of rare-earth region can be accessed by the fission process. The spectroscopy 
of heavy fission fragments provides the opportunity to investigate deformation effects as a function of 

neutron number for a particular isotope chain. In the present work, high spin band structures of neutron-rich 
152–158Pm isotopes have been obtained [1] from the measurement of prompt γ rays of isotopically identified 
fragments produced in fission of 238U+9Be and detected using the VAMOS++ magnetic spectrometer and 
EXOGAM segmented Clover array at GANIL, France and from the high statistics γ -γ -γ and γ -γ -γ -γ data 
from the spontaneous fission of 252Cf using Gammasphere at ANL,USA. The first method improves the 
selectivity and sensitivity of the measurements by unambiguous identification (A,Z) of the isotopes [2] and 
the second one facilitates the study of high spin structures using high-fold γ-γ coincidence techniques. Fig. 
1 shows the identification plot of (Q vs M/Q) after selection of Z = 61 at the focal plane of VAMOS++.

The excited states in 157Pm and those above the isomers 
in even-A Pm isotopes 152,154,156,158Pm have been identified 
for the first time. The spectroscopic information on the 
rotational band structures in odd-A Pm isotopes has 
been extended considerably to higher spins and the 
possibility of the presence of reflection asymmetric 
shapes is explored. The configuration assignments are 
based on the results of cranked relativistic Hartree-
Bogoliubov calculations, employing two covariant 
energy density functionals (CEDFs), namely, NL1 and 
NL3* [3]. From the systematics of bands in odd-A Pm 
isotopes and weak population of opposite parity bands, 
octupole deformed shapes in neutron-rich Pm isotopes 
beyond N = 90 seem unlikely to be present. For the 

odd-odd Pm isotopes, new band structures above the long-lived isomeric states have been reported for the 
first time.

References: 
[1] S. Bhattacharyya et al., PRC 98, 044316 (2018). 
[2] A. Navin and M. Rejmund, McGraw-Hill Yearbook of Science and Technology, p137 (2014). 
[3] A.V. Afanasjev, P. Ring and J. Konig, NPA 676, 196 (2000)

Fig. 1: Charge state (Q) as a function of the mass over charge 
(M/Q) after selection of Pm (Z = 61) in the 238U+9Be reaction 
at 6.2 MeV/u.
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Lifetime measurement in neutron rich nuclei around 132Sn using 
VENTURE

S.S. Alam, D. Banerjee1, A. Saha and T. Bhattacharjee

1RCD-BARC, Variable Energy Cyclotron Centre, Kolkata, PIN-700 064, India

The availability of spectroscopic information around 132Sn is in striking contrast to the richness around 
the classical doubly magic nuclei, viz., 16O, 40Ca and 208Pb. This is mainly because of the experimental 

difficulty in reaching this region by compound nuclear or transfer reactions using the available target-
projectile combinations. Fission is one of the most accessed pathways by which these nuclei are possible to 
be studied. The lifetime measurements on the low lying levels of the neutron rich Iodine and Xenon nuclei 
with few extra proton particles and few neutron holes compared to 132Sn shell closure is very important for 
understanding the structure evolution around double shell closure of 132Sn.

In the present work, lifetimes have been measured for the low lying levels of odd-A 131I and even-even 
132Xe nuclei populated through the decay of radio-chemically separated Te fission fragments. The GCD 
technique has been used for the measurement of lifetime using VENTURE array [1]. The γ-γ coincidences, 
as obtained with the VENTURE array, for some of the levels in the Xe and I nuclei are shown in Fig. 1 and 
the time distribution spectra corresponding to different levels in 131I and 132Xe nuclei are shown in Fig. 2.  In 
total, lifetimes were measured for five levels in 132Xe and four levels in 131I [2].

References

[1] S. S. Alam et al., Nuclear Inst. and Methods in Physics Research, A874, 103 (2017).
[2] S. S. Alam et al., Phys. Rev. C 99, 014306 (2019).

Fig 1: The gated projections obtained with VENTURE (blue) and 
VENUS(red), corresponding to few levels in 131I and 132Xe, are 
shown. The details on these excited levels are given in Table 1.

Fig 2: The delayed (red) and anti-delayed (blue) time 
distribution spectra corresponding to few levels in 131I and 
132Xe, as shown in Table1.F
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Spectroscopy of low lying states in 150Sm using VENUS array

A. Saha, T. Bhattacharjee, S.S. Alam, D. Banerjee1, M. Saha Sarkar2, S. Sarkar3, J.B. Gupta4,a, 
P. Das, Soumik Bhattacharya, Deepak Pandit, R. Guin1,a, S.K. Das1,a, S.R. Banerjeea

 1RCD-BARC, Variable Energy Cyclotron Centre, Kolkata, PIN-700 064, India
2Saha Institute of Nuclear Physics, Kolkata, PIN-700 064, India

3Indian Institute of Engineering Science and Technology, Shibpur, West Bengal, PIN-711 103, India
4Ramjas College, University of Delhi, Delhi, PIN-110 007, India

The low lying states of 150Sm have been studied through decay spectroscopy of odd–odd 150Pm, populated 
with 150Nd(p, n)150Pm reaction at Ebeam = 8.0 MeV using 97% enriched 150Nd target and detecting the 

γ-rays with the VENUS array comprised of six Compton suppressed Clover HPGe detectors. Nineteen new 
transitions are placed, four tentative γ-rays are confirmed and eight transitions are found to have altered 
placements; consequently assigning thirteen new levels to the decay scheme of 150Pm. Spin assignment 
were made through logft and angular correlation analysis  which also confirmed five E1 transitions in the 
level scheme, shown in figure 1. The derived B(E1) values conjectured the octupole character of the 1165.5 
and 1658.4 keV levels.

Fig 1: The partial level scheme of 150Sm obtained in the present work. Some of the levels are shown in more than one part to 
completely show the decay and feeding of a particular level. The thirteen new levels placed in the decay scheme and nineteen new 
transitions found in the present work are shown with red. The transitions for which the placement is altered are shown with blue. 
The tentative transitions that are confirmed in the present work are shown with green. 
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Identification of nuclear tetrahedral and octahedral symmetries: 
Illustration on a rare earth nucleus 152Sm

J. Dudek1,2, D. Curien1, K. Mazurek3, S. Tagami4, Y.R. Shimizu4 and T. Bhattacharjee

1Université de Strasbourg, CNRS, IPHC UMR 7178, F-67 037 Strasbourg, France
2Institute of Physics, Marie Curie-Skłodowska University, PL-20 031 Lublin, Poland

3Niewodnicza´nski Institute of Nuclear Physics, Polish Academy of Sciences, 2 ulica Radzikowskiego 152, PL-31 342 Kraków, Poland
4Department of Physics, Faculty of Sciences, Kyushu University, Fukuoka 8190359, Japan

We have shown that experimental results for five positive-parity levels in 152Sm are interpreted as 
octahedral symmetry sequence and fit a single parabola in agreement with the group-theory 

interpretation [1], within over a 1000-keV interval, with the r.m.s. deviation of 1.6 keV. At the same time those 
for the six experimental negative-parity levels interpreted as the octahedral-symmetry sequence fit another 
single parabola, within the interval of about 1200 keV, with the r.m.s. deviation of 7.5 keV.  Both reference 
parabolas extrapolated to I = 0 meet at an intercept of 1396 keV with 0.7 keV precision. This suggests that at 
the low-spin limit the two sequences lie close together resembling approximately the tetrahedral-symmetry 
band with the Iπ = 0+ band-head. These observations are compatible with the coexistence of tetrahedral and 
octahedral symmetries predicted by the calculations and with the group-theory criteria. Thus, it may be 
concluded that the experimental results already available on energy spectrum in 152Sm [2] and illustrated in 
Fig. 1 identify the presence of both discussed symmetries in the 152Sm nucleus. 

Fig. 1: Graphical representation of the experimental data on the existence of tetrahedral and octahedral symmetry patterns of energy 
levels in 152Sm

References: 
[1] S. Tagami,Y. R. Shimizu, and J. Dudek, Phys. Rev. C 87, 054306 (2013).
[2] www.nndc.bnl.gov/ensdf
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Possibility of lifetime measurement down to picoseconds with 
VENTURE 

                  
S.S. Alam, A. Saha, D. Banerjee1 and T. Bhattacharjee

1RCD-BARC, Variable Energy Cyclotron Centre, Kolkata, PIN-700 064, India

The VECC array for Nuclear fast Timing and angUlar corRElation studies (VENTURE) has been 
developed at VECC, Kolkata by using several fast timing CeBr3 detectors [1] and the first installation 

was reported last year [2]. This first γ-γ fast timing array in India will be used for the measurement of 
nuclear level lifetimes from several nanoseconds down to few picoseconds in decay and in-beam gamma 
spectroscopy experiments. The generalized Centroid Difference (GCD) Technique [3] is used for such 
measurements of nuclear level lifetime where the primary aim is to generate time distribution spectra from 
the combinations of two individual detectors. In such measurements, the pulse processing electronics has 
a major contribution in the achieved precision as the method involves the delay matching of the ‘true’ time 
peaks generated from several sets of two detector combinations in the array. 

Fig 1:  Circuit diagram for the pulse processing for GCD measurement with VENTURE array.

This work reports the first use of the common start timing technique in such measurements with fast 
timing CeBr3 detectors. The present work also reports the first exploration on lifetime measurements with 
VENTURE array using GCD method and through off-beam decay spectroscopy. The pulse processing has 
been done using the circuit diagram given in Figure 1 and the lifetime measurements have been performed 
for few low lying levels in 133Cs and 106Pd nuclei [1]. This measurement sets the VENTURE array ready for 
lifetime measurement through decay spectroscopy. 

References:
[1] S. S. Alam et al., Nuclear Inst. and Methods in Physics Research, A874, 103 (2017).
[2] S. S. Alam et al., VECC Progress report 2016.
[3] J. M. Regis et al., Nuclear Inst. and Methods in Physics Research, A823, 72 (2016).
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Pulse processing electronics for γ-γ fast timing array VENTURE 

S.S. Alam, D. Banerjee1, D. Kumar, S. De Chowdhury1 and T. Bhattacharjee

3RCD-VECC, Variable Energy Cyclotron Centre, 1/AF Bidhan Nagar, Kolkata – 700 064

For nuclear structure studies, the knowledge of the lifetime of a nuclear excited state is essential. In 
general, nuclear excited states have lifetime in the range of a few femtoseconds to microseconds and 

most of the lifetimes found are in the picosecond region. Using very fast scintillator detectors, lifetimes 
down to the few picosecond regions can be determined. VECC array for Nuclear fast Timing and angUlar 
corRElation studies (VENTURE) has been developed at VECC, Kolkata [1] which consists of an array 
of CeBr3 for the purpose of γ-γ fast timing measurement. The Generalized Centroid Difference (GCD) 
technique [2] is used for the measurement of nuclear level lifetime in the range of picoseconds but an 
appropriate and optimum pulse processing electronics setup is necessary for better precision.

In the present work, we focus on the comparison between the three different electronics setup Common Start 
[1], Common Stop [3], Multiplexing [2] for the fast timing measurement. This Comparison is important to 
decide the optimum electronics setup for a large dimension of the array with large number of detectors. Data 
has been gathered in all the above three electronics set up by using standard source 152Eu with VENTURE 
array at VECC. The γ-γ timing spectra obtained from different set ups are shown in Fig. 1.

(a)                                                                                 (b)

Fig 1:  Time distribution spectrum are shown, (a) Using two detectors of the array, (b) Using all possible combination of 6 detectors, 
corresponding to three different electronics setup.

References 
[1] S. S. Alam et al., Nuclear Inst. and Methods in Physics Research A 874, 103 (2017). 
[2] J.M. Régis, et al., Nucl. Instrum. Methods Phys. Res. A 823 (2016) 72. 
[3] N. Mărginean, et al., Eur. Phys. J. A 46 (2010) 329 
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Measurement of Electric Quadrupole moments in neutron rich 131,132I
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The quadrupole moments provide a direct insight into the single particle structure or the collective nature 
of a particular nuclear state. The electric quadrupole moments of the n-rich Iodine (I) nuclei are of 

extreme importance to understand the n-n interaction around double shell closure of 132Sn.  

 

The change in n-n interaction around 132Sn has been manifested in the sudden change in the energy of the 
first excited state of 135Sb [1,2] and from the systematics of quadrupole moments of the 5/2+ and 7/2+ levels 
in odd-A Iodine nuclei up to N = 82[3]. Hence, it is of importance to measure these quadrupole moments 
and explore their shell model predictions. 

In the present work, the quadrupole moment of the 5/2+ level of 131I is measured using the Time Differential 
Perturbed Angular Correlation  (TDPAC) technique along with that of the 3+ level of 132I.  The n-rich 
Iodine isotopes were produced from decay of Te fission fragments produced with natU(α,f) reaction. Radio-
chemical separation was performed to separate and incorporate the Te-isotopes into natural metallic Te. The 
data was taken by both BGO suppressed Clover HPGe detectors and by three planar 30 mm x 30 mm thick 
cylindrical LaBr3(Ce) detectors. XRD of inactive Te metal power, produced by the similar chemistry, has 
been performed and observed trigonal phase of Te metal. The electric field gradient value was calculated 
using the Wien2K [4] code. The experimental observation has been compared with the available literature 
values [5] and Large Basis shell model (LBSM) calculation using NUSHELLX [6] and tabulated in Table1.

References:

[1] J. Shergur et al., Phys. Rev. C 65, 034313, (2002).
[2]  L. Corragio et al.,  Phys.Rev. C72, 057302 (2005).
[3] D. W. Hafemeister,  Phys.Rev., B1089, 135 (1964) and references therein.
[4] P. Blaha et. al., Technische Universititat Wien, 1999, Austria.
[5] N. J. Stone,Atom. Data & Nucl. Data Tables 90, 75 (2005).
[6] B. A. Brown and W. D. M. Rae, Nucl. Data Sheets, 120, 115 (2014).

Fig. 1: TDPAC spectra (left) and their Fourier transforms 
(right).

Table 1:The measured values of QM  for low lying levels in 131I and 
132Xe.
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Study of nuclear structure in 125I
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3Indian Institute of Engineering Science and Technology, Howrah - 711103, INDIA 
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The odd mass Iodine nuclei (Z=53) lie between the spherical (Z = 50) and the well deformed (Z = 57) 
nuclei so they show transitional behaviour in nature. In the low lying region, competition between oblate 

and prolate shapes for the πd5/2 and πg7/2 configurations was predicted for some of the isotopes [1,2]. The 
coexistence of oblate and prolate shapes along with single quasi-particle and three quasi-particle rotational 
bands in 125I [3] was also observed. It is interesting to explore the single quasi-particle bands based on below 
core pg9/2 and unique parity ph11/2 orbitals and these have been reported in several neighboring nuclei [3-6]. 

 

The 125I nucleus has been populated using reaction 123Sb (α,2nγ)125I  with 30 MeV beam energy from K-130 
cyclotron at VECC and γ rays were studied with Indian National Gamma Array (INGA) having six Compton 
suppressed CLOVER HPGe detectors and one LEPS detector at 25cm apart from the target. Both single 
quasi-particle and multi-quasi-particle band structures have been observed in 125I with the placement of new 
transitions. The presence of core excitation from g9/2 orbital and unfavoured partner of ph11/2 band has been 
observed. Data analysis is in progress.

Authors acknowledge K-130 cyclotron staffs, INGA LEC and other INGA working group members. 
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[4] S-Y. Wan et al., Jour. Phys. G: Nucl. Part. Phys. 32, 283 (2006).
[5] Sadek Zeghib et al., Phys. Scr. 81, 025201 (2010).
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Fig. 1: Gated projection of energy spectra represents band 7 [3]. 
New lines are shown with *

Fig. 2: Gated projection of energy spectra represents band 5 [3] 
New lines are shown with *.
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An experiment was performed to populate and perform the decay spectroscopy of long-lived isotopes 
of Zn, Ga, Tc; Sb, Sn and Re nuclei by using 32 MeV alpha beam from K = 130 cyclotron at VECC, 

Kolkata. The experiment was performed by irradiating the target foils in Ch-I beam line of the cyclotron 
for a short duration of ~3h and a long duration ~ 24h. The purpose of these irradiation experiments were 
the following.

◊	 The Natural Indium (α, xn) reaction was used to populate the Sb nuclei. 
◊	 The natural Cu and Nb targets were used for the population of long lived activities of 65Zn and 66,67Ga 

nuclei whereas the decay spectroscopy of the Re isotopes has been performed by using Ta target. 
◊	 The Long lived isotopes of 160,161,162Ho have been populated.

The off-line gamma rays were counted using various detector set ups, viz., Clover and LEPS setup with 
NIM-VME electronics (VECC), fast timing LaCl3, BaF2 & LaBr3 setups (ANP), Clover detector setup with 
Digital DAQ and setup of two LaCl3-3PB organic scintillator detectors. The first set up was made at VECC, 
Kolkata using the thin window LEPS and two Clovers of the VENUS array to record the gamma decay of 
the Sb and Sn nuclei. The other setups were made at SINP, Kolkata to count the other remaining activities 
and to measure the level lifetime.

In this irradiation experiment, a foil (thickness 60 micron) of natural Indium (113In: 4.28%; 115In: 95.72%) 
was bombarded with 32 MeV alpha beam to study the 117,118Sn from the decay of Sb isotopes. The beam 
current was nearly 1 µA. We used the 0ο beam-line for irradiating the target material. The irradiated foil was 
later carried to a close-by laboratory for gamma spectroscopic measurements. Two Clover detectors and 
one LEPS detector were used for the measurement. 

In the present work, lifetimes of negative parity isomers and low lying positive parity isomers in 117, 118Sn 
have been experimentally determined. The shell model calculations have been performed with severe 
truncations to probe whether the calculations can successfully reproduce the isomers. The half-life of 118mSb 
has been re-measured. The unassigned gamma rays seen by earlier workers are also observed in the present 
work. Coincidence data are being analyzed to identify their origin. 
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Study of low spin sub-nano-second isomers using VENTURE

Sangeeta Das1, Anik Adhikari2, Sathi Sharma1, S.S. Alam, Arkabrata Gupta2, Ananya Das2, 
A. Saha, S.K. Dey1, Dibyadyuti Pramanik2,  Abhijit Bisoi2, T. Bhattacharjee, C.C. Dey1, S. Sarkar2,  

M. Saha Sarkar1*

1 Saha Institute of Nuclear Physics, HBNI, Kolkata - 700064, INDIA
2Indian Institute of Engineering Science and Technology, Shibpur, West Bengal - 711 103, INDIA

. * email: maitrayee.sahasarkar@saha.ac.in

Two experiments were performed with the VECC array for Nuclear fast Timing and angUlar corRElation 
studies (VENTURE) array [1] in order to measure the level lifetimes in Ho and Dy isotopes in A~160 

region and in Sn and Sb isotope in A ~120 region. Two following experiments were performed for this 
purpose, using the alpha beam from K-130 cyclotron at VECC.

◊	 The experiment (159Tb+alpha at 35 MeV) was performed to populate several long-lived heavy Ho 
isotopes (A~160).

◊	 The Sn and Sb isotopes were populated by 115In + alpha (~30 MeV) reaction.

Decay gamma rays have been studied using VENTURE array having six Cebr3 detectors at the time of 
experiment, shown in Fig. 1. The details on the pulse processing electronics and generation of Prompt time 
curve can be found in Ref. [1]. The data analysis is in progress for the generation of time distribution spectra 
and to measure the level lifetime with generalized centroid difference technique.

Reference
[1] S. S. Alam et al., Nuclear Inst. and Methods in Physics Research, A874, 103 (2017).

ADRAP: A C++ code with graphical interface for γ-ray angular 
correlation and polarization calculation 

Md. A. Asgar1, G. Mukherjee

1Dept. of Physics, Prabhat Kumar College, Contai, Purba Medinipur, West Bengal 721401

In order to assign spin (J) and parity (π) of a nuclear level in γ-ray spectroscopy experiments, angular 
distribution of γ-rays, DCO ratio and γ-ray linear polarization are measured. From these measurements, 

the multipolarity and type (E/M) of a γ-ray are deduced by comparing with the calculated values. A code, 
ADRAP (Advanced DCO Ratio And Polarization), has been developed at VECC for the calculations of 
these parameters. The code is written in C++ language and GTK+ is used for the graphics interface. This 
code has the advantage of using mixing for higher multipole order of γ-rays, over the ANGCOR code [1]. 
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Fig 1: ADRAP code with a sample input and output for ang. distribution coeff. calculations.

It uses the well known expressions for γ-ray angular distribution and directional correlation functions [2-5] 
for these calculations.  The code has the option to calculate the γ-ray angular distribution co-efficient for 
different multipole of γ-rays, the DCO ratio (RDCO) values for two γ-rays with detectors placed at different 
angles and different mixing ratios and the polarization (P) values. One can calculate RDCO and P together for 
a particular transition. This will help the users to get the data in one go to draw the contours of RDCO and P 
for different mixing ratio δ.  A screen shot of the code along with the sample inputs for the calculation of 
angular distribution coefficient is shown in Figure 1, the output is also given in this figure. 

References:
[1] E.S. Macias, W.D. Ruhter, D.C. Camp and R.G. Lanier, Comp. Phys. Comm. 11, 75 (1976).
[2] T. Yamazaki, Nucl. Data, Section A, Vol.3 (1967).
[3] E. Der Mateosian and A.W. Sunyar, Atomic Data and Nuclear Data Tables 13, 391 (1974).
[4] Chr. Bargholtz and P.E. Tegnier, NIM A 256, 513 (1987).
[5] R.M. Steffen and K. Alder, in “The Electromagnetic Interaction in Nuclear Spectroscopy”, ed., W.D. 

Hamilton (North Holland, Amsterdam, 1975) pp. 505.

High Spin γ ray Spectroscopy of 187Os 

S. Nandi, G. Mukherjee, A. Dhal, R. Banik, S. Bhattacharya, C. Bhattacharya, S. Bhattacharyya, 
S. Kundu, D. Paul, S. Ali1, S. Rajbanshi2, H. Pai1, P. Roy1, S. Chattterjee3, S. Das3, S. Samanta3, 

A. Goswami1, R. Raut3, S. Ghugre3, S. Biswas4

1Saha Institute of Nuclear Physics, Kolkata, 
2Dum Dum Motijheel College, Kolkata,

3UGC-DAE Consortium for Scientific Research, Kolkata Centre,
4GANIL, Bolvd. Henry Becquerel. 14000 Caen, France

The low- and medium spin states in 187Os have been studied at VECC using γ-ray spectroscopy 
technique. Recently, the structure of the neighboring even-even 186Os is reported to be triaxial [1]. 

The aim in the present work is to investigate the effect of different Nilsson orbitals on this triaxial core 
to generate the excited states in 187Os.
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The excited states of 187Os has been populated by the reaction 186W (4He, 3n)187Os at 36 MeV beam from 
K-130 cyclotron at VECC, Kolkata. A stack of three targets each of 300 mg/cm2on a 12C backing (20 mg/
cm2) were used. The INGA (Indian National Gamma Array) setup with seven Compton-suppressed clover 
HPGe detectors and one LEPS (electrically segmented) detector was used to detect the gamma rays. Two-
fold coincidence data were recorded using a PIXIE-16 digitizer based system of UGC-DAE CSR [2] and 
the data were sorted using the . IUCPIX package [3].

Fig 1.Coincidence spectra gated by 162 keV γ-ray

In the preliminary analysis, all the known γ-rays in 187Os and several new transitions have been observed. 
A gated spectrum is shown in Figure 1. The LEPS detector was used to identify the low-energy γ-rays, a 
new low-energy, 26 keV γ-ray has been identified in the LEPS spectrum gated by γ-rays detected in clover 
detectors. The Detailed analysis is in progress.

References:
 [1] C. Wheldon et al., Nucl. Phys. A 652, 103-131 (1999). 
 [2] S. Das et al., Nucl. Instrum. Methods Phys. Res. A 893 (2018) 138
 [3] S. Das et al., Proceedings of the DAE-BRNS Symp. on Nucl. Phys. 61, 1028 (2016).

Triaxial deformation driving effect of neutron i13/2 orbital
G. Mukherjee, T. Roy and A. Dhal

The effect of the neutron alignment in i13/2 orbital on the nuclear deformation has been studied by Total 
Routhian Surface (TRS) calculation in Odd-Z 195Tl (Z = 81) and 169Tm (Z = 69) nuclei. The ground state 

of 195Tl and 169Tm are spherical and prolate, respectively and oblate shape is realized for h9/2 configuration 
in 195Tl at higher excitation [1, 2]. 

TRSs were calculated by Strutinsky shell correction method and a deformed Woods-Saxon potential with BCS 
pairing. For calculations at non-zero rotational frequency (ω), the cranking is introduced through the wjx term (jx 
= projection of particle angular momentum on rotational axis). Detailed of the calculations are outlined in Ref. 
[3] and references there in. The calculations are performed for different configurations and for different ω values.  
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The TRSs calculated for two configurations in 195Tl and 169Tm are shown in Figure 1 and 2, respectively. 
The b2 and γ values for the minimum of the surfaces correspond to the nuclear shape. The minima at oblate 
and prolate shapes for the 1-quasiparticle (qp) configuration in 195Tl and 169Tm change to triaxial one for 
multi-qp configurations involving i13/2 neutrons in both the cases. This shows that the triaxial shape driving 
effect of the neutron i13/2 orbital.

 

                       

References:
[1] R. M. Leider et al., Nucl. Phys. A299, 255 (1978).
[2] D. Barnéoud, et al., Nucl. Phys. A230, 445 (1974).
[3] G. Mukherjee et al., Nucl. Phys. A 829, 137 (2009). 

Fig 2: (a) TRS plots for 169Tm for 1-qp p[411]1/2+ and (b) 3-qp p[411]1/2+ ⊗ ni13/2
2 configurations. TRS minimum at prolate  

deformation in (a) shifts to triaxial  one  (γ = -28o) in (b).

a b

γ= -30o (triaxial)

a b

γ= -30o (triaxial)

Fig 1: (a) TRSs plot for 197Tl for 1-qp ph9/2 and (b) 5-qp pi13/2 ⊗ ni13/2
−3 (p3/2f5/2)

−1 configurations. The minimum shifts from an oblate 
(γ = -60o) to a triaxial (γ = 30o) one from (a) to (b).
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Systematics of β-delayed neutron emission probabilities for 
nuclei with 40 < Z < 50#

G. Mukherjee and K. Banerjee1*

1Dept. of Nuclear Physics, Research School of Physics and Engineering, The Australian National University, ACT 2601, Australia
*On leave from VECC, Kolkata

#Financially assisted by IAEA, Vienna, Austria through Research Contract No. 17877

The beta-delayed neutron (bDN) emission, occurs in neutron rich nuclei, has great importance in both 
basic physics and applications [1, 2]. This includes r-process nucleosynthesis network calculations, 

reactor operation, and nuclear fuel post processing, etc. Several phenomenological models based on 
systematics have been developed [3, 4] for better prediction of β-delayed neutron emission probabilities 
(Pn). Considering the necessity and importance of a data base of the evaluated values, the compilation and 
evaluation of Pn  values from various experiments have been carried out as a part of a coordinated research 
project (CRP) of the International Atomic Energy Agency (IAEA).

Both known and potential bDN emitters for the nuclei in the range of Z = 41 – 48 have been considered 
which are reported in the journals published until the end of 2016. The potential emitters were identified 
which satisfied the condition:

Qβ- - Sn> 0          (1)

Where, Qβ− is the Q-value for the β- decay and Sn is the neutron separation energy. Two data tables were 
made, one for compilation and another on the evaluated and adopted values. The compilation table consists 
of the references, halflife (T1/2) in sec (s), Pin (i = 1, 2 and 3) values in percent (%), the experimental 
methods, whether neutron spectra are provided and a comment on T1/2 measurement. 

A compilation table and an evaluated table of T1/2 and Pn (wherever known) for 103 nuclei (including 10 
excited isomeric states) for the neutron rich isotopes from Nb (Z = 41) to Cd (Z = 48) in the mass region A 
= 103 – 134 have been made. Out of these 103, only 32 nuclei have experimental data on P1n. All others are 
potential β-delayed neutron emitters and it would be useful to measure the Pn values of those nuclei.  No 
P2n or P3n emitters were found for the nuclei evaluated in this work. Interesting systematic behaviour of Pn 
with Q and T1/2 has been studied and will be reported.

The guidance of Prof. B. Singh (McMaster Univ., Canada) and Dr.Paraskevi Demetriou (IAEA, Austria) 
and the help of NNDC in getting many of the references are gratefully acknowledged. 
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[3] E. A. McCutchan et al., Phys. Rev. C 86, 041305(R) (2012).
[4] K. Miernik, Phys. Rev. C 88, 041301(R) (2013).



26

Change in decay rate and studies on structural evolution under 
compression 

P. Das, A. Ray#, S. Pathak##, A.K. Sikdar, M. Sahu1, G. Mandal2

1RCAD, BARC, Mumbai
2Centre for Rural and Cryogenic Technologies, Jadavpur University, Kolkata

#Financially assisted by DST, India,
## Financially assisted by DAE, India

The increase of decay rate of 7Be has remained a topic of interest for its implications on 8B neutrino flux 
determination from the sun. Experiments on 7Be electron capture rate implanted in Pd and Au seems to 

indicate the effect of lattice pressure [1], but the effect of high electron affinity of Au could not be neglected. 
Accordingly, we have measured change of decay rate of 
7Be implanted in Pd and Pb lattices with atoms having 
similar electron affinity. 

Figure. 1 shows plots of ratios of intensities of 478 KeV 
γ-ray line to the sum of 1173.2 keV and 1332.5 keV 
γ-ray lines with time for both 7Be implanted Pb and Pd 
foils, indicating faster decay rate for 7Be in Pd. We have 
obtained that the decay rate of 7Be in Pd is faster than that 
of 7Be in Pb by (0.84±0.16) %, significantly higher than the 
estimations from based on density functional calculation

Study of structural change of HfO2 under compression 

Structural evolution of HfO2 under compression studied at Elettra synchrotron facility, Trieste, Italy 
indicates phase transformation at 3.7 GPa [2] as shown in Figure 2. A study at Petra-III synchrotron facility, 
Hamburg, Germany of a sample HfO2 doped with 1% Tantalum interestingly shows phase transformation 
at ambient condition.

  

       

References: 
[1] Li Cheng-Bo et al., Chin. Phys. Lett. 27, 012301 (2010). 
[2] Santanu Pathak, Guruprasad Mandal and Parnika Das AIP Conference Proceedings 1942, 030027 

(2018)

Figure. 1 Time versus ratios of intensities

Fig. 2 High pressure XRD at Elettra with HfO2  Fig. 3 XRD at Petra with 1% Ta-doped HfO2
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Indigenous development of a versatile low cost Quad Majority 
Logic Unit

Somnath Dalal, Partha Bhaskar, Chandana Bhattacharya

Since, commercial NIM modules are very expensive and take a long time to procure and has poor after 
sales service facilities in India, we have developed a low cost Majority Logic Unit at VECC. 

The developed unit contains four channels of four independent logic Input along with a VETO input in a 
single width Nim module. The coincidence level can be selected using front panel mounted switch. The 
unit provides two NIM outputs whose width can be adjusted from 10 nsec to 300 nsec through front panel 
mounted trim pot. Logical AND, OR, Majority logic,Fan-in /Fan-out and Anti-coincidence functions can be 
performed with this versatile module.  The inputs to the logic modules are standard NIM logic levels. The 
minimum coincidence time between two pulses to get an output is measured to be about 2nsec. The total 
propagation delay between inputs and output is 16nsec.

  
The unit uses state of the art ECL high speed logic devices and hence a double layered printed circuit 
board, essentially with GND plane is designed. The design is done using PCB designing software ARES 
7 Professional. To achieve high density and adequate performance, surface mount components have been 
used. The heart of the circuit uses AD96687, 11C70 and ultra-fast switching transistors like BFR92 and 
BFT92. This module uses power supply of ±6V, +12V and GND. Presently two such units have been 
developed and being used by users and there is demand for more such low cost units. 
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1.2  Nuclear Theory

Astrophysical S-factor for deep sub-barrier fusion reactions of 
light nuclei 

Vinay Singh, Debasis Atta, Md. A. Khan1, D.N. Basu

1Department of Physics, Aliah University, IIA/27, New Town, Kolkata 700156, India

The cross sections for deep sub-barrier fusion reaction of light nuclei D+D, D+T,	D+3He, p+6Li, p+7Li 
and p+D are calculated within the theoretical framework of selective resonant tunneling model [1]. In 

this model, assumption of a complex square-well nuclear potential is invoked to describe the absorption 
inside a nuclear well. The theoretical estimates for these cross sections agree well with the experimentally 
measured values [2]. The features of the astrophysical S-factor are derived in terms of this model. It is 
interesting to notice that while the real part of the potential is mainly derived from the resonance energy, 
the imaginary part of the potential is determined by the Gamow factor at resonance energy. The good 
agreement between the experimental data [2] and the quantum-mechanical calculation suggests strongly of 
selective resonant tunneling [1]. The penetrating particle keeps its memory of the phase factor of its wave 
function. The implication of this selective resonant tunneling model can be further explored for other light 
nuclei fusion reactions.  

References:
[1] Xing Zhong Li, Jian Tian, Ming Yuan Mei, Chong Xin Li, Phys. Rev. C 61, 024610 (2000).
[2] Chadwick M.B. et al. ENDF/B-VII.0: Next generation evaluated nuclear data library for nuclear 

science and technology Nucl. Data Sheets 107, 2931-3060 (2006).

Theoretical exploration of S-factors for nuclear reactions of 
astrophysical importance 
Vinay Singh, Joydev Lahiri, D.N. Basu

We present here a robust analytical model based on nuclear reaction theory [1] for non-resonant 
fusion cross sections near Coulomb barrier. The astrophysical S-factors [2, 3] involving stable and 

neutron rich isotopes of C, O, Ne, Mg and Si for fusion reactions have been calculated in the centre 
of mass energy range of 2-30 MeV. The model is based on the tunneling through barrier arising out of 
nuclear, Coulomb and centrifugal potentials. Our formalism predicts precisely the suppression of S-factor 
at sub-barrier energies which are of astrophysical interest by using only five parameters for asymmetric 
systems and just four parameters for symmetric systems and thus providing an accurate and very compact 
description of S-factor compared to the earlier works [4, 5]. The cross sections can be convoluted with 
Maxwell-Boltzmann distribution of energies to obtain thermo- or pycno- nuclear reaction rates relevant to 
nucleosynthesis at high density environments and stellar burning at high temperatures as well as for 34Ne + 
34Ne fusion occurring in the inner crust of accreting neutron stars.
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Big-bang nucleosynthesis and primordial lithium abundance 
problem 

Vinay Singh, Joydev Lahiri, Debasis Bhowmick, D.N. Basu

Prediction of the primordial abundances of elements in the big-bang nucleosynthesis (BBN) is one of 
the three strong evidences for the big bang model. Precise knowledge of the baryon-to-photon ratio 

of the Universe from observations of the anisotropies of cosmic microwave background radiation [1] has 
made the Standard BBN a parameter-free theory. Although, there is a good agreement over a range of nine 
orders of magnitude between abundances of light elements deduced from observations and calculated in 
primordial nucleosynthesis, there remains a yet-unexplained discrepancy of 7Li abundance higher by a 
factor of ∼3 when calculated theoretically. The primordial abundances depend on the astrophysical nuclear 
reaction rates and on three additional parameters, the number of light neutrino flavours, the neutron lifetime 
and the baryon-to-photon ratio in the universe. The effect of the modification of thirty-five reaction rates 
on light element abundance yields in BBN was investigated earlier by us [2]. In the present work we have 
incorporated the most recent values of neutron lifetime and the baryon-to-photon ratio and further modified 
3He(4He,γ)7Be reaction rate which is used directly for estimating the formation of 7Li as a result of β+ decay 
as well as the reaction rates for t(4He,γ)7Li and d(4He,γ)6Li [3]. We find that these modifications reduce the 
theoretically calculated abundance of 7Li by ∼12% [4].
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Gravitational waves from isolated neutron stars: Mass dependence 
of r-mode instability

Somnath Mukhopadhyay, Joydev Lahiri, Debasis Atta, Kouser Imam1, D.N. Basu

1Department of Physics, Aliah University, IIA/27, New Town, Kolkata 700156, India

In this work, we study the r-mode instability windows and the gravitational wave signatures of neutron stars 
in the slow rotation approximation using the equation of state obtained from the density-dependent M3Y 
effective interaction [1]. We consider the neutron star matter to be β-equilibrated neutron-proton-electron 
matter at the core with a rigid crust [2]. The fiducial gravitational and viscous timescales, the critical 
frequencies, the time evolutions of the frequencies, and the rates of frequency change [3] are calculated for 
a range of neutron star masses. We find that all of the observed neutron stars lie in the stable r-mode region 
[4], which is consistent with the lack of observation of gravitational radiation due to r-mode instability. We 
show that the young and hot rotating neutron stars lie in the r-mode instability region. We also emphasize 
that if the dominant dissipative mechanism of the r-mode is the shear viscosity along the boundary layer 
of the crust-core interface, then the neutron stars with low L value lie in the r-mode instability region and 
hence emit gravitational radiation.
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Δ self-energy at finite temperature and density and the πN cross 
section

Snigdha Ghosh, Sourav Sarkar and Sukanya Mitra1

1IIT Gandhinagar
 

The self-energy of the Δ baryon is evaluated at  finite temperature and density using the real-time 
formalism of thermal field theory. The self energy of Δ includes the contributions from πN, ρN, πΔ and 

ρΔ loops. 

The real part of the in-medium self energy of Δ is found 
to be small.  We then evaluate the spectral function of 
Δ, which is the imaginary part of the complete Δ propagator, obtained from a Dyson-Schwinger sum. 

The imaginary part of the self energy is calculated 
from the discontinuities across the Unitary and 
Landau cuts. The Unitary cuts (which are also present 
in vacuum) and the Landau cuts (which are purely 
medium effects) are related to the different decay and 
scattering processes. 

Fig: Feynman Diagram for Δ self energy
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With the increase of temperature and density, the spectral function of Δ becomes broader (implies that the Δ 
becomes more unstable) and its peak shifts towards higher values of Δ energy by a small amount (implies 
that the pole mass of Δ increases by a small amount). We then proceed to calculate the πN→πN scattering 
cross section in the medium. For this, we have replaced the vacuum Δ propagator by the complete in-
medium one in the scattering matrix elements. The vacuum cross section is found to be well in agreement 
with the experimental data. The in-medium cross section is found to have significant suppression in its peak 
value with the increase in temperature and density. 

Reference:
[1] S. Ghosh, S. Mitra and S. Sarkar,  Phys. Rev. D 95, no. 5, 056010 (2017).

Mass modification of hot pions in a magnetized dense medium
Arghya Mukherjee1, Snigdha Ghosh, Mahatsab Mandal1, 

Pradip Roy1 and Sourav Sarkar

1SINP

A phenomenological pion-nucleon interaction is used to obtain pionic mass modification in presence of 
constant homogeneous magnetic field background at finite temperature and chemical potential in the 

real time formalism of thermal field theory. The one-loop self energy of the pion is evaluated from loop 
graphs with nucleons in the internal lines.

In presence of external magnetic field the proton 
propagator is modified by means of Schwinger 
proper time propagator, whereas the neutron 
propagator remains unaffected. The magnetically 
modified propagator in its complete form is used 
to obtain the one loop self-energy for pions. Thus 
no approximation is made on the strength of the 
magnetic field.

Fig: Spectral function of Δ at different temperature and 
chemical potential

Fig: Elastic πN→πN scattering cross section at different 
temperature and chemical potential

Fig: Feynman diagrams for pion self energy
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For charged pions we find that the effective 
mass increases with the magnetic field at given 
temperature and chemical potential. Since the 
transverse momentum of charged pion is quantized 
and its contribution to Dyson-Schwinger equation is 
large compared to the loop correction, the charged 
pion mass remains constant with both temperature 
and chemical potential for a given landau level. 

In order to unveil the role of the real part of the 
self-energy, we also calculate the effective mass 
neglecting the trivial shift. The effective mass for 
charged pions shows an oscillatory behavior which 
is attributed to the thermal contribution of the self-
energy. It is argued that the magnetic field dependent 
vacuum contribution to the self-energy influences the behavior of the effective mass both qualitatively and 
quantitatively. We also find that very large field is necessary for neutral pions to condense.

Reference:
[1] A. Mukherjee, S. Ghosh, M. Mondal, P. Roy and S. Sarkar,  Phys. Rev. D 96, no. 1, 016024 (2017).

Thermal effects on ρ meson properties in an external magnetic field
Snigdha Ghosh, Arghya Mukherjee1, Mahatsab Mandal1, 

Pradip Roy1 and Sourav Sarkar

1SINP

We take an effective Lagrangian for ρππ interaction and calculate the one-loop self energy of the vector 
meson ρ. The self energy is calculated at  finite temperature using the standard techniques of Real 

Time Formalism of Thermal Field Theory. 

Fig: Effective mass of π+ as a function of eB along with Landau 
shift

Fig: Effective mass  variations of pions with eB, T and μN



 Nuclear Theory

33

The inclusion of external magnetic field is done by means of 
modifying the charged pion propagator through Schwinger 
proper time formalism. The imaginary part of the self energy 
is obtained from the discontinuities of these graphs across the 
Unitary and Landau cuts, which is seen to be different for ρ0 
and ρ±. A detailed study of the analytic structure of the self 
energy function is performed.

It is worth mentioning that, no approximation is made regarding 
the strength of the magnetic field and full Schwinger propagator 
with all the Landau levels are considered in the calculation. 
The magnetic field dependent vacuum contribution to the real 
part of the self energy, which is usually ignored, is found to be 
appreciable.

A significant effect of temperature and magnetic field is seen in the self energy, spectral function, effective 
mass and dispersion relation of ρ0 as well as ρ± relative to its trivial Landau shift. 

However, for charged ρ mesons, on account of the dominance of the Landau term, the effective mass 
appears to be independent of temperature. The trivial coupling of magnetic moment of ρ± with external 
magnetic field, when incorporated in the calculation, makes the ρ± to condense at high magnetic field.

Reference:
[1] S. Ghosh, A. Mukherjee, M. Mondal, P. Roy and S. Sarkar,  Phys. Rev. D 96, no. 11, 116020 (2017).

Fig: Feynman diagrams for rho meson self energy

Medium effects on the electrical condutivity of a hot pion gas  

Snigdha Ghosh, Sukanya Mitra1   and  Sourav Sarkar

1IIT Gandhinagar
 

The electromagnetic response of an interacting system of pions has been studied at finite temperature. 
The corresponding transport parameter i.e. electrical conductivity has been estimated by solving 

the relativistic transport equation in presence of a finite electric field employing the Chapman–Enskog 
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technique where the collision term has been treated in the relaxation time approximation. The scattering 
amplitudes of charged pions modeled by ρ and σ meson exchange using an effective Lagrangian have been 
obtained at finite temperature by introducing self-energy corrections in the thermal propagators in the real 
time formalism. The temperature behavior of electrical conductivity for a hot pion gas shows significant 
quantitative enhancement due to the inclusion of medium effects in scattering.

Reference:
[1] S. Ghosh, S. Mitra and S. Sarkar,  Nucl. Phys.  A969 (2018) 237

Inverse magnetic catalysis in the Walecka  model

Arghya Mukherjee1, Snigdha Ghosh, Mahatsab Mandal1, 
Pradip Roy1 and Sourav Sarkar

1SINP

The vacuum to nuclear matter phase transition is studied in the presence of a constant external 
background magnetic field with the mean-field approximation in the Walecka model. The anomalous 

nucleon magnetic moment is taken into account using the modified “weak” field expansion of the fermion 
propagator with nontrivial correction terms for both charged and neutral particles. The effect of the nucleon 
magnetic moment is found to favor the magnetic catalysis effect at zero temperature and zero baryon density. 
However, extending the study to finite temperatures, it is observed that the anomalous nuclear magnetic 
moment plays a crucial role in characterizing the qualitative behavior of the vacuum to nuclear matter 
phase transition even in the case of weak external magnetic fields. The critical temperature corresponding 
to the vacuum to nuclear medium phase transition is observed to decrease with the external magnetic field, 
which can be identified as inverse magnetic catalysis in the Walecka model, whereas the opposite behavior 
is obtained in the case of a vanishing magnetic moment, indicating magnetic catalysis.

Reference:
[1] A. Mukherjee, S. Ghosh, M. Mandal, S. Sarkar and P. Roy,  Phys. Rev. D 98,  (2018)  056024.
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Medium effects on Relaxation times and Transportcoefficients 
of Pion-Kaon-Nucleon system

Pallavi Kalikotay, Nilanjan Chaudhuri, Snigdha Ghosh and Sourav Sarkar

The temperature and density dependence of the relaxation times for a gas consisting of pions, kaon 
and nucleons have been evaluated. The in-medium cross-sections for ππ, πK and πN scatterings have 

been obtained by using complete propagators for the exchanged ρ, σ, K* and ∆ excitations derived using 
thermal field theoretic techniques. It was found that the medium effects modify the temperature and density 
dependence of the viscous coefficients to an appreciable extent. Moreover, the addition of more components 
to the pion gas leads to a significant increase in the magnitude of viscous coefficients.
 

Figure:  Vacuum and in-medium (a) kinematic viscosity η/s of pions in pion system(η1/s), pion-kaon system (η2/s) and pion-kaon-
nucleon system(η3/s), (b) bullk viscosity over entropy (ζ/s) of pi-ons in pion system(ζ1/s), pion-kaon system (ζ2/s) andpion-kaon-
nucleon system (ζ3/s).

References:
[1] Pallavi Kalikotay, Nilanjan Chauhduri, Snigdha Ghosh, Sourav Sarkar, DAE Internal Report (VECC/

IR/2018/02).
[2] Proceedings of the DAE Symp. on Nucl. Phys. 63 (2018).

Propagation of scalar meson in external magnetic field
Nilanjan Chaudhuri, Snigdha Ghosh, Sourav Sarkar and Pradip Roy1

1 Saha Institute of Nuclear Physics, 1/AF Bidhannagar, Kolkata - 700064, India

In this work we have studied the propagation of σ meson in presence of a uniform external magnetic field. 
The self-energy of the σ meson due to pion loop was evaluated for magnetic field of different strengths 

including contributions from all landau levels which is not usually done in the literature. It was found that 
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the spectral function gets narrower with increasing magnetic field making the σ more stable against decay 
to pions in contrast to the situation in pure vacuum. The results are shown in the figure below.

Figure: Spectral function of σ for different values of magnetic fields.

References:
[1] Nilanjan Chaudhuri, Snigdha Ghosh, Sourav Sarkar and Pradip Roy, DAE Internal Report (VECC/

IR/2018/03).

First derivative of multiplicity: A new signature of first-order 
phase transition in intermediate-energy heavy-ion collisions

S. Mallik, G. Chaudhuri, P. Das and S. Das Gupta1

1Physics Department, McGill University, Montreal, Canada H3A2T8 

Liquid gas phase transition is a well studied phenomenon in intermediate energy heavy ion collisions and 
more particularly in the domain of nuclear multifragmentation. Different signatures of this transition 

have been studied extensively both theoretically and experimentally. The variation of excitation energy and 
specific heat with temperature are two well studied signatures to detect the first order phase transition. The 
specific heat at constant volume peaks at the transition temperature if there is a liquid gas transition. The 
difficulty of accessing this signature experimentally motivated us to look for more direct signatures of phase 
transition and first order derivative of multiplicity has been proposed as a new signature [1] of liquid gas 
phase transition in nuclear multifragmentation.
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Fig: Variation of multiplicity derivative (red solid line) and specific heat (blue dashed line) with temperature from CTM for the 
fragmentation of 208Pb. 

In multi-fragmentation of a nuclear system, total multiplicity of the fragments, produced in fragmentation 
is a very basic observable and is measured in most experiments.  The derivative of M with respect to E*/A, 
where E* is the excitation energy in the center of mass and A is the total mass of the dissociating system, 
is expected to go through maximum as a function of E*. Theoretical  calculation using our canonical 
model(CTM) for nuclear multifragmentation shows that this is the energy where the specific heat Cv 
maximizes, which typically happens at the first-order phase transition [2].  Experimental detection of the 
signature from multiplicity is more convenient than that from any other conventional thermodynamic 
variables like specific heat or entropy.   In such models of nuclear disassembly it is assumed that there 
statistical equilibrium is attained at freeze out stage and the population of different channels of disintegration 
is solely decided by their statistical weights in the available phase space. The calculation is done for a fixed 
system size, freeze out volume and temperature. The adjoining figure displays the variation of  dM/dT and 
also Cv with temperature for fragmentation of 208Pb.

References:
[1] S. Mallik, G. Chaudhuri, P. Das and S. Das Gupta; Phys. Rev. C 95, 061601 (2017) (Rapid 

Communication and Editor’s Suggestion).
[2] C. B. Das, S. Das Gupta et. al.; Phys. Rep. 406, 1 (2005).

Dynamical and statistical bimodality in nuclear fragmentation
S. Mallik, G. Chaudhuri and F. Gulminelli1

1LPC Caen IN2P3-CNRS/EnsiCaen et Universite, Caen, France

The origin of bimodal behavior [1] in the residue distribution experimentally measured in heavy ion 
reactions is examined using Boltzmann-Uehling-Uhlenbeck simulations [2].  We suggest that, 

depending on the incident energy and impact parameter of the reaction, both entrance channel and exit 
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channel effects can be at the origin of the observed behavior [3].  Specifically, fluctuations in the reaction 
mechanism induced by fluctuations in the collision rate, as well as thermal bimodality directly linked 
to the nuclear liquid-gas phase transition are observed in our simulations. Both phenomenologies were 
previously proposed in the literature, but presented as incompatible and contradictory interpretations of the 
experimental measurements. These results indicate that heavy ion collisions at intermediate energies can be 
viewed as a powerful tool to study both bifurcations induced by out-of-equilibrium critical phenomena, as 
well as finite size precursors of thermal phase transitions. Indeed we have shown that the two bimodality 
mechanisms are associated in the transport model to different time scales of the reaction, and to different 
energy regimes. This means that both dynamical bifurcations and first order phase transition could be 
potentially measurable with heavy ion collisions.

References
[1] F. Gulminelli and Ph. Chomaz; Phys. Rev. C 71, 054607 (2005).
[2] S. Mallik, G. Chaudhuri and F. Gulminelli; Phys. Rev. C 97, 024606 (2018)
[3] G. F. Bertsch and S. Das Gupta; Phys. Rep. 160, 189 (1988)

First-order derivatives of order parameters as signatures of 
phase transition at intermediate energies

P. Das, S. Mallik and G. Chaudhuri 

The phenomenon of liquid-gas phase transition occurring in heavy ion collisions at intermediate energies 
is a subject of contemporary interest. Phase transition is usually characterized by the  behaviour of state 

variables like pressure, density, energy etc.  In heavy ion collisions there is no direct way of accessing these 
state variables and hence unambiguous detection of phase transition  becomes difficult. This work establishes 
that signatures of phase transition can be extracted from the observables which are easily accessible in 
experiments and these have similar behaviour as the state variables. The temperature dependence of the  
first order derivative of the order parameters related to the largest and second largest cluster size (produced 
in heavy ion collisions) exhibit similar behavior as that of the variation of specific heat at constant volume 
Cv which is  an established signature of first order phase transition. This motivates us to propose these 
derivatives as confirmatory signals of liquid-gas phase transition.  The measurement of these signals in 
easily feasible in  most experiments as compared to the other signatures like specific heat, caloric curve or 
bimodality. This temperature where the peak appears is designated to be the transition temperature and the 
effect of certain parameters on this has also been examined.

References
[1] P. Das, S. Mallik and G. Chaudhuri ,  Phys. Lett. B 783, 364 (2018)                                                                                               
[2] S. Mallik, G. Chaudhuri, P. Das and S. Das Gupta; Phys. Rev. C 95, 061601 (2017) (Rapid   

Communication and Editor’s Suggestion).
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 Phase transition signatures from Lattice-Gas Model
S. Mallik, G. Chaudhuri, and S. Das Gupta1

1Physics Department, McGill University, Montreal, Canada H3A2T8 

This work deals with identifying the order of phase transition from experimental data in intermediate 
energy heavy ion collisions. We focus here on the total multiplicity M resulting from central collisions 

of two heavy ions; M is a function of the beam energy.  The derivative of M with energy as a function of 
energy may go through a maximum.  In a previous paper  we claimed that the appearance of this maximum 
is a signature of first order phase transition in the collision using the canonical thermodynamical model.  
Absence of a maximum would imply there is no first order phase transition . In this work lattice-gas model 
has been used to confirm the same and the results obtained were pretty similar. In multi-fragmentation of 
a nuclear system, total multiplicity of the fragments, produced in fragmentation is a very basic observable 
and is measured in most experiments.   Experimental detection of the signature from multiplicity is more 
convenient than that from any other conventional thermodynamic variables like specific heat or entropy.   

References
[1] S. Mallik, G. Chaudhuri, P. Das and S. Das Gupta; Phys. Rev. C 95, 061601 (2017) (Rapid 

Communication and Editor’s Suggestion) .
[2] S. Das Gupta, S. Mallik and G. Chaudhuri,  Phys. Rev. C 97, 044605 (2018)                                                                                            

Formation and distribution of fragments in the spontaneous 
fission of 240Pu

Jhilam Sadhukhan,1, 2, 3 Chunli Zhang,3 Witold Nazarewicz,4 and Nicolas Schunck5 

1Physics Group, Variable Energy Cyclotron Centre, 1/AF Bidhan Nagar, Kolkata 700064, India
2Homi Bhabha National Institute, BARC Training School Complex, Anushakti Nagar, Mumbai 400094, India 

3NSCL/FRIB Laboratory, Michigan State University, East Lansing, Michigan 48824, USA
4Department of Physics and Astronomy and FRIB Laboratory,

Michigan State University, East Lansing, Michigan 48824, USA
5Nuclear and Chemical Science Division, Lawrence Livermore National Laboratory, Livermore, California 94551, USA

Fission is a fundamental decay mode of heavy atomic nuclei. The prevalent theoretical approach is based 
on mean-field theory and its extensions, where fission is modelled as a large amplitude motion of a 

nucleus in a multi-dimensional collective space. One of the important observables characterizing fission is 
the charge and mass distribution of fission fragments. The goal of the present work is to better understand 
the structure of fission fragment distributions by investigating the competition between the static structure 
of the collective manifold and stochastic dynamics. In particular, we study the characteristics of the tails of 
yield distributions, which correspond to very asymmetric fission into a very heavy and a very light fragment.
We use the stochastic Langevin framework to simulate the nuclear evolution after the system tunnels through 
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the multi-dimensional potential barrier. For a representative sample of different initial configurations along 
the outer turning-point line, we define effective fission paths by computing a large number of Langevin 
trajectories. We extract the relative contribution of each such path to the fragment distribution. We then use 
nucleon localization functions along effective fission pathways to analyse the characteristics of prefragments 
at pre-scission configurations.

We find that non-Newtonian Langevin trajectories, strongly impacted by the random force, produce the 
tails of the fission fragment distribution of 240Pu. The prefragments deduced from nucleon localizations 
are formed early and change little as the nucleus evolves towards scission. On the other hand, the system 
contains many nucleons that are not localized in the prefragments, even near the scission point. Such 
nucleons are rapidly distributed at scission to form the final fragments. Fission prefragments extracted 
from direct integration of the density and from the localization functions typically differ by more than 30 
nucleons, even near scission.

In conclusion, our study shows that only theoretical models of fission that account for some form of 
dissipative/stochastic dynamics can give an accurate description of the structure of fragment distributions. 
In particular, it should be nearly impossible to predict the tails of these distributions within the standard 
formulation of time-dependent density functional theory. At the same time, the large number of non-
localized nucleons during fission suggests that adiabatic approaches, where the interplay between intrinsic 
excitations and collective dynamics is neglected, are ill-suited to describe fission fragment properties, in 
particular their excitation energy.	
     
References:
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Dynamical model calculation to reconcile the nuclear fission 
lifetime from different measurement techniques

M.T. Senthil Kannan1, Jhilam Sadhukhan, B.K. Agrawal2,3, M. Balasubramaniam1, and Santanu Pal4

1Department of Physics, Bharathiar University, Coimbatore-641046, India  
2Homi Bhabha National Institute, Mumbai-400094, India 

3Saha Institute of Nuclear Physics, Kolkata-700064, India 
4CS-6/1, Golf Green, Kolkata-700095, India

The prescission particle multiplicities suggest a lifetime of ≈10−20 s for nuclear fission to occur which is in 
contrast to the fission lifetime ≈10−18 s as predicted by an atomic probe. This long-standing ambiguity, 

arising due to the orders of magnitude differences among the fission lifetimes measured from the nuclear 
and atomic probes, has been addressed within a dynamical model, which includes the contributions from 
the nuclear shell effects. We show that at lower excitation energies, these two probes decouple as the 
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fissioning system survives for a long time without any particle evaporation. We also consider a wide range 
of reactions to study the impact of the excitation energy of the compound nucleus on the fission dynamics 
in general. Prescission neutron multiplicity is found to be an inappropriate probe to study fission lifetime at 
low excitation energy. In addition, our model predicts the average fission lifetime of the superheavy nucleus 
302120 to be more than 10−18 s, which is in reasonable agreement with recent experiments.

References:
[1] M. T. Senthil Kannan, Jhilam Sadhukhan, B. K. Agrawal, M. Balasubramaniam, and Santanu Pal, 

Phys. Rev. C 98, 021601(R) (2018). 

Cluster radioactivity of 294
118Og176

Zachary Matheson1, Samuel Giuliani1, Witold Nazarewicz1, Jhilam Sadhukhan, and Nicolas Schunck2

1Department of Physics and Astronomy and FRIB Laboratory, Michigan State University, East Lansing, Michigan 48824, USA
2Nuclear and Chemical Science Division, Lawrence Livermore National Laboratory, Livermore, California 94551, USA 

According to theory, cluster radioactivity becomes an important decay mode in superheavy nuclei. In 
this work, we predict that the strongly asymmetric fission, or cluster emission, is in fact the dominant 

fission channel for 294118Og176, which is currently the heaviest synthetic isotope known. Our theoretical 
approach incorporates important features of fission dynamics, including quantum tunneling and stochastic 
dynamics up to scission. We show that, despite appreciable differences in static fission properties such as 
fission barriers and spontaneous fission lifetimes, the prediction of cluster radioactivity in 294118Og176 
is robust with respect to the details of calculations, including the choice of energy density functional, 
collective inertia, and the strength of the dissipation term. 

Elliptic and triangular flow of thermal photons at RHIC and 
LHC energies for different centrality bins

 Rupa Chatterjee, Pingal Dasgupta, Dinesh K. Srivastava 

We calculate the elliptic flow (v2) and triangular flow (v3) parameters of thermal photons using an event-
by-event hydrodynamic model with fluctuating initial conditions at 200A GeV Au+Au collisions 

at the Relativistic Heavy Ion Collider (RHIC) and at 2.76A TeV Pb+Pb collisions at the  Large Hadron 
Collider (LHC) for different centrality bins. The photon elliptic flow shows strong centrality dependence 
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where v2 as a function of transverse momentum pT increases towards peripheral collisions both at RHIC and 
at the LHC energies. However, the triangular flow parameter at both the energies does not show significant 
dependence on the collision centrality.  In addition, the elliptic and the triangular flow parameters found 
to underestimate the PHENIX experimental data at RHIC by a large margin for  all centrality bins. We 
calculate pT spectra and anisotropic flow of thermal photons from Cu+Cu collisions at RHIC at 200A GeV 
for a 0–20% centrality bin and compare with the results  obtained from Au+Au collisions. The production of 
thermal photons is found to decrease significantly for collisions of Cu nuclei compared to Au+Au collisions. 
However, the effect of initial state fluctuation is found to be more pronounced for anisotropic flow, resulting 
in larger v2 and v3 for Cu+Cu collisions than for Au+Au collisions. We also study the correlation between 
the anisotropic flow parameters and the corresponding initial spatial anisotropies from their event-by-event 
distributions at RHIC and at the LHC energies at different pT values. The linear correlation between v2 
and eccentricity ε2 is found be stronger compared to the correlation between v3 and ε3. In addition, the 
correlation coefficient is found to be larger at LHC than at RHIC energy.
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Production of charm quarks in a parton cascade model for 
relativistic heavy ion collisions at 200A GeV at RHIC

 Dinesh K. Srivastava, Steffen A. Bass1, Rupa Chatterjee

  1Duke University, Department of Physics, 139 Science Drive, Box 90305, 
Durham, North Carolina 27708, USA

We study the production and dynamics of charm quarks in a parton cascade model (VNI/BMS) for 
relativistic heavy ion collisions at RHIC. The parton cascade model is motivated by the QCD parton 

picture and describes the dynamics of an ultrarelativistic heavy ion collision in terms of cascading partons 
which undergo scattering and multiplication while propagating. We focus on the dynamics of charm quark 
production and evolution in p+p and Au + Au collisions for several different interaction scenarios, viz., 
collisions only between primary partons without radiation of gluons, multiple collisions without radiation 
of gluons, and multiple collisions with radiation of gluons, allowing us to isolate the contributions of 
parton rescattering and radiation to charm production. We also study results of an eikonal approximation 
of the collision which provides a valuable comparison with minijet calculations and clearly brings out the 
importance of multiple collisions.

References:
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Effects of initial-state nucleon shadowing on the elliptic flow of 
thermal photons

Pingal Dasgupta, Rupa Chatterjee, Sushant K. Singh, and Jan-e Alam

The collision of heavy ions at Relativistic Heavy Ion Collider (RHIC) and Large Hadron Collider 
(LHC) produces a deconfined state of quarks and gluons. There are evidences that the system formed 

thermalizes rapidly to form Quark-Gluon Plasma (QGP). The QGP expands and converts to hadrons during 
the evolution and finally the system freezes out with hadronic, leptonic and photonic observables being 
captured by the detector. The expansion of the QGP and hadronic system is generally explained through 
relativistic hydrodynamic equations. The initial conditions, i.e. the information of initial energy density and 
velocity profiles etc. for the hydrodynamic calculation, are very much important to extract the information 
of the transport properties of QGP like system formed initially. A first principle calculation must tell how 
and when the system thermalizes and thus sheds light on the initial state. However, no such calculations 
are known till date. The only way to proceed is by proposing models and by refining them as per the latest 
experiments. There are several initial state models in use. We recently proposed one such model which goes 
by the name Shadowed Glauber Model [1,2] and which is an improvement of the existing Glauber model 
[3] and explains many of the hadronic observables. Other observables like electromagnetic probes (photons 
and dileptons) can capture the initial state physics efficiently as their mean free path in the system is very 
large and come out of the system without interacting. Hence, it becomes important to study the effects of 
shadowing on the electromagnetic observables.    

So we study the shadowing effects on the transverse momentum (pT) spectra and elliptic flow of thermal 
photons for Au + Au collisions at the BNL Relativisitic Heavy Ion Collider and Pb + Pb collisions at the 
CERN Large Hadron Collider. We find that the thermal photon spectra remain almost unaltered; however, 
the elliptic flow of photons is found to be enhanced significantly due to shadowing effects. And we conclude 
that shadowing forms an important physics and may help to understand the direct photon v2 puzzle. This 
study has been submitted to a peer-reviewed journal.
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Photon production from Pb + Pb collisions at the Large Hadron 
Collider and at the proposed Future Circular Collider facility

Pingal Dasgupta, Somnath De1,  Rupa Chatterjee,  Dinesh K. Srivastava 

1Pingla Thana Mahavidyalaya under Vidyasagar University, West Bengal-721140, India

We calculate the production of prompt and thermal photons from Pb+Pb collisions at 5.02A TeV at 
the Large Hadron Collider (LHC) and at 39A TeV at the proposed Future Circular Collider (FCC) 

facility. The photon spectra and anisotropic flow at these energies are compared with the results obtained 
from 2.76A TeV Pb+Pb collisions at the LHC for three different centrality bins. The prompt photons 
originating from initial hard scatterings are found to increase by a factor of 1.5 to 2 at 5.02A TeV in the pT 
region 2 to 15 GeV and the enhancement is found to be about 5 to 15 times at FCC energies compared with 
2.76A TeV in the same pT region. The evolution of the quark-gluon plasma  formed in Pb+Pb collisions 
at LHC and FCC energies are studied by using a hydrodynamical model and the pT spectra and elliptic 
flow of thermal photons are calculated using state-of-the-art photon rates. The relative enhancement in the 
production of thermal photons is found to be more compared with prompt photons at FCC than at the LHC 
energies. Although the production of direct (prompt + thermal) photons is found to enhance significantly 
with increase in beam energy, the photon elliptic flow increases only marginally and does not show strong 
sensitivity to the collision energy.
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Development of a new viscous code for (3+1)-dimensional 
causal relativistic hydrodynamics

Sushant K. Singh and Jan-e Alam

The ultrarelativistic collision of heavy ions produces a thermalized state of quarks and gluons, popularly 
known as Quark-Gluon plasma (QGP). The space-time evolution of the thermalized system is described 

by the hydrodynamic equations. However, solving (3+1)-dimensional relativistic hydrodynamics is a non 
trivial job as the system is a set of highly non-linear coupled PDE and only countable number of exact 
solutions are known. The only way out available to us then is to put the system of equations on a computer. 
Hence efficient algorithms need to be designed which can capture “all” possible initial conditions. By “all” 
we mean that the initial smooth condition can develop discontinuities after some time due to the non-linear 
nature of the equations and then this discontinuous solution will act as initial condition for the later stage 
of evolution. If the algorithm is not able to capture such discontinuities then we won’t be able to actually 
predict the final stage of evolution. Non-linear nature of the relativistic hydrodynamic equations possesses a 
great challenge in designing efficient algorithms. However, these equations can be written as a quasi-linear 
system of hyperbolic equations in conservative form which makes the task easier compared to solving non-
hyperbolic differential equations. 
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We develop a new FORTRAN code to solve (3+1)-dimensional relativistic viscous hydrodynamic equations 
in the Israel-Stewart framework. Although there have been many such codes available with many groups 
across the world but there are hardly few which are publicly available. An in-house developed code, however, 
gives a control and flexibility to perform advancement and future additions to the physics like adding the 
magnetic field to solve Magneto-Hydrodynamic equations. The code has been primarily developed to study 
the space-time evolution of hot and dense matter formed during the relativistic nuclear collisions, but the 
code can also be used for astrophysical applications, the only input being needed is the initial condition and 
equation of state. The code has been tested against known results. We show one such test result in the Figure 
below, where a comparison is made between the output of the code and the analytical Gubser solution. 
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Thermalization in high-multiplicity pp events at LHC

Nachiketa Sarkar1 and Premomoy Ghosh

1VECC-HBNI, Kolkata

Recently observed experimental signature of collectivity in high-multiplicity events of pp collisions 
at √s = 7 TeV at the LHC [1] is disputed on the issue of thermalization in a small systems of short 

lifetime that may be formed in the pp events. We assess the degree of thermalization of the system formed 
in high-multiplicity pp events, introducing finite-size effect on Hadron Resonance Gas (HRG) Model [2], 
using the lower limit of momentum cutoff (p

cutoff
(MeV) = 197 π/R fm, where R is the characteristic system-

size) in the momentum-space. We calculate the degree of thermalization in terms of the dimensionless 
Knudsen number, Kn = λ/R as a function of the system size of the considered hadron gas at T = 160 MeV 
(Figure -3). The λ has been calculated for different prescriptions of pion-pion cross-sections, the most 
conservative one (option - III) being depicted in Figure - 4. A small value of Kn, tending to zero, implies 
high degree of thermalization approaching the perfect fluid limit, while a large Kn indicates a system far 
from thermodynamic equilibrium. In hydrodynamic approach, the centrality dependent elliptic flow suggest 
Kn ≈ 0.3 and 0.5 for the central and a semi-central AuAu events at √ sNN = 200 GeV, respectively [3].

Figure-3                                       Figure-4

Comparison of sizes of considered hadron gas and the pp events with average charged particle multiplicity 
reveals that for ⟨Nch⟩ ≈ 136 (corresponding to the average effective emission radius, R equals 3.1 fm [4]) 
the pp system may be represented by a system of hadron gas following the LQCD EoS and having the 
Knudsen number ~0.36, matching the Knudsen number values for heavy-ion collisions. The detail of the 
analysis and results of this study can be found in reference [5]. 
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Multiple parton Interactions and high-multiplicity pp events at the LHC
Somnath Kar1, Subikash Choudhury1, Sanjib Muhuri and Premomoy Ghosh

1VECC-HBNI, Kolkata

Hydrodynamic models provide explanations to the observed similarities in particle production in high-
multiplicity pp and AA data. Of the non-hydrodynamic models, the Multiple-Parton Interaction (MPI) 

model, implemented in PYTHIA, apparently described [1] the high-multiplicity pp events at the LHC in 
terms of the (Nch) dependence of (p

T
) of produced particles in the p

T
-range, p

T < 10 GeV/c. We argue that 
for hydro-like signals, one should contrast the data up to intermediate-p

T (< 2.0 GeV/c) particles, believed 
to carry information of the collective medium. The Figure – 1 shows, in contrast to the observation in Ref. 
[1], (Nch) dependence of (p

T
) of identified charged particles in the intermediate p

T
-range in PYTHIA-

simulated events in MPI model remain far from the data [2]. We also look for the “ridge”-like structure 
in PYTHIA-simulated events. Two-dimensional angular correlation functions, constructed in (Δη, Δφ) in 
the same p

T range for the simulated events of different multiplicity classes have been compared with data 
in Fig.-2. The correlation structure observed in the high-multiplicity pp data [3] cannot be reproduced by 
simulated events. 

Figure – 1     Figure - 2

This study reveals that the MPI model cannot account for the flow-like effects in high-multiplicity pp events 
in the intermediate-pT (pT < 2 GeV/c) range, where the hydrodynamic models appear to be convincing. The 
detail of the analysis and results of this study can be found in reference [4]. 
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The major objective of the Compressed Baryonic Matter (CBM)  experiment at FAIR is to explore 
the QCD phase diagram in the region of high net-baryon densities and moderate temperatures [1]. 

This experiment is designed to run at unprecedented high interaction rates which would enable precision 
measurements of rare diagnostic probes which are sensitive to the dense phase of the nuclear fireball. The 
FAIR Modularized Start Version (MSV) comprises the SIS100 ring which provides energies for gold (Au) 
beams up to 11 AGeV and for protons up to 30 GeV. The research program of CBM at SIS100 includes 
the systematic measurements of charmonium states (J/Ψ, Ψ’) in p+A collisions with varying target mass 
number, with incident proton beam energies up to 30 GeV. Such measurements are expected to shed light 
on the charm interaction and propagation in dense baryonic matter and constitute an important baseline for 
measurements in heavy-ion collisions. Charmonium suppression in nuclear collisions is one of the classical 
signatures to indicate the color de-confinement and resulting formation of quark-gluon plasma (QGP) [2] 
in the laboratory. 

In our present work,  we have calculated Ψ(2S) production in p+A collisions at SPS and FAIR energy domain.  
For this purpose we have employed our previously developed modified QVZ (m-QVZ) model [3-6], which 
was used earlier to estimate J/Ψ production in p+A and A+A collisions at SPS and FAIR. We have started 
with a comprehensive analysis of the  available SPS data on Ψ(2S) production in p+A collisions, at incident 
proton beam energies 400 and 450 GeV, as measured by the NA50 Collaboration. For both Ψ(2s) and 
Drell-Yan production, initial state modification of the parton distributions inside the target nuclei are taken 
into account. The final state dissociation of the Ψ(2S) mesons inside the cold nuclear medium is accounted 
through the multiple scattering of the pre-resonant cc-bar pairs with the spectator nucleons. A satisfactory 
description of the data in p+A collisions is obtained.  Model calculations are extrapolated to the FAIR 
energy regime, for seven different target nuclei. Non-availability of suitable data at low energy collisions, 
makes the analysis rather complex by adding large uncertainties in determination of the model parameters. 
A much larger suppression Ψ(2S) resonances is foreseen at SIS100 p+A collisions. The preliminary high 
intensity runs at FAIR should be able to remove large uncertainties in the parameters and thus can lead to a 
much precise estimate. Details of our calculations and results can be found in reference [7].
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High energy heavy-ion collisions aim to create and study different phases of quantum chromodynamics 
(QCD) at extremely high temperature and density [1]. Observation of transverse flow, mass ordering 

and anisotropic flow in experimental data at the Relativistic Heavy Ion Collider (RHIC) and the Large 
Hadron Collider (LHC) indicates the presence of hydrodynamic phase in the evolution. Agreement of the 
experimental data with hydrodynamics inspired models suggest that the system is locally thermalized and 
possess a collective flow velocity due to the buildup of extremely high pressure which drives the system 
to expand at relativistic speed. Moreover, the application of relativistic viscous hydrodynamics to heavy-
ion collisions has evoked widespread interest ever since the shear viscosity to entropy density ratio, h/s 
estimated from the analysis of anisotropic flow data was found to be close to the conjectured lower bound of 
1/4π [2]. This led to the claim that the quark-gluon plasma (QGP) formed in relativistic heavy-ion collisions 
was the most perfect fluid ever observed.

However, some theoretical ideas are able to mimic certain types of hydrodynamic signals. For instance, it 
was proposed that surface bias effects originating from the anisotropic escape mechanism of the partons may 
have a large contribution to anisotropic flow even if the system interactions are small [3]. This challenges 
the current understanding of the anisotropic flow generated from hydrodynamic pressure gradients. Since 
escape is inevitable for a transient colliding system, it is imperative to examine the possible role of the 
escape mechanism on anisotropic flow within the framework of relativistic hydrodynamics.

In this paper, we study the effect of shape anisotropy on elliptic flow in relativistic heavy-ion collisions. 
We use Glauber model to generate initial conditions and ignore hydrodynamic expansion in the transverse 
direction to separate out non-flow contribution due to surface bias effects. We employ Beer-Lambert law 
to allow for the transmittance of produced hadrons in the medium and estimate the anisotropy generated 
due to the suppression of particles traversing through the medium. We calculate the transverse momentum 
dependence of elliptic flow, generated from anisotropic escape mechanism due to surface bias effects, for 
various centralities in 200 GeV Au+Au collisions at RHIC and 2.76 TeV Pb+Pb collisions at LHC. The 
surface bias effects are found to have a sizable contribution to the total elliptic flow observed in these 
heavy-ion collisions. This indicates that that the viscosity of the QCD matter, extracted from hydrodynamic 
simulations, may be underestimated. For quantitative details the reader may refer to reference [4].
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In view of the recent observations of collective properties of particle production in high-multiplicity pp 
events at the Large Hadron Collider, we study Hadron Resonance Gas (HRG) [1], included with the 

excluded volume (EV) effect [2] and the Hagedorn states (HS) [3], for finite system-sizes [4] which may be 
considered equivalent to the system of thermalized final-state hadrons, produced in high-multiplicity events 
of the small collision systems. We consider the sizes of the finite HRG system which comply with the LQCD 
[5] calculations in terms of trace anomaly. We aim to study the temperature dependence of the finite-size 
effect on transport coefficient of hadron resonance gas. The figure -1 represents the trace anomaly, (ε−3P)/T 
4 as a function T for different systems, i) ideal HRG, ii) ideal HRG + EV effect, iii) Ideal HRG + HS + EV 
effect for different system size, with Boltzmann approximations, is compared with LQCD data [5].

This first ever study of system-size dependence of the transport coefficient of hadron gas, considered to be 
representing final state hadrons produced from thermalized medium of different sizes formed in different 
systems of relativistic collisions (corresponding to μ

B 
= 0), we find (as presented in Figure – 2) that at T = 

160 MeV, the temperature close to the QCD crossover [5], the ratio, η/s for different sizes of thermalized 
hadron gas reaches a similar value (0.75 for R = 2.5 fm to 0.83 for R = ∞). We infer that the property of 
the medium of hadrons at the QCD crossover can be considered to be independent of the finite system-size 
to the extent which include the system-size of thermalized final-state hadrons from high-multiplicity pp 
events. The detail of the analysis approach and results of this study can be found in reference [6].

Figure-2Figure-1
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The basic version of the Hadron Resonance Gas (HRG) model [1], formulated with the experimentally 
measured discrete mass spectrum of hadrons and resonance states provided in mass tables by particle 

data groups (PDGs), successfully reproduces several thermodynamic observations from first principle 
LQCD calculations of strongly interacting hadronic matter at vanishing baryon chemical potential, μB. 
While the inclusion of all known resonances effectively takes care of the attractive interactions between 
the hadrons, one needs to take into consideration the repulsive interaction between the constituent hadrons. 
This is usually done in the so-called excluded volume (EV) model [2] of HRG (EVHRG) by introducing 
the effects of Van derWaals-type hadron repulsion at short distances, implemented through finite hard-core 
radius of constituent hadrons of the system. In this work, the VDWHRG model the VDW interactions have 
been considered between (anti)baryons, only, over and above the EVHRG model while the interactions 
were neglected between pairs of baryon-antibaryon, meson-meson, and meson-(anti)baryon.

The van der Waals form of EoS, by way of its construction, reveals the first-order phase transition. 
Discontinuities or non-monotonic structure in temperature-dependent s/T 3, and η/s for varied μB reveal the 
predicted signature of first-order phase transition at certain finite μB, that is determined by the values of the 
van der Waals interaction constants. We obtain the values of the interaction constants between the (anti)
baryons, by contrasting, simultaneously, the lattice calculated [3] pressure and energy-density for finite, 
nonzero μB.

                 

Figure-1               Figure-2
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The study of temperature dependence of s/T3 and η/s for hadron gas with van der Waals form of EoS, 
satisfying lattice EoS for the strongly interacting QCD matter at finite, high-μB, helps constraining the 
region of onset of the first-order phase transition and crossover in the hadronic phase of the QCD matter, 
eventually indicating the probable location of the critical point. The study, along with the complementing 
results from other recent studies, indicates that the QCD critical point may probably be found in the baryon-
rich matter, corresponding to μB ≈ 700 MeV, likely to be formed in future experiments of heavy-ion collisions 
at RHIC BES-II, CBM, NICA, or J-PARC-HI. The detail of the analysis approach and results of this study 
can be found in reference [4].
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The experiments at the Relativistic Heavy Ion Collider (RHIC), through satisfactory description of 
the flow-like behaviour of particle production in relativistic heavy-ion (HI) collisions by relativistic 

hydrodynamics, established formation of collective medium in such collisions. The experiments at the Large 
Hadron Collider (LHC), reported similar flow-like features, in high-multiplicity events of pp collisions, in 
contrast to the present understanding of particle production in relativistic pp collisions, based on the data at 
the pre-LHC energy range. Several theoretical and phenomenological studies also indicate the possibility of 
a hydro-like collective medium in high-multiplicity pp events. These anomalous features, however, could 
not be connected yet with the QGP-like thermalized medium, as formed in HI collisions, because of non-
observance of any compelling signal on formation of the medium. The source of the “collective” features 
in the small systems thus remains ambiguous. At this stage, we aim to make a quantitative comparison of 
the data with the events generated by the EPOS3 Monte Carlo simulation code that includes hydro-like 
collective behavior in high-multiplicity pp events. We analyse the EPOS3 generated events in terms of the 
experimental observables which exhibit the flow-like effects in high-multiplicity pp events, namely i) the 
two-particle azimuthal correlations among charged particles, ii) the blast-wave description of identified 
charged particles iii) the mean transverse momentum (‹pT›) as a function of mean charged multiplicity 
(‹Nch›) and iv) the inverse slope parameter of transverse mass (mT)-distribution. All these observables are 
related to the transverse momentum of produced particles, collectively presented as the inclusive charged 
particle transverse momentum spectra. 



Experimental High Energy Physics

53

           Figure-1                                 Figure-2

This data-driven study reveals that though the EPOS3 hydrodynamic cannot match the high-multiplicity pp 
data quantitatively. Here. In this report, only representative plots are given in figures 1 and 2, which clearly 
show the mismatch between the data and the model calculations. The detail of the analysis approach and 
results of this study can be found in reference [1].
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Long-range angular correlations of intermediate-pT D-mesons and 
charged particles in EPOS3 generated pPb events at LHC energy
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The high-multiplicity events of pPb collisions at √sNN = 5.02 TeV at the LHC exhibit unforeseen 
collective behaviour. One of the possible explanations to the collectivity could be the formation o f 

thermalized partonic matter, like the one formed in relativistic nucleus-nucleus collisions and is described 
by the hydrodynamic models. This article presents a study on the centrality dependent long-range two-
particle azimuthal correlations of D-mesons and charged particles in pPb collisions at √sNN = 5.02 TeV. 
The study has been conducted on the events, generated with the EPOS3 hydrodynamic code that reproduces 
most of the features of the pPb data at the LHC energy. 
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                                Figure-1                             Figure-2

The study reveals two-particle angular correlations of D-mesons in the intermediate pT-range, (3  <ptrigger< 
5 GeV/c) and the charged particles in low- pT range, (1 <pT < 3 GeV/c), of the EPOS3 generated events, as 
it is clear from the plot in Figure 1, in terms of correlated pair yields per trigger. Further analysis (depicted 
in Figure 2) suggests that major contribution to the observed ridge-like structure indeed comes from the 
D-mesons produced in the bulk-matter or the “plasma”. The statistics of high-multiplicity events pPb 
collisions at LHC is not sufficient yet to study the properties of the small collective medium, in terms 
of heavy-flavour particles, considered to be very effective in characterization of the parton-medium 
interactions. At this stage, this simulation-based study with reasonably well established acceptable event 
generator for pPb collisions is indicative. The detail this study can be found in reference [1].
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One of the major objectives of the relativistic heavy-ion collision research program is to explore the 
phase structure of the strongly interacting matter. Relativistic nuclear collisions at moderate energies 

such as those available at RHIC Beam Energy Scan (BES) program, at the upcoming FAIR accelerator 
facility at GSI Germany [1] and NICA facility at JINR Dubna [2], are expected to create hot and dense 
nuclear matter in the regime of moderate temperature and large net baryon density. For optimum utilisation 
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of these facilities to explore the QCD phase structure, it is imperative to analyse the existing data sets in 
the similar energy range collected by the fixed target experiments at AGS and SPS accelerator facilities. 
Due to technological limitations related to beam intensities, the experiments are mostly limited to the 
measurement of soft probes that constitute bulk of the excited matter produced in these collisions. Soft 
hadronic observables measure directly the final ``freeze-out’’ stage of the collision, when hadrons decouple 
from the bulk and free-stream to the detectors. They exhibit a strong collective behaviour that can be 
analysed within the ambit of relativistic hydrodynamics.

Apart from hydrodynamics, the observables pertaining to collective behaviour of the nuclear fireball can 
also be studied using the hydrodynamics inspired phenomenological model called the blast wave model 
[3]. The main underlying assumption is that the particles in the system produced in the collisions are 
locally thermalised and the system expands collectively with a common radial velocity undergoing an 
instantaneous common freeze-out. In the present article, we use a non boost-invariant blast wave model [4] 
to analyse the transverse and longitudinal spectra of the bulk hadrons from Au+Au and Pb+Pb collisions in 
the energy range Eb =2-158 A GeV, as available from different experimental Collaborations at AGS, SPS 
and RHIC facilities. The results indicate a relatively low kinetic freeze out temperature (Tkin) in the range 
of 55-90 MeV with a substantial average transverse flow of about <bT>=0.55c-0.6c. We also found that 
Tkin increases gradually with the incident beam energy. For the upcoming experiments at FAIR and NICA 
accelerator facilities, these results would be useful to better understand the gross features of freeze out 
dynamics. A detailed description of the present work is available at reference [5].
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In relativistic heavy ion collisions, J/Ψ suppression is considered as a diagnostic tool for the formation of 
quark-gluon plasma [1, 2]. A considerable amount of J/Ψ suppression was also observed in proton-nucleus 

(p+A) collisions, commonly attributed to the interplay of various cold nuclear matter (CNM) effects of the 
target nucleus [2]. A precise understanding of this so called ``normal’’ suppression is crucial to establish 
a robust baseline, with respect to which one can isolate the ``anomalous’’ suppression pattern, specific to 
the deconfined QCD medium in heavy-ion collisions. Up till now there is no significant measurement of 
the cold nuclear matter effects on charmonium production in p+A collisions below a beam energy of 158 
GeV. The situation changes with the appearance of the Compressed Baryonic Matter (CBM) experiment 
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at Facility for Anti-proton and Ion Research (FAIR) [3]. The CBM detector set up at SIS100 is suited 
to measure charmonia and open charm hadrons in p+A collisions, at proton beam energies from 15-30 
GeV, thanks to its unprecedented rate capability. Apart from complementing the J/Ψ  measurements in 
heavy-ion data to be collected at SIS 300, with a suitable reference, the measurements themselves will be 
highly interesting to investigate the potential issue of J/Ψ interaction in nuclear medium. Production of 
charmonium mesons in nuclear collisions, requires a certain formation time. In p+A collisions, depending 
on the velocity of the produced cc-bar pairs, the corresponding formation length in the target rest frame, 
would be such that the resonances are produced either inside or outside the nuclear medium. If the velocity 
of the cc-bar pairs is ``high’’ enough, the spectator nucleons inside the target would experience the passage 
of the colored pre-resonant pairs, whereas for ``slow’’ pairs, physical resonances would propagate through 
the nuclear medium [4].

We have made detailed investigations of the kinematic domain attainable by J/Ψ production in 15 and 30 
GeV p+Au collisions, relevant for the upcoming operation of SIS 100 accelerator at FAIR. Our calculations 
show that due to smaller resonance formation lengths in the laboratory frame real size J/Ψ mesons propagate 
through the nuclear matter in the p+A collisions at FAIR. Differential distribution of J/Ψ  production cross 
sections are obtained employing different theoretical mechanisms of resonance dissociation in nuclear 
medium. The resultant suppression patterns are are found to be distinctly different. This suggests that the 
SIS100 energies are particularly suited to shed light on the long standing issue of inelastic J/Ψ nucleon 
interaction. The details of our calculations can be found in reference [5]. 
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The experiments at the Relativistic Heavy Ion Collider (RHIC), through satisfactory description of 
the flow-like behaviour of particle production in relativistic heavy-ion (HI) collisions by relativistic 

hydrodynamics, established formation of collective medium in such collisions. The experiments at the Large 
Hadron Collider (LHC), reported similar flow-like features, in high-multiplicity events of pp collisions, in 
contrast to the present understanding of particle production in relativistic pp collisions, based on the data at 
the pre-LHC energy range. Several theoretical and phenomenological studies also indicate the possibility of 
a hydro-like collective medium in high-multiplicity pp events. These anomalous features, however, could 
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not be connected yet with the QGP-like thermalized medium, as formed in HI collisions, because of non-
observance of any compelling signal on formation of the medium. The source of the “collective” features 
in the small systems thus remains ambiguous. At this stage, we aim to make a quantitative comparison of 
the data with the events generated by the EPOS3 Monte Carlo simulation code that includes hydro-like 
collective behavior in high-multiplicity pp events. We analyse the EPOS3 generated events in terms of the 
experimental observables which exhibit the flow-like effects in high-multiplicity pp events, namely i) the 
two-particle azimuthal correlations among charged particles, ii) the blast-wave description of identified 
charged particles iii) the mean transverse momentum (‹pT›) as a function of mean charged multiplicity 
(‹Nch›) and iv) the inverse slope parameter of transverse mass (mT)-distribution. All these observables are 
related to the transverse momentum of produced particles, collectively presented as the inclusive charged 
particle transverse momentum spectra. 

Figure-1                                    Figure-2

This data-driven study reveals that though the EPOS3 hydrodynamic cannot match the high-multiplicity pp 
data quantitatively. Here. In this report, only representative plots are given in figures 1 and 2, which clearly 
show the mismatch between the data and the model calculations. The detail of the analysis approach and 
results of this study can be found in reference [1].
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Development of analytical methodology for the determination 
of boron by heavy ion activation analysis
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Boron (B) concentration in nuclear grade materials, is one of the most important parameters that 
decide its acceptability for nuclear applications. Reliable analytical methods [1-2] are essential for 

the determination of B in materials used in nuclear reactor. The light particle ion beam (e.g. proton) was 
previously applied to determine B using charged particle activation analysis (CPAA). It has been found 
that nuclear reactions of B with heavy ion beam like 20Ne can give rise to isotopic product in the position 
of sodium in isotopic table (e.g., 22Na, 24Na). As these are good activation product for CPAA technique, an 
attempt has been made to explore the determination of B using 200 MeV 20Ne7+ ion beam.

The K-130 cyclotron at VECC, Kolkata, currently provides the necessary heavy ion beams 16O6+, 20Ne7+ 
in the range of 120-200 MeV. The 20Ne with more mass number has been selected for determination of 
B by CPAA. In order to develop the analytical methodology for CPAA it is necessary, as a first step, to 
study (i) the isotopic product formed from the various nuclear reactions between B target and 20Ne heavy 
ion beam to select the suitable radioactive isotope for activation analysis, (ii) the excitation functions of 
nuclear reactions from B and 20Ne to select the required bombarding energy of the heavy ion beam to 
be used for activation analysis. The theoretical excitation functions for the nuclear reactions of 11B with 
20Ne7+ ion beam using PACE4 shows that σmax 45 mb @110 MeV and σmax 35 mb @150 MeV, for 22Na 
and 24Na isotopes, respectively. The boron standards were prepared from the mixture of tantalum boride 
99.5% (Sigma-Aldrich) and spec pure graphite powder 
(pellet 10 mm dia., thickness 1.5 mm). The range of 
200 MeV of 20Ne7+ beam in the sample was found to 
be 130.82 μm, using SRIM-2008 calculation (Ranges 
of 20Ne7+ in TaB & graphite are 78.92 & 141.58 µm). 
The irradiations of sample were carried out with 
20Ne7+ ion beam using ~ 20 nA beam current for 6.5 
h. The radioactivity measurements were carried out 
using HPGe detector (rel. eff. 40%). The isotopes 
22Na and 24Na were identified and were in accordance 
with the PACE4 predictions. Few more samples of 
synthetic standards of concentration from percent to 
ppm of B were also irradiated with 150 MeV 20Ne7+ 

ion beam having 20nA current for 12 hours. The work 
is in progress to determine the experimental excitation 
functions of the nuclear reactions, 11B(20Ne, 2αn)22Na (t1/2 2.60 y) and 11B(20Ne, 23Hen)24Na (t1/2 14.997 
h). Further lowering the B concentration and or increase of beam current and time of irradiation will help 
in optimizing the detection limit. The more challenging task is to identify the isotopic interference from 
nearby elements that may lead to the same radio isotopes, i.e., 22Na and 24Na.

Reference:
[1] S. A. Kumar et al., BARC Report No. BARC/2016/E/005 (2016) 1-44.
[2] R. Acharya et al., J. Anal. At. Spectrom., 33(2018) 784-791.

Fig. 1: Gamma ray spectrum of 150 MeV 20Ne7+ ion beam 
irradiated standard boron sample
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The study of excitation functions of heavy ion induced nuclear 
reactions between 20Ne and natural Cu for analytical application 

S. Dasgupta1, J. Datta1
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Excitation functions of nuclear reactions between natural Copper and light ion beams are well studied 
[1]. However, reported studies on excitation functions of nuclear reactions using heavy ion beam 

specially 20Ne are very few in the literature. The present study of cross-section determination for various 
reaction products of Cu with 20Ne beam is first of its kind as per our knowledge. Cu and its alloys due to 
their excellent thermal and electrical conductivity, are extensively used in the nuclear industry. As a result, 
understanding the probable activation products generated and their wear and tear while in operation is of 
prime value. Generation of such data will not only supplement nuclear database, but also provide basic 
nuclear activation data for the development of heavy ion activation analysis and thin layer activation [2]. 
This work aims to study the various radioisotopes produced from 20Ne ion induced reactions on natural Cu 
and the corresponding excitation functions of nuclear reactions leading to them.

We have irradiated thin Cu-foils (M/s ADVENT) (7 µm) in two stacked foil arrangements for 12-16 h 
with a beam current of 40-50 nA (measured using a Faraday cup) with 192 and 160 MeV 20Ne+7 beams 
respectively. Each stack contained 5 no. of Cu-foils with Al-foil (2.4 µm) as catcher cum energy degrader 
interspersed. The energies of Ne beam at various points in the stacked foil have been computed using SRIM 
(SRIM-2008). The gamma spectrometry has been done using HPGe detector (Relative Efficiency: 40%; 
Resolution: 1.9 keV at 1332.5 keV of 60Co). The radio-isotopic products, e.g., 65Zn, 77gBr, 69Ge etc. have 
been identified (Fig. 1). PACE-4 code has been used for the prediction of the theoretical cross sections for 
65Zn, 77gBr in this work (Fig. 2).

The experimental cross sections have been computed from the yields of all the radioisotopes observed in 
the gamma spectrum. The comparison between the theoretical and experimental cross sections of the radio-
isotopes is being carried out.

References: 
[1] Hokkaido University Nuclear Reaction Data Centre (JCPRG). http://www.jcprg.org/exfor/.
[2] D.P. Chowdhury et al, NIM-B 211 (2003) 288–296.

 

Fig. 1: Gamma spectrum of irradiated Cu foil with 192 MeV 
20Ne7+ ion beam Inset- Peaks of 77gBr, 65Zn and 69Ge

Fig. 2: Theoretical excitation function for reactions natCu(20Ne, 
x)65Zn and natCu(20Ne, x)77gBr 
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111In from alpha irradiated silver target
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1Regional centre, Board of Radiation and Isotope Technology, VECC, Kolkata-700064, India 
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The radionuclide 111In (T1/2 = 2.80 d, Eγ = 171.3 keV, Iγ = 90.3% and 245.4 keV, Iγ = 94%, EC 100%) is 
widely employed in nuclear medicine for tumor imaging, labelling of peptides and proteins for imaging 

purposes. The production yield of 111In by proton irradiation of Cd is much higher than for alpha irradiation 
of Ag. However, the presence of prohibitive amounts of 114mIn along with 111In via Cd route results in high 
radiation dose to patients. The production and separation of no-carrier-added 111In from silver matrix in 
VECC cyclotron by alpha irradiation is reported. This has been achieved by two different techniques; i) 
column chromatography with a sephadex matrix employed for the first time and ii) by simple precipitation 
method.  natAg foil target (200µm, 250mg) was externally irradiated with 32MeV, average 400nA alpha 
beam for 48h. After sufficient cooling, the irradiated Ag target was dissolved in conc. HNO3 and divided 
in two fractions for two different separation techniques. The schematic diagrams for the above mentioned 
two methods are given below (Fig 1). The thick target yield of 111In estimated from the irradiated target was 
found to be about 7.5 MBq/µAh at EOB. The recovery yield of 111In was 90% by sephadex method and 83% 
by precipitation method. In both the methods, the radiochemical purity of 111In was >99% (as determined by 
TLC) and the radionuclidic purity of In-111 was >99.99%. The co-produced radionuclidic impurities 109,110In 
were short lived, and were present below detectable limit in the purified 111In fraction.  Radiolabelling of 
111In (obtained by both the methods) with DTPA, 8-hydroxy quinolone and DTPA-octreotide were carried 
out and radiochemical purities of labeled compounds were found to be more than 98% as determined by 
TLC. The specific advantage of the sephadex column method is that it can produce 111In in high radioactive 
concentration in a very short time (25 min. compared to 60 min for precipitation method)  avoiding any 
rigorous evaporation step with conc. acid. 
      

Fig.1: Radiochemical separation of 111In from natAg target by Sephadex (A) and precipitation (B) method.

To the best of our knowledge the separation of 111In from irradiated Ag target using sephadex, is a novel 
method being reported for the first time.

Method A Method B
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Hemispherical Ag metal fixed on Cu base by brazing method (Fig. 10) has been used as a target. The 
target was irradiated internally with a 32 MeV, 40µA alpha particle beam for 24 h in a specially 

designed water cooled target assembly. The irradiated Ag target (Fig. 11) was cooled sufficiently to decay 
the short lived indium isotopes before doing chemistry. The intensity of the beam failing on the target 
during the irradiation was recorded with a current integrator and digitizer.

                     
 
 
       

Radiochemical separation of 111In from irradiated Ag has been carried out by indigenously developed 
sephadex based column chromatography method as reported in 2017-18 annual report. The thick target yield 
of 111In estimated from the irradiated target was found to be about 7.5 MBq/µAh at EOB. The recovery yield 
of 111In was 90% with radiochemical purity of 111In was >99% (as determined by TLC) and the radionuclidic 
purity of In-111 was >99.99%. Radiolabelling of 111In with DTPA, 8-hydroxy quinolone (oxine) and DTPA-
octreotide were carried out and radiochemical purities of labeled compounds were also estimated.

111In-DTPA-octreotide

200µCi 111InCl3 was mixed with 3.5µg/ml FeCl3 solution  and then added to a solution containing 4.9mg 
trisodium citrate, 2mg gentisic acid, 10 mg inositol, 0.4mg citric acid and 20µg pentreotide(1mg/ml) & pH 
of resulting solution was 3-4 and incubated for 30 mins at room temperature with occasional stirring. Q. C.  
TLC – 0.1 N Na-citrate at pH-5; 111In-DTPA-octreotide- P. S. (100%)   & S. F.=0%. About 75mCi [111In]
InCl3 solution in dilute acid solution has been sent to RMC,BARC, BRIT for finding out the efficacy of  
radiolabelled 111In-Pentetretide towards clinical use by performing various physicochemical and biological 
quality control studies. Also various in-vitro and in-vivo studies were performed to prove its pharmacological 
behavior. Preclinical studies through biodistribution, cell binding assay and scintigraphic imaging ascertains 
the potential of the in-house developed 111In-pentreotide as a diagnostic radiopharmaceutical.

Fig. 10. Silver Target before irradiation Fig. 11. Silver Target after  irradiation
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The promising PET radionuclide 43Sc with nuclear property (β+= 88.1%, T½=3.9 h) encompasses similar 
to those of other commonly used PET radionuclides including 68Ga (β+ 88.9%, T1/2 = 68 min), 64Cu (β+ 

= 17.6%, T1/2 =13 h), 89Zr (β+ 22.7%, T1/2 = 3.3 d), or 124I (β+ 22.7%, T1/2 = 4.2 d). The aim of this study is 
to investigate the suitability of sephadex as a new, novel column matrix for recovery of no-carrier-added 
43Sc from alpha irradiated natCaCO3 target. Pellets targets were prepared from natCaCO3 powder (~150 mg, 
0.5mm thick, dia 10mm) by pressing in dice plunger at 10 ton pressure, was placed on an aluminum target 
holder and was irradiated with 26 MeV  external α- beam of about 0.8 µA current using VECC cyclotron 
for 4 h. The irradiated target was dissolved in iron-free dilute HCl. Radiochemical separation of 43Sc 
from irradiated CaCO3 target was carried out by sephadex based column chromatography method. The 
dissolved target solution was made ammoniacal with NH4OH and loaded on a small sephadex column 
(1ml) where 43Sc was selectively retained by sephadex, leaving behind bulk Ca as a waste during loading 
and washing steps. 43Sc was then eluted with dilute HCl and loaded on a tiny dowex-50 column (20mg) for 
further purification. Finally, 43Sc was eluted from the dowex column in 0.25M ammonium acetate solution 
which was directly used for radiolabelling with DOTA-TATE and PSMA-617 ligands. The schematic 
representation of separation process is shown in Fig 1. The co-produced radionuclidic impurities in 43Sc 
were determined by HPGe detector. The separation of 43Sc from natCaCO3 target matrix has been carried out 
using a small sephadex column. 43Sc was recovered in 25 min with recovery yield 83% (n=6). The respective 
radiochemical and radionuclidic purities of 43Sc were >95% (as determined by TLC) and >99.9%. The 43Sc 
was successfully labeled with DOTA-TATE and PSMA-617 with a yield of 80% in each case (n=4). 

Fig 1. Rradiochemical separation of 43Sc from natCaCO3 target
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The different subsystems which are associated with the F-18 target assembly are shown below (Fig 1). 
Each module will have specific functions associated with it. All the operations are controlled by the 

master control PLC from the control room.

   

[F-18 ]FDG Production Steps :

Step 1: Loaded 2.4 ml of [18O]H2O into the target system using a syringe before putting ON the beam.Step 
2: Beam current and energy of the cyclotron was set to 5 µA, 18 MeV, proton beam and the irradiation was 
started. Step 3: The sample was irradiated for about 30 min continuously and about 50 mCi18F activity was 
produced.Step 4: Transfered the produced 18F activity in a closed vial (10 ml volume) kept inside the LP30 
transportation flask (AERB approved container which is being routinely used for transporting 18F-FDG 
activity upto 250mCi at RMC, BARC/ BRIT) by remotely operating the solenoid valve through PLC placed 
at control room. The LP30 was placed inside TPPL-1 bucket.Step 5: The activity collected was transported 
from MCP site, Chakgaria to RC, Kolkata, BRIT Lab, VECC, Salt Lake for further chemistry synthesis. Step 
6: 18F-FDG synthesis was carried out inside the Fumehood using remotely operated computer controlled 
automated module developed by BRIT, Kolkata & VECC.

Quality control of 18F & 18FFDG

The Radiochemical purity of the 18F-FDG has been found to be 99.9% by using TLC method. The Rf  was 
found to be 0.45 as per standard reported value. The radionuclidic purity and half life of 18F have been 
determined by using HPGe detector and were found to be 99.99% and 108.3 min, respectively.

Fig. 1. F-18 target and associated systems Fig.2. [18F]FDG  synthesis Process Chemistry
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# IAEA Coordination Research Project (CRP) Work 

A compact and portable 99Mo-99mTc generator based on solvent-extraction, mimic to the conventional 
99Mo-99mTc alumina column generator is much-needed commodity for use in hospital radiopharmacy 

setup. The present study includes the development of a portable, simple and low cost 99Mo/99mTc-
generator based on MEK solvent extraction technique to obtain a very high concentration of no-carrier 
added (nca) 99mTc solution, where low specific activity 99Mo source is obtained through 98Mo(n, γ)99Mo 
reaction in a research reactor. The unit isintended for operation under the conditions of medical radiological 
laboratories. Technical trials showed that the mean time of preparation of sodium [99mTc] pertechnetate 
radiopharmaceutical did not exceed 15 min. The quality and yield of 99mTc-pertechnetate is upto the mark 
for formulation of radiopharmaceuticals. We have designed, developed and fabricated a portable prototype 
99Mo-99mTc generator (Fig.1.) based on solvent extraction technique utilizing (n, γ) 99Mo in sodium chloride 
solution for usage in hospital radiopharmacy. The size and shape of the newly developed 99Mo-99mTc of 
500 mCi batch size mimics to the commercially available alumina column based 99Mo-99mTc generator. The 
average yield of separation of 99mTc was about 90% (n=10) and 99Mo breakthrough in 99mTc-pertechnetate 
was estimated to be< 0.0002% (n=10). The pertechnetate in saline obtained in high radioactive concentration 
(80 mCi/mL) was clear having pH 6–7. The final Na99mTcO4 has the Mo and Al content of< 10 ppm and 
MEK content of < 0.1% v/v, with RC Purity> 99% and RN Purity > 99.9%. The RC Purity of 99mTc -MDP, 
99mTc –DTPA and 99mTc-MIBI was > 95% (n=6).

      

Fig. 1. 99Mo-99mTc Generator 
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Application of He-gas jet facility to explore the mass distribution 
of  Short and Longer Lived Fission Products in (α+Th) System 
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1Radiochemistry Division (BARC), VECC, 1/AF, Bidhan Nagar, Kolkata-700064
2 Radiochemistry Division, BARC, Mumbai-400085

Looking at the previous works done on the α-induced fission on Th232 [1-4], it appears that the nature 
of mass-yield distribution is not unique and can be either double [1] or triple-hump at a similar 

projectile energy of ~38MeV. Again, it has been shown that the shell effect gets washed out at E* ~ 40MeV 
alpha energy [5] while the shell effect appears to be operational even at 71.4MeV alpha energy [4]. So a 
comprehensive measurement on fission yield mass distribution for the above system has been carried out 
using the He-gas jet transport facility at VECC, Kolkata 
[6]. The experiment was performed by 40MeV α-beam 
delivered by K=130 AVF Cyclotron at VECC, Kolkata. 
The mass yield distribution curve obtained in the present 
experiment is shown in Fig. 1. 

The fission yield (FY) of ~69 fission products (FPs) 
with half-lives ranging from 1min to several days has 
been determined in this work which, to the best of our 
knowledge, is the maximum number of FPs identified 
in a single fission experiment. The mass distribution 
obtained on the basis of the yields shows a clear triple  
humped structure showing the contribution from both 
asymmetric and symmetric modes of fission. 

Comparison of the experimental mass distribution 
with the prediction based on the GEF code, which takes into account multi-chance fission, shows that the 
simulation based on GEF reasonably reproduces asymmetric component arising from standard I mode 
of fission, but underestimate the contribution from Standard II fission mode. Such a large of FPs would 
provide the credibility to the experimental fission-yield mass distribution (FYMD) curve obtained in the 
present work as well as this information would provide a database to the development of Radioactive Ion 
Beams (RIB) at VECC, Kolkata.

References:
[1] A. S. Newton, Phys. Rev. 75, 209 (1949). 
[2]T. C. Roginski, M. E. Davis and J. W. Cobble, Phys. Rev. C4, 1361 (1971).
[3] R. Guin et al., Radiochimica Acta 48, 7 (1989)
[4] A. Chakrabarti et al., Z. Phys. A 345, 401 (1993).
[5] A. Chaudhuri et al., Phys. Rev. C 91, 044620 (2015).
[6] A. Chakrabarti et al., Nucl. Inst. and Meth. in Phys. Res. A263 (1988) 421.
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Fig. 1: Mass distribution for α+Th fission at E*=31MeV
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Present work describes the Time Differential Perturbed Angular Correlation (TDPAC) study of Mn-doped 
TiO2. The work aims at the characterization of 1, 5 and 10 atom% Mn-doped TiO2 at different annealing 

temperatures and role of Mn-ion in anatase to rutile phase transformation in microscopic scale. In addition 
to the TDPAC measurement, synchrotron based Extended X-ray Absorption Fine Structure (EXAFS) 
studies have also been carried out. TDPAC measurement has been carried out with a CAMAC base data 
acquisition system using 181Hf/Ta probe atom. TDPAC spectrometer consists of LaBr3(Ce) detector coupled 
to fast PM Tube. The XANES and EXAFS measurement of the samples have been carried out at room 
temperature at the Energy Scanning EXAFS beamline (BL-9) at Indus-2 Synchrotron source (2.5 GeV, 300 
mA) at the Raja Ramanna Centre for Advanced Technology (RRCAT), Indore, India. The detailed method 
of doped TiO2 sample preparation has been described elsewhere [1]. For the incorporation of Mn-atom,  
MnCl2.4H2O (Sigma-Aldrich, 99%) 
was used as the precursor. The TDPAC 
spectra for all three Mn-doped samples 
annealed at 750°C have been shown 
in Fig. 1. Experimental χ(R) vs R plot 
fitted with the theoretically generated 
model for 5% and 10% Mn-doped 
samples at Mn-edge using the available 
IFEFFIT software package [2]. The study 
manifests that the oxygen vacancies are 
mainly created in the samples at the host 
Ti site instead of Mn site which varies 
with the annealing temperature. At lower 
annealing temperature, Mn exists as 
Mn+2 and then gradually gets converted 
to Mn+4 at higher annealing temperature. 
As the Mn-content increases, the onset 
temperature gradually decreases for 
rutile phase. TDPAC measurement could identify both rutile and rutile like phases which might induce the 
nucleation process in TiO2. Thus the study reveals that Mn accelerates the nucleation process and hence 
lowers the activation enthalpy for the anatase to rutile phase transformation. 

References:
[1] D. Banerjee et al., Hyperfine Interaction 198(1-3) (2011) p.193-198.
[2] M. Newville et al., Physica B 154 (1995), 208.

Fig. 2: TDPAC spectrum for different Mn-doped samples annealed at 
750°C.  
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Low lying level structure of n-rich nuclei around A~100 and A ~140 mass region can be accessed through 
decay spectroscopy of radio-chemically separated fission fragments. The possibility of accessing a 

particular excited state through radiochemical separation depends on many factors like the population of 
that level, availability of appropriate radiochemical separation technique and the suitable decay half life of 
the parent isotope. A particular radio-chemical technique can be chosen based on the yield of a particular 
isotope along with the accompanying contamination. Study on the population of specific levels is also 
necessary to understand the feasibility of subsequent lifetime and quadrupole moment measurements. The 
excited states of the nuclei were populated by using natU(α,f) reaction with 28 MeV α beam from K = 130 
cyclotron at VECC, Kolkata. Natural Uranium target of thickness ~750μg/cm2 electrodeposited on 1mil Al-
backing was used.  Experimental details can be found in Ref. 1. The raw data were gain matched to generate 
γ-γ matrices using the LAMPS software. The subsequent data analysis with the background subtracted 
matrix was performed using the RADWARE package.

The isotopic yield obtained in this particular reaction has already been determined [1]. Many n-rich isotopes 
in A ~100 and A~140 region were confirmed to be populated in this reaction. The list of nuclides produced 
in this reaction suitable for decay spectroscopy study is given in Table1. Coincidence study of the identified 
nuclei has been done which shows that a significant percent of the scheme have been populated for these 
nuclei [2]. Decay schemes of some of the nuclei constructed from this data are shown in Fig. 1. In future 
possible radiochemical separation process for the spectroscopy of rare earths which are very challenging 
in general will be done. The level lifetime and quadrupole moments are not known till date for many 
nuclei and this will also be taken up following the successful exploration on the radio-chemical separation 
techniques.

 

References: 
[1] D. Banerjee et al.,DAE Symp. Nucl Phys.62, 420 (2017).
[2] ENSDF data file: www.nndc.bnl.gov/ensdf.

Nuclides Half life 

126Sb126Te 12.35d 

136Cs136Ba 13.16d 

124Sb124Te 60.2d 

140La140Ce 1.68d 

132I132Xe 2.3h 

99Mo99Tc 65.9h 

Table1: List of studied nuclides Fig.1: Decay scheme of some of the nuclei constructed from the obtained coincidence data.

http://www.nndc.bnl.gov/ensdf
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Titanium dioxide (TiO2) exhibits excellent photocatalytic and photo-electrochemical properties. It is a 
potential candidate for the solar energy conversion and for photochemical splitting of water [1]. So the 

modification of properties of TiO2 to enhance its photosensitivity has drawn the attention significantly. It 
is also observed that incorporation of foreign atoms gives completely different bulk and surface properties 
e.g. surface composition of In-doped TiO2 is entirely different from that of the bulk phase as a result of 
segregation [2]. The phenomenon of segregation also depends on the oxygen activity. In the present work, 
microscopic study on the effect of In-dopant on the Anatase (A) to Rutile phase transformation and In-
segregation in TiO2 has been studied by nuclear probe technique Time Differential Perturbed Angular 
Correlation (TDPAC) spectroscopy using 111In/Cd probe.

111In probe has been produced from the natAg(α, xn) reaction at VECC cyclotron using 30MeV α beam 
followed by no-carrier added separation of In from Ag matrix[3]. Pure and 1% In-doped TiO2 samples 
were prepared from Ti-isopropoxide and InCl3 precursors along with PAC probe. Samples were annealed at 
different temperatures in air to study the diffusion process.

Powder XRD patterns of the annealed samples show that R phase transformation was completed at 8500C 
but probe was not found in R phase using TDPAC after annealing at the highest temperature of 10000C for 
1% In doped TiO2. Five different probe sites were obtained with 111In/Cd probe after each annealing step 
using TDPAC study. The broad component with ~40% δ indicates that probe is in interstitial and other sharp 
low frequency components might be attributed to different In-O structures. Schematic of In diffusion and 
typical TDPAC spectra are shown in the following figures.
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[1] Fujishima, A.; Honda, K. Nature 1972, 238, 37
[2] A.J. Atanacio, J. Nowotny and K. E. Prince, J. Phys. Chem. C 2012, 116, 19246.
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Fig.1: Schematic of In-diffusion[2]. Fig.2: TDPAC spectra for pure and 1% In-doped TiO2 annealing at 
different temp.
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Stability of Monoclinic Phase in Pure and Gd-doped HfO2: A 
Hyperfine Interaction Study

D. Banerjee,1 C.C. Dey,2 Sk. Wasim Raja,1 R. Sewak,2 S.V. Thakare,3 R. Acharya,4 P.K. Pujari4

1Radiochemistry Division (BARC), Variable Energy Cyclotron Centre, Kolkata-700064, India
2Applied Nuclear Physics Division, Saha Institute of Nuclear Physics, Kolkata -700064, India.

3Radiopharmaceutical Division, Bhabha Atomic Research Centre, Mumbai-400085, India
4Radiochemistry Division, Bhabha Atomic Research Centre, Mumbai-400085, India

The HfO2 is known to have monoclinic crystal structure (space group P21/c) at room temperature. With 
increase of temperature, its crystal structure first changes to tetragonal and then cubic. However, the 

observed ferroelectricity in doped HfO2 thin film is attributed to the non-cetrosymmetric orthorhombic 
structure of space group Pca21 [1]. Direct experimental evidence for the presence of polar orthorhombic 
Pca21 phase in Gd doped HfO2 thin films was reported in reference [1]. In Si doped HfO2, a pressure induced 
structural transition from monoclinic to 
orthorhombic (Pbca or Pc21) was also 
reported [2]. The present Time Differential 
Perturbed γ-γ Angular Correlation 
(TDPAC) measurements in bulk HfO2 
report, for the first time, the presence of 
three regular sites at ambient condition, 
apart from the stable monoclinic phase 
(m-HfO2). Also, the effects of Gd impurity 
(5 at%) on HfO2 crystal structure was 
investigated by PAC. In pure HfO2, apart 
from the monoclinic component (~80%), 
four other minor frequency components 
have been found at room temperature. To 
further investigate the origin of these minor 
frequency components, PAC measurement 
at 673K was performed and is shown in Fig. 
1. At 673 K, population of two of the four 
minor components was enhanced at the 
expense of the m-HfO2 as the population of 
m-HfO2 reduces to ~55%. On doping with 
5 at% Gd, the population of monoclinic site 
drastically reduced to ~10% while one of the minor components got enhanced to a large extent (66%). The 
enhancements of the three minor components, either by temperature and/or by Gd impurity, indicate that 
these are the regular phases of HfO2andcould therefore be attributed to three orthorhombic phases of HfO2. 
The fourth minor component (5-10%) with values of ωQ ~ 7 Mrad/s, η = 0 can be assigned to crystalline 
defect site.

References:
[1] X. Sang, E. D. Grimley, T. Schenk, U. Schroeder and J. M. LeBeau, Appl. Phys. Lett., 2015, 

106,162905.
[2] C. M. Fancher, L. Zhao, M. Nelson, L. Bai, G. Shen and J. L. Jones, J. Appl. Phys., 2015, 117,234102.
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Fig. 1: TDPAC spectrum for pure HfO2 measured at 673K. Total spectrum 
is shown at the top and three decomposed components (m-HfO2 and two 
o-HfO2) are shown below.
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Characterization of LaBr3:Ce detectors coupled with 
Hamamatsu make R2083 PM Tube

S. Dey Chaudhuri1, D. Banerjee,1, T. Bhattacharjee, Sk. Wasim Raja1, R. Acharya1 , P.K Pujari1

1Radiochemistry Division (BARC), VECC, 1/AF, Bidhan Nagar, Kolkata-700064

The characterization of 1in. x 1in. LaBr3 crystal doped with 5% Ce (LaBr3:Ce) scintillators coupled to 
Hamamatsu R2083 PM Tube was performed to find out the optimum operating condition for using 

the assembly in fast timing spectroscopy. The energy response of the assembly and energy resolution of 
the LaBr3:Ce detectors were studied at different applied bias voltages. The energy spectrum taken by the 
LaBr3:Ce coupled to the R2083 PM tube is shown in Fig. 1 with three different gamma sources and the 
energy response of the assembly upto the 1408keV γ-line of 152Eu is shown in Fig. 2.

 

It has been observed that the response is linear upto a bias voltage of -2500V in the present γ-energy range. 
It is also worth mentioning that the response is linear up to 1MeV γ-line even at the highest applied voltage 
of -2800V. An energy resolution of ~3.4-4% as obtained in the present work falls in good agreement with 
the previous results [1, 2]. The work reveals an excellent linear response by the present assembly upto 
1MeV at all applied bias voltages. A linear response upto 1.4MeV of γ-energy could be obtained upto a bias 
voltage of -2500V. The time resolution of a single detector at an applied voltage of -2800V was found to be 
174(2) ps for 511-511 cascade. The present assembly can be operated at a very high operating voltage of 
-2800V to get the best time resolution with a linear response upto 1MeV γ-energy.

References:
[1] S. Aldawood et al.,  Frontiers in Oncology 5, 270 (2015) 
[2] R. Pani et al., Nucl. Intr. & Meth. in Phys. Res. A610, 41 (2009)

Fig. 2: Energy response curve at different bias voltage.
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Fig. 1: Energy spectrum of LaBr3:Ce detector for 
different sources at -2800V
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1.5 Material research

An approach in the analysis of microstructure of proton irradiated 
T91 through XRDLPA using synchrotron and laboratory source

Argha Dutta, N. Gayathri, P. Mukherjee, Santu Dey, Sudipta Mandal, Tapatee Kundu Roy, 
Apu Sarkar1, S. Neogy1, Archna Sagdeo2

1Mechanical Metallurgy Division, Bhabha Atomic Research Centre, Mumbai, 400085, India
2Synchrotrons Utilization Section, Raja Ramanna Centre for Advanced Technology Indore 452017, India

Ferritic-Martensitic (F/M) steels are being considered as promising structural candidate material for Gen-
IV nuclear reactors, Accelerator Driven System (ADS) and fusion reactors[1]. In this study, an attempt 

has been made to characterize the microstructural evolution of proton irradiated T91 using X-ray diffraction 
line profile analysis (XRDLPA) on XRD data collected using synchrotron source. Convolutional multiple 
whole profile (CMWP) fitting was used to evaluate the microstructural parameters Mechanical properties

 

in term of micro-hardness value have been evaluated as a function of dose. The dislocation density increases 
at the initial dose and shows saturation at higher doses of irradiation. Comparing the q values obtained 
from the calculation and the CMWP analysis, indicates that the dislocations are mainly <111> screw type 
in the unirradiated sample.The increase in q value at a dose of 5E16p/cm2 (considering increase in <111> 
screw type dislocation) and associated increase in dislocation density  can be attributed to the formation of 
defect clusters as a result of irradiation. The results of detailed microstructural analysis by XRDLPA have 
been supported by other characterizing techniques like EBSD, TEM. Vickers hardness was measured for 
the unirradiated and all irradiated samples and is presented in Fig. 8. It is clearly seen from the plot that 
the hardness value increases with increasing dose. The radiation induced defects create obstacle to the 
movement of dislocations which in turn increases the hardness

References:
[1] B. Raj, M. Vijayalakshmi, Ferritic Steels and Advanced Ferritic–Martensitic Steels, in: R. Konings, 

T.R. Allen, R.E. Stoller, S. Yamanaka (Eds.), Compr. Nucl. Mater., Elsevier Science, UK, 2012: pp. 
97–121

Fig. 1
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Irradiation of pure V and V-4Cr-4Ti alloy using 315 keV Ar ion 
and their characterisation using GIXRD measurements at Indus-2

(RRCAT, Indore)

Sudipta Mandal, N. Gayathri, Ranjini Menon, P. Y. Nabhiraj, Archna Sagdeo1, P.  Mukherjee 

1Synchrotrons Utilization Section, Raja Ramanna Centre for Advanced Technology Indore 452017, India RRCAT, Indore

 

Vanadium based alloys are being considered as one of the promising structural materials for the blanket 
of fusion power reactors [1]. Heavy ion irradiation with 315 keV Ar9+ beam has been carried out on 

pure Vanadium and V-4Cr-4Ti at different doses i.e. 5x1014 ions/cm2, 1x1016 ions/cm2 & 2.7x1016 ions/
cm2 using the ECR facility, VECC Kolkata corresponding to 0.4, 8.5 and 23 dpa. The maximum damage 
occurs at a depth of 3000 Å and the peak damage occurs at 1400 Å. The samples have been characterized 
by Synchrotron X-ray source at grazing incidence mode at RRCAT, Indore. The wavelength used for the 
measurement on pure V was 0.7 Å and for V-4Cr-4Ti was 0.8 Å. The XRD patterns were obtained at 
incident angle of 0.15° corresponding to a penetration of 1400 Å with λ = 0.7 A° and 1080 Å with λ = 0.8 
A° probing the sample up to the peak damage region.

The XRD peaks of the V-4Cr-4Ti alloy shows clear asymmetry with development of a shoulder to the 
left of the peaks as indicated by the red arrows in Fig. 2. This may be due to solute segregation caused 
due to irradiation. Apart from this, additional peaks (marked by black arrows) are observed in the sample 
irradiated at the highest dose ie., 23 dpa.  The pure V and V-4Cr-4Ti samples show contrasting changes 
in the microstructural parameters. The decrease in the microstrain values in the V-4Cr-4Ti sample can be 
attributed to the solute segregation caused by irradiation which may relax the lattice strain in the main 
matrix (V-4Cr-4Ti).

References:
[1] T. Muroga, in Comprehensive Nuclear Materials, R. Konings, T.R. Allen, R.E. Stoller, S. Yamanaka 

(Eds.), Compr. Nucl. Mater., Elsevier Science, UK, 2012
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Characterization of 315keVAr ion Irradiated 9Cr-1Mo/2.25Cr 
-1Mo ferritic steels using XRDLPA

Argha Dutta, N. Gayathri, Ranjini Menon, P.Y. Nabhiraj, P. Mukherjee

Cr-Mo steels have been considered as a replacement of austenitic stainless steel for in-core applications 
in fast breeder reactors due to their higher thermal conductivity, lower expansion coefficients and most 

importantly excellent resistance to radiation damage especially void swelling []. In order to understand the 
effect of irradiation in high Cr and low Cr steels, radiation damage studies have been carried out on alloy 
9Cr-1Mo (T9) and 2.25Cr-1Mo (T22) samples.

Samples of 9Cr-1Mo (T9) and 2.25Cr -1Mo (T22) were irradiated with 315 keV Ar9+ ions using ECR ion 
source at VECCupto five different doses. The damage extends up to a depth of 2500Å as seen in the Fig. 1 
calculated using SRIM-2013 []. Grazing incidence X-ray Diffraction (GIXRD) measurements were carried 
out at three different incident angles (ω= 1o, 2o and 3o) in order to characterize the damage and evaluate the 
microstructural parameters (such as domain size and microstrain) as a function of depth (Fig. 1). 

Fig. 2shows the XRD pattern obtained at 30 incident angle for the T9 samples. Figs.3(a&b) and 4(a&b) 
show the results of the Double-Voigt analysis carried out using the (110) and (220) peak profiles for the T9 
and T22 samples respectivelyat 30 incident angle.It can be seen from Fig. 3(a) for the T9 sample, at the dose 
of 5x1014 Ar9+/cm2 there is a shift of the volume weighted column length distribution towards the higher 
L (column length) value with a corresponding decrease in the mean square strain (Fig. 3(b)). With further 
increase in dose, the volume weighted column length distribution shifts towards lower L values. The mean 
square strain remains almost same at large L values but shows an increase at low values of L. As compared 
to T9, it can be seen from Fig. 4(a) for the T22 samples, that for the lowest dose of 5x1014 Ar9+/cm2 the 
volume weighted column length distribution shifts towards a lower L with the mean square strain almost 
remaining the same (Fig. 4(b)). With increasing dose, there is a shift of the Pv(L) towards lower L and a 
corresponding increase in the mean square strain both at large L as well as at lower L values. The results are 
similar for all the three incident angles.
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Characterization of ion induced damage as a function of depth using
X-ray Diffraction – α irradiated D9 alloy

Santu Dey, N. Gayathri and P. Mukherjee

The damage caused in materials by neutrons has been successfully imitated using ion irradiation.  Due 
to the irradiation the maximum damage is expected to occur near the stopping range of the ion in the 

material as calculated using SRIM. However in irradiated materials, the phenomenon of radiation enhanced 
diffusion plays a major role in aiding the re-distribution of the freely-migrating point defects formed during 
the damage cascade and hence determines the final microstructure of the irradiated material. The main aim 
of this work was to access the final microstructure caused by ion irradiation as a function of depth using 
X-ray Diffraction (XRD). The study has been carried out on three doses (5×1015 He+2/cm2, 6.4×1016 He+2/cm2 
and 2×1017 He+2/cm2) of 35 MeV α irradiated D9 alloy. The maximum damage (Bragg peak) occurs at the 
depth of around 203 µm +/- 3 µm for 35 MeV α irradiated D9 alloy. The depth-wise XRD data was collected 
by sequentially removing every 20 +/- 5 µm of the material from the back of the sample. X-ray Line profile 
analysis using modified Rietveld technique was used to evaluate the domain size and the microstrain as 
a function of depth vThe microstrain did not vary significantly as a function of depth. Fig 1(a) shows the 
variation of the domain size for all the samples. 
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Fig.1.  (a)Variation of the average domain size as a function of depth calculated using MAUD software (b) Schematic diagram of 
this study

The observations in this study can be explained using  the schematic diagram shown in (Fig.1.(b)). Curves 
‘A’, ‘B’ and ‘C’ represent the three different doses with increasing order. In the low dose sample, the 
defect diffusion from the Bragg peak damage region to the homogenous region and their annihilation in 
pre-existing sinks causes an inhomogeneous domain size variation with depth. With further irradiation, 
the defect diffusion increases due to the defect concentration gradient and the newly formed sinks act as 
annihilation sites causing a more homogenous microstructure as a function of depth. Thus the results could 
be explained by the combination of the presence of pre-existing sinks, the defect production, their enhanced 
diffusion and their annihilation in both existing and newly forming sinks.

References:
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Characterization of proton induced damage as a function of 
depth in pure Ti and Ti-6Al-4V alloy

Santu Dey, P. Mukherjee, N. Gayathri, Anjan Dutta Gupta, Tapatee Kundu Roy

Titanium and its alloys are being considered as potential structural materials for different components (e.g. 
high power (~300 - 400 kW) beam dumps) of charge particle accelerators. This study is a continuation 

of the earlier work which was limited to the surface [1] of the irradiated samples. The study has been 
carried out to understand the damage profile as a function of depth on the same irradiated (with doses 
1×1016 H+/cm2, 7×1016 H+/cm2,4×1017 H+/cm2 and 5×1017 H+/cm2) samples of pure Ti and Ti-6Al-4V [1]. 
X-ray diffraction line profile analysis (XRDLPA), Vickers micro-hardness test and positron annihilation 
spectroscopy (PAS) were used as the characterization tools to compare the irradiation effect on both the 
materials. The maximum depth of damage (Bragg peak) due to irradiation was estimated to be around ~240 
mm 

The results indicate that Ti-6Al-4V alloy is more radiation resistant compared to pure Ti over the entire 
damage region.

References
[1] Anjan Dutta Gupta et.al. Nuclear Instruments and Methods in Physics Research Section B Beam 

Interactions with Materials and Atoms 387:63-72 (2016)
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X-ray photoemission spectrum of Ba2CoWO6: A Double 
Perovskite

A.K. Himanshu, Pintu Sen, Rajyavardhan Ray1, K. Bhattacharya2, Alo Dutta3

1Dresden Centre for Computational Material Science (DCMS), TU, Dresden, 01062 Dresden, Germany
2Bhabha Atomic Research Centre, Mumbai-40005, India

3Department of Condensed Matter Physics and Material Sciences, S N Bose National Centre for Basic Sciences-Block-JD, 
Sector-III, Salt Lake, Kolkata-700106, India

The XPS spectrum of Ba2CoWO6 is shown in Fig. 1 in the energy window of 0–900eV. Due to the spin-
orbit effect the 2p spectrum (Fig 2) is splitted into 2p1/2 and 2p3/2 peaks positioned at 798.4 and 782.7 eV 

respectively. The binding energy difference between these two spin-orbit peaks is ~15.7 eV. The presence of 
strong satellite of 2p1/2 peak at ~ 804.7 eV suggests the presence of Co2+ state in this material. The FWHM of 
2p1/2 is found to be ~ 4 eV. The broadening of 2p1/2 peak is due to the multiple splitting as observed for CoO 
[1]. In octahedral co-ordination Co2+ ions have the t2g

5eg 
2 configuration and S = 3/2. As a result the d-d and 

O(2p) to Co(3d) charge transfer excitations may arise that enhance the number of final states, thus resulting 
in the multiplet structure of the Co 2p doublet and satellite lines. 

The core level Ba-3d spectrum is shown in Fig. . The spin–orbit splitting energy of Ba-3d state is 16 eV with 
3d5/2 (782.6 eV) and 3d3/2 (798.4 eV) lines at lower and higher binding-energy (BE) positions respectively. 
The absence of any extra peak in Ba-3d5/2 suggests that the existing peak can be assigned for the Ba ion 
in the perovskite environments. There is one satellite (indexed as S) in Ba-3d spectrum. The presence of 
such satellite is very common phenomenon in the core level spectrum of alkaline earth metals. The oxygen 
1s spectrum in the inset of Fig. 3 shows a single peak suggests the presence of only lattice oxygen in the 
material.  Figure 4 shows the core level XPS spectrum of W-4f. The asymmetric broad nature of the peaks 
indicates the presence of more than one peak and hence the spectrum is de-convoluted into two peaks. The 
peak position of 4f7/2 and 4f9/2 is 40.0 and 37.6 eV respectively. Since the peaks are at higher binding energy 
side it indicates the W6+ state in this material [3].      

References:
[1] J.F.Moulder, W.F.Stickle, P.E.Sobol, K.D.Bomben, HandBook of X-ray Photoelectron Spectroscopy, 

Physical Electronics, INC, USA, 1992.
[2] Sarah C. Petitto, Erin M. Marsh, Gregory A. Carson, and Marjorie A. Langell, Journal of Molecular 

Catalysis A: Chemical 281, pp. 49-58 (2008). 
[3] B. A. DE Angelis, M. Schiavello, J. Solid State Chem. 21, 67-72 (1977).

1000 800 600 400 200 0
0

5000

10000

15000

20000

25000

 

 

 

 

Binding Energy  (eV)

In
te

ns
ity

 (a
rb

. u
ni

t)

B
a-

4d

B
a-

4s

C
o-

3p

C
-1

s

W
-4

f

W
-4

d

B
a-

3d

O
-1

s

C
o-

2p

770 780 790 800 810
12500

13000

13500

14000

14500

15000

15500

s

s

Co-2p2p3/2

2p1/2

 

In
te

ns
ity

 (a
rb

. u
ni

t)

Binding Energy  (eV)
805 800 795 790 785 780 775

12500

13000

13500

14000

14500

15000

15500

544 540 536 532 528 524

15000

20000

3d3/2

3d5/2 Ba-3d

 
 

 
In

te
ns

ity
 (a

rb
. u

ni
t)

Binding Energy  (eV)

s

O-1s

 

 

  

48 46 44 42 40 38 36 34

6000

12000

18000

4f9/24f7/2

W-4f

 

 

 

 

Binding Energy  (eV)
In

te
ns

ity
 (a

rb
. u

ni
t)

 experimental
 background
 peak1
 peak2



Material Research

77

Ab-initio study of Double Perovskite Ba2YSbO6

Golak Mondal1, D. Jha1, A.K. Himanshu, J. Lahiri,  B.K. Singh1, Uday Kumar2, Rajyavardhan Ray3

 1Department of Physics, T.M. Bhagalpur University, Bhagalpur-812007, Bihar
2 Department of Physical Sciences, IISER Kolkata, Mohanpur Campus, Mohanpur,-741252, West Bengal
3Dresden Centre for Computational Material Science (DCMS), TU, Dresden, 01062 Dresden, Germany

The density functional theory with generalized gradient approximation has been used to investigate the 
electronic structure of double perovskite oxide Ba2YSbO6 (BYS) synthesized in polycrystalline form 

by solid state reaction.. The crystal structure is cubic, space group being Fm-3m (No. 225) with the lattice 
parameter, a = 8.424 Ǻ. Optical band-gap of this system has been calculated using UV-Vis Spectroscopy 
and Kubelka-Munk (KM) function, having the value 4.56eV. A detailed study of the electronic properties 
has also been carried out using WIEN2k [1]. BYS is found to be a large band-gap insulator with potential 
technological applications, such as dielectric resonators and filters in microwave applications. The 
Kubelka-Munk (KM) function was used to convert the reflectance spectra, thus obtained, into an equivalent 
absorption spectra [2]. The optical band-gap was obtained from the linear part of the energy dependence of 
the absorption spectra using an appropriate function, corresponding to direct-allowed transition as shown 
in Fig.1. The value of the optical band-gap was found to be approximately 4.56eV.

 
From the Fig. 2, the direct energy band-gap exists at Γ-point (0.612528, 3.63613) as extracted from 
the band structure plot, which clearly indicates the insulating nature with a band-gap of approximately 
3.6361eV. The discrepancy between the theoretical and experimental values of band-gap is due to various 
approximations involved in the DFT calculations. Due to the d10-ness, the d-states of the Y atoms and Sb 
s electrons contribution lie in the conduction band. Similarly, the s and p-states of the Y atom lie deep in 
the conduction band, because of d-fullness. The crystalline field produced by the oxygen octahedra lifts the 
degeneracy and leads to splitting of the d-states of Y atom into t2g (consisting of dxy, dyz, dxz orbitals) and 
eg (consisting of dx2-y2 and dz2 orbitals) states. Exchange splitting between the t2g and eg states is found to be 
approximately 1.43eV. The ground state is found to be insulating with large band-gap. It would, therefore, 
be interesting to carry out detailed study of optical properties of such materials which require accurate 
knowledge of their optical parameters over a wide range of wavelength.
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Electronic Structure Calculation of Sr2CoWO6 Double 
Perovskite using DFT+U

Golak Mandal1 , Dhiraj Jha1, Rajyavardhan Ray2, A.K. Himanshu, Nisith K. Das, B.K. Singh1 
and A.K. Sinha3
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2Dresden Centre for Computational Material Science (DCMS), TU, Dresden, 01062 Dresden, Germany

3Indus Synchrotron Utilization Division, Raja Ramanna Centre for Advanced Technologies, Indore- 452013

Using the synchrotron and Raman spectroscopy we measured the lattice parameter and Raman modes 
of the half-metallic (HM) Sr2CoWO6 (SCoW) synthesied by the solid state reaction technique.  The 

physical properties of SCoW are studied within the framework of DFTunder the GGA of PBE model both 
by itself and including a coulomb repulsion via the Hubbard approach or GGA+U.Structural refinement 
of Sr2CoWO6 Synchrotron X-ray Powder diffraction (SXRPD) was used. A SXRPD pattern was collected 
at ambient temperature at the INDUS-2, BL-12, RRCAT, Indore, India (λ= 0.8002065 Å. The SXRPD 
profile of Sr2CoWO6 is shown in Fig. 1. The lattice parameter were found to be a= 5.5694, c =7.9589 Å at 
ambient temperature.  The refined parameter is Tetragonal (I4/m, #87). The SXRPD pattern is characteristic 
of perovskite structure showing superstructure reflections corresponding to the Co/W ordering with minor 
impurities of SrWO4 & Sr2WO5

 

Calculation of electronic structure for the SrCoW were performed with FP-LAPW) method, in the frame 
work of the density function as implemented in the WIEN2k [1]. The self consistency is better than 
0.001e/a.u3., for the charge and spin density, the stability is better than 0.01mRy for the energy per unit 
cell. The valance state of atoms are Sr-4d5s, Co:3d, W:5d 6s, and O:2s 2p. The calculated total density of 
states (TDOS) is shown in Fig.2 for U=0.6eV. The TDOS for up states close to the Fermi level, we observe 
insulating nature of the SrCoW compound. The spin down channel has a metallic behavior. The spin up gap 
insulating behavior was calculated to 2.27eV and spin down 0.92eV.  The calculated bandgap using TDOS 
for Hubbard parameter U=0.6eV is comparable with experimental optical band gap ≈ 2.26eV[2] .Fig. 3 
shows the Raman spectrum of Sr2CoWO6 recorded at ambient conditions. According to the factor group, 
nine Raman-active modes, represented as M= 3Ag+3Bg+ 3Eg should be observed for the I4/m structure of 
SCoW. Most of the bands are weak; there are only three strong bands and are centered at ≈ 850 cm-1, 441 
cm-1 and 138 cm-1. 

References:
[1] P. Blaha, K. Schwarz, G. Madsen, D. Kvasnicka and J. Luitz, WIEN2k, (Karlheinz Schwarz, Techn. 

Universität Wien, Austria), 2001. ISBN 3-9501031-1-2.
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AIP Conf. Proceedings 1832(1):140039 (2017).
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Hierarchically designed PEDOT encapsulated graphene-MnO2 
nanocomposite as supercapacitors

Pintu Sen, Nidhi Agnihotri1, Amitabha De1, A.K. Himanshu and Manabendra Mukherjee1

1Saha Institute of Nuclear Physics, 1/AF Bidhannagar, Kolkata-700064, India

We have developed a new synthetic approach for the preparation of PEDOT wrapped graphene-MnO2 
ternary nanocomposite, in order to achieve enhancing the device performance of metal oxide-based 

electrochemical supercapacitors. In the present work, we have employed a solvothermal reaction between 
Graphene oxide (GO) and MnO2 micro spheres to obtain a binary nanocomposite of Graphene-MnO2 where 
innumerable MnO2 nanoparticles generate in situ and decorate over graphene sheets firmly due to the 
spiked-shaped MnO2 microspheres having better anchoring properties. Subsequently, this binary composite 
was hierarchically upgraded to a ternary composite (Grp-MnO2-PEDOT), by wrapping it with conductive 
layers of PEDOT where PEDOT being a conducting polymer offers a right balance of conductivity and 
charge storage. This offers better specific capacitance value and appreciable power and energy densities 
for composite in a broadened potential window of  -0.6 to +0.6 V. This 3D wrapping approach offers a 
promising design and direction for optimizing the electrochemical properties of hybrid electrode materials 
for their encouraging applications in the energy storage devices.

The current density of the cyclic voltammograms (CV) for the PEDOT: Grp-MnO2 ternary nanocomposite 
electrode shows larger values compared to those of the pure MnO2 or Grp-MnO2 binary electrode, indicating 
higher specific capacitance resulting from the synergistic contribution of electrochemical double-layer 
capacitance of graphene- PEDOT and the pseudo capacitance of MnO2. Moreover, the CV curves of the 
electrodes exhibit nearly a mirror image of current response for the oxidation-reduction half cycles indicating 
an excellent reversibility. The CV curve corresponding to the loading of 30% PEDOT as PEDOT:Grp-MnO2 
(1:3) shows better capacitance than that of other two ( i.e 3:1 & 1:1). Thus an optimal amount of PEDOT 
layer wrapping over the graphene sheet is essential for getting the better performance of the electrode. In 
order to understand the effect of optimum coating of polymer layer required over Grp-MnO2 composite, 
the specific capacitance value of three different compositions are measured through galvanostatic charge 
discharge technique for the PEDOT: Grp-MnO2 nano-composite, based on the composition ratio of PEDOT: 
(Grp- MnO2) as 3:1, 1:1 and 1:3. The respective specific capacitance values are found to be 145 Fg-1, 151 
Fg-1 and 213 Fg-1.  This suggests that 1:3 composition ratios in the ternary composite, i.e with 30% PEDOT 
loading over MnO2 embedded graphene sheets, is found to be the optimum loading for best supercapacitor 
performance.
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Enhanced magnetic response and pronounced antibacterial 
activity of Bismuth ferrite nanorods

Pintu Sen, P.K. Chakraborty1, Kunal Biswas2 , A.K. Himanshu, Debashis De2 
and Jaya Bandyopadhyay2

1Department of Physics, Burdwan University, Burdwan, 713104, India
2 Maulana Abul Kalam Azad University of Technology, Kolkata-64, India

Bismuth ferrite (BiFeO3, BFO) is regarded as a unique class of intrinsic multiferroic system capable 
of exhibiting both ferroelectric and weak ferromagnetism depending upon size manifestation that 

could offer relative ordering. In this work, BFO nanorods are developed by template assisted wet chemical 
technique and their magnetic susceptibility and antimicrobial activities have been studied extensively.

BFO nanorods show a substantially high magnetic susceptibility of the order of 2.54 emu/mole at low 
temperature, in response to the applied magnetic field of 1300 G in agreement with lit [1]. An adequately 
high susceptibility witnessed in nanostructured form is attributed to the directional growth of BFO. 
Magneto-capacitance gives an overview about the magnetoelectric entanglement in an indirect way 
[2]. The capacitance per unit field strength has been plotted against the magnetic field, as depicted in 
the inset of Fig.1. The increasing capacitance with the increase of applied field is believed to follow a 
fitting trend: Cy = C0 +  bxn, with the initial value, C0 = 0.003 pF/G and the exponent value as, n = 2.57. 
Essentially, magnetocapacitance value is higher by a factor of five as compared to that of BFO nanoparticles 
observed in an earlier work [3]. This indicates a larger magnetoelectric coupling in case of nanorods than 
its nanoparticle counterpart. Thus, the synthesized BFO nanostructured system has not only enhanced the 
magnetic susceptibility but has also led to the enhanced magnetoelectric coupling. In order to understand 
and observe the fate of AAO templated BFO nanorods over the bacterial system, further the morphological 
studies were carried out under HRTEM (FEI-TECNAI G2 20S-TWIN, Netherland), highlighted in Fig. 
2(a-c). It may be proposed that, due to enhanced asymmetric structure of the BFO nanorods, a significantly 
large antibacterial response could be achieved against the chosen bacteria. The bacteria belong to Gram +ve 
category, which possess thick peptidoglycan layer at the surface. Irrespective of the presence of such a thick 
layer at the surface of the bacteria, BFO nanorods potentiates itself to penetrate through the thick layer, 
causing damage to the bacterial membrane architecture. The rupturing could be well seen in Fig. 2(b and c). 

References:
[1] http://arxiv.org/abs/1309.5218.
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Electrochemical studies of the Partially Reduced Graphene 
Oxide−CrVO4 Nanocomposite

Pintu Sen, Pradip Das1 and  G.R. Turpu1

1Department of Pure and Applied Physics, Guru Ghasidas Vishwavidyalaya, Bilaspur 495009, India

Graphene and its composite materials are being considered as a promising candidate in the field of 
energy storage system because of its excellent electrical conductivity, larger surface area, and superior 

chemical stability. Electrochemical performances have been characterized through cyclic voltammetry 
(CV), Galvanostatic charging and discharging (GCD) and Electrochemical impedance spectroscopy (EIS) 
studies. The cyclic voltammograms of CrVO4 and rGO−CrVO4 composite at different scan rates are shown 
in Fig.1a & 1b respectively. The CrVO4 cyclic voltammogram shows various oxidative and reduction 
peaks, whereas in composite material, these peaks almost disappeared. The composite CV shows a nearly 
rectangular shape, which are typical for an electrical double-layer capacitive behavior. A gradual increase 
in the current with the increase in the scan rate is also observed. Notably, at the scan rate of 20 mV/s, 
the behavior can be compared with commercial high-power supercapacitor. Fig.1c shows a comparison 
between CrVO4 and rGO−CrVO4 at 5 mV/s, the three redox peaks appearing in CV of CrVO4 at −0.2768, 
0.3302,, 0.7377 V in the anodic sweep and three peaks −0.7138, −0.3284, and 0.3421 V in the cathodic 
sweep get disappeared in rGO−CrVO4 composite. Nearly a three times increase in capacitance is observed 
for rGO−CrVO4 composite (102.66 F/g) in contrast to CrVO4 (30.87 F/g) because of the increase in the 
surface area of the composite and availability of various conduction paths in rGO. 

Fig.1. Cyclic voltammograms of (a) CrVO4 and (b) rGO−CrVO4 composite at different scan rates and (c) a comparison between 
CrVO4 and rGO−CrVO4 at 5 mV/s.
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Magnetocaloric effect study of Pr0.67Ca0.33MnO3-La0.67 Sr0.33 MnO3 
nanocomposite

Pintu Sen, Kalipada Das1 and I. Das2
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It is a challenging task to develop a magnetic refrigerant having high value of RCP (Relative Cooling 
Power) working at room temperature. A nonocomposite of La0.67Sr0.33MnO3  (LSMO) has been  developed 

over Pr0.67Ca0.33MnO3 (PCMO)   by sol-gel route, to see the grain boundary disorder effect of PCMO  upon  
the spin suppression of LSMO  over a wide range of temperature around Tc. This is one of the prime 
factors required for high value of RCP.  The temperature dependent magnetization (M-T) study reveals the 
predominant ferromagnetic like ground state nature of the material at the low temperature regime. Though 
the numerical value of the entropy changes (-ΔSM ) is not very large in the present study but the ordering 
temperature (where maximum change of entropy appears) is approaching towards room temperature (Fig.1). 
Moreover a significant broadening of the peak is also observed, indicating appreciable enhancement of RCP 
(~ 300 Jkg-1). 

Fig.1. Magnetocaloric entropy changes as a function of temperature for different external magnetic field of the nanocomposite 
material

Redox behavior of the polymeric form of the carbon dots (pCDs)
Pintu Sen, Abhishek Sau and Samita Basu1

1Chemical Sciences Division, Saha Institute of Nuclear Physics, Kolkata700064, India

The electronic structure of the polymeric form of the carbon dots (CDs), is barely reported till date 
due to their highly complex nanostructured framework. This type of CDs are composed of multiple 

chromophoric units having sp2 carbon network with ‘>C=C<’ and αβ-unsaturated ketone (>C=C-C=O). 
Ruthenium doped CDs (i.e Ru:CDs) has been  preferred due to their thermal stability. It is quite expected 
that the complex formation with dithiothreitol (DTT), Ru:CD-DTTs will act as  a reservoir of excess 
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electron or proton due to the presence of highly π- conjugated nanodomain as well as numerous number of 
–COOH and -OH moieties. Therefore, cyclic voltamogramme CV) has been explored with an aim to study 
whether Ru:CD-DTTs can donate electron or proton to a model electron acceptor menadione (MQ) without 
any photo activation. Two reversible two-electron wave separated by 670 mV, are observed in case of MQ 
(Fig.1: Peak-1, 2). On addition of Ru:CD-DTTs in MQ (1.5M), the intensity of the cathodic current at -558 
mV increases by ~3 times along with a red shift of -258 mV (Peak-2 → 4). This is due to the reduction 
of MQ by protonation or electron transfer from Ru:CD-DTTs via the formation of Ru:CD-DTT:MQH2 
complex by Michel addition reaction. The corresponding positive Peak-3 of the complex at 0.19 V can be 
explained by the reverse oxidation reaction of the Ru:CD-DTT:MQH2 to Ru:CD-DTT:MQ.

Fig.1. Cyclic voltammogram for Ru:CD-DTTs, MQ (1.5 mM) and Ru:CD-DTTs-MQ complex in PBS buffer (10 mM; pH=7.2) 
[inset: schematics of redox couples]
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1.6 Health Physics

 Activities of Health Physics Unit, Kolkata (2017, 2018 and up to 
March 2019)

The Health Physics Unit of VECC is a part of Health Physics Division, BARC, Mumbai. It is providing 
radiological safety coverage during operation and maintenance of the cyclotron. No accidental radiation 

exposure was reported. In addition, following are the activities of this Unit in 2017, 2018 and up to March 
31st in 2019.

1.   Analysis and Certification of export and import items:

Several countries have imposed statutory requirements for the analysis of the radioactivity content (mainly 
Cs-137) in food and other items exported to those countries after Chernobyl Nuclear disaster. The imported 
milk and milk powder in India has to be tested for its radioactivity content. The permissible level in most of 
the food products has been set as 50 Bq/kg. 

In India, three DAE laboratories, one each in Kolkata, Chennai and Mumbai have been authorized in India 
to carry out analysis and issue certificates to importers and exporters. Analysis of radioactivity content and 
certification of radioactivity in food and other consumable materials are being carried out at Health Physics 
Unit, VECC. This is a revenue earning activity.

A total of 1145 samples have been analysed and the total revenue earning were Rs. 1,14,50,000 (Rupees 
One Crore fourteen lakh fifty thousand only) from January 1, 2017  March 31, 2019. Figures 1a and 1b and 
2a and 2b show respectively, the number of samples analysed and revenue earned in each month during 
2017 and 2018.
 
2. Emergency Response in Public Domain:

Basic Training Course on CBRN (Chemical, Biological, Radiological and Nuclear) Emergency Management 
for Airport Emergency Handlers”, was conducted from December 18 to 22, 2017 at International Airport, 
Kolkata. The Training program was a joint initiative of National Disaster Management Authority, Institute of 
Nuclear Medicine & Allied Sciences & Airports Authority of India being conducted at 12 Airports of India. 
ERC, Kolkata participated actively with rendering of lectures on radiological safety, table top exercises, 
Lost/Orphan Source Search and Secure Field exercise on19th December, 2017. Response with technical and 

Fig. 1(a): Monthly breakup of samples in 2017 Fig 1 (b):  Revenue earned in 2017
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knowledge consultative support was rendered by ERC, Kolkata team on 22nd December, 2017 when NDRF 
conducted a demo for group sensitization on Radiological Emergency Drill at Airport.

3. Health Physics Coverage at MCP:

The trial run for commissioning of 30Mev medical cyclotron with production of medical radioisotope 
FDG was carried out successfully on 16th September, 2018. Necessary support for radiation protection was 
provided during the whole procedure.

Fig. 2(a): Monthly breakup of samples in 2018 Fig 2 (b):  Revenue earned in 2018018

Neutron Dose Attenuation in the First Leg of Ducts for Point 
Neutron Source on Duct Axis

Varshitha K.S., R. Ravishankar

Health Physics Unit, Variable Energy Cyclotron Centre

Introduction: 

Ducts and labyrinths present in the shield wall provide a pathway for leakage of radiation and must be 
designed properly. This problem can be handled by Monte Carlo methods, analytical expressions or 

universal transmission curves.  Mauro and Silari[1] found that for a point source on the axis of the duct, 
universal transmission curves[2,3] and analytical formula by Tesch[4] hold true in the first leg of the duct 
for only ducts of large cross section(~1m2 or larger) and proposed an expression which is valid for smaller 
duct cross section. 

Method: 

Duct streaming problem is simulated using Monte Carlo code FLUKA[5] and compared with the formulas 
by Tesch,  Mauro & Silari and universal transmission curve for different position of 30 MeV isotropic 
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neutron source on the duct axis. Ambient dose equivalent at various points inside the ducts is estimated for 
a circular cross section duct of radius 15 cm. Distance from the source to the mouth of the duct, s is varied. 

Results : 

Transmission factor for different source distance  is calculated along the duct using FLUKA. Results are 
plotted in  Figure 1. 

Fig 1: Transmission Curve calculated using FLUKA, Tesch equation, Mauro & Silari equation and Universal transmission curve

It is observed that the transmission curve for the first leg depends on the distance of the neutron source 
from the mouth of the duct. Formula by Mauro & Silari and universal transmission curve do not take this 
into account. Even for smaller cross section ducts(<1m2) Tesch’s formula matches with simulations using 
FLUKA code  results for such cases : where  the distance of the source from the duct entrance   is less than 
the square root of cross section area of the duct. Universal transmission curve matches with FLUKA results 
when source is close to square root of cross section area but for large source distances dose attenuation is 
well described by Mauro & Silari formula. 
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K130 Variable Energy Cyclotron 
P.S. Chakraborty

Period: January – December, 2017: The K130 variable energy cyclotron has been delivering alpha and 
proton beam using an internal hot cathode ion source (PIGIS) for doing experiments in various disciplines 

of physical sciences. The cyclotron was shutdown in the middle of January, 2017 for commissioning of the 
axial injection beam line for heavy ion acceleration.

Heavy ion acceleration: After commissioning of the axial injection system and making necessary 
modifications in cyclotron central region, cyclotron sub-systems were made ON sequentially. A considerable 
amount of time was spent for modification of the inflector system to reduce the discharge current and 
conditioning. Internal beam of oxygen and neon were obtained after optimizing the central plug position 
with respect to mechanical median plane. For this a mechanism has been developed so that the central 
plug height can be adjusted without disturbing cyclotron vacuum within a very short period of time, thus 
reducing machine downtime. During beam extraction trial, it was realised that beam extraction may take 
some more time and since there were commitments to deliver light ions for INGA (Indian National Gamma 
Array) experiments along with other experiments, heavy ion extraction trial was deferred till first quarter 
of 2018. Internal PIG ion source was re-introduced while the central plug for heavy ion acceleration and 
the axial injection beam line was kept intact. The K130 cyclotron started delivering light ion beams for 
experiments from September, 2017. Following beams of various energies were delivered for experiments.

Projectile Energy (MeV)
Proton 7 - 10
Alpha 28 - 52

Operational performance and utilisation: Since most of the experiments were performed from September, 
2017 hence the operational performance of K130 cyclotron from September to December, 2017 is shown 
below. The facility has been utilised by the experimentalists of VECC, SINP, Materials Division of BARC, 
AchD/BARC, UGC-DAE-CSR-Kolkata, IIT-Kharagpur, BRIT/VECC, ISAC/ISRO etc.

2.1 Cyclotron Operation



Cyclotron Operation

89

Period: January – December, 2018: The K130 variable energy cyclotron has delivered alpha and proton 
beam using internal PIGIS till February, 2018 for doing experiments. Change over from internal ion source 
to external ECR ion source was carried out in the middle of March, 2018 for trial of heavy ion extraction. 
This time, heavy ions like oxygen (6+) and neon (6+) beam of 120 MeV and 150 MeV have been accelerated 
and successfully extracted from cyclotron. The external ECRIS is also producing light ions like alpha and 
proton beams. Alpha, oxygen, nitrogen and neon ion beams of various energies are regularly being used 
to produce radio-isotopes, material science study and nuclear physics experiments. Following beams of 
various energies delivered for the experimental purpose.

Projectile Energy (MeV)
Alpha 30 - 52

Nitrogen 135 - 142
Oxygen 116 – 162
Neon 145 – 202

Operational performance and utilisation: During the period January - December, 2018 cyclotron has 
delivered beam for about 42 experimental proposals out of which 9 experiments have been conducted by 
INGA group in January – February, 2018 using light ion beam from internal PIGIS and 10 experiments 
in August – December, 2018 using alpha beam from external ECRIS. The facility has been utilised by 
the experimentalists from VECC, SINP, Materials Division of BARC, AchD/BARC/VECC, UGC-DAE-
CSR-Kolkata, IIEST-Shibpur, Calcutta University, TIFR, University of Mumbai, Nuclear Physics Division/
BARC, CEBS - Mumbai etc. The operational performance of K130 cyclotron from January - December, 
2018 is shown below:

Period: January – March, 2019: The K130 variable energy cyclotron has delivered nitrogen, oxygen, 
neon and alpha beam using external ECRIS till middle of January, 2019 for various research programs. 
Then change-over from external ECR ion source to internal PIG ion source was carried out and cyclotron 
operation re-started after about a week. Proton beam was tuned and beam delivered in channel #1 on 
January 28, 2019. The experiments continued till March 13, 2019 and then a planned shutdown was taken 
for changing the deflector electrodes and other maintenance activities. 

Operational performance and utilisation: During the period January - March, 2019, cyclotron has mostly 
delivered beam in channel #1 and almost all the experiments were performed with 7 MeV proton beam of 
about 3-3.5 micro-amp on target. Beam availability during the above period was 1306 hrs (60.46%).
 



90

2.2 Accelerator Research & Development

Ion beam of solid elements from 14.45GHz ECR ion source
Nabhiraj P.Y., Ranjini Menon

High charge state heavy ion beams from gaseous elements developed in 14.45 Ghz ECR ion source 
are routinely being injected into K-130 Cyclotron.  Apart from these species of ion beams, there is a 

requirement of ion beams of solid elements from nuclear physics research community. Efforts are being 
made to cater this requirement and some preliminary developments are carried out using  MIVOC-method 
(Metal Ions from VOlatile Compounds).

MIVOC-method (Metal Ions from VOlatile Compounds) 
enables the production of highly charged heavy ion beams 
of solid elements mostly at room temperatures or slightly 
elevated temperatures. For this method, vapour from a 
volatile compound with solid element in their molecular 
structure is injected to the system which is broken up when 
enters plasma and ionized. Since there is a long capillary 
tube to feed these vapours in the plasma chamber, in order 
to avoid the condensation of vapour in this, it is required to 
maintain elevated and uniform temperature throughout the 
length of the capillary. In order to achieve this, a separate 
injection system is developed with heater inserted in the 
quartz tube and which in turn is coaxially inserted in 
the bias tube which is a central conductor of microwave 
injection system. Here bias and heater power supplies 
are galvanically isolated and floated on 10kV extraction 
potential. Figure 1 shows the MIVOC setup.

Iron, Sulphur, Titanium beams were successfully developed from Ferrocene, Carbon di-Sulfide and Titanium 
tetrachloride respectively. Along with the ion beams of Ti, Chlorine (35Cl and 37Cl) beams also could be 
obtained from TiCl4 . Preliminary spectra of Iron and Sulphur are given below.

Fig 2.  Sulphur and Iron ion beam spectrum

Fig 1. Experimental setup of MIVOC system

Sulphur Iron
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High Perveance Electron Collector of EBIBS

M.H. Rashid

An electron beam ion breeding source (EBIBS) including the electron collector (EC) has a rotation-
symmetrical geometry. The magnetic field is feeble inside the EC. The electron beam then has the 

opportunity to expand by space-charge and Busch’s theorem. 

The EC is electrically isolated from the rest of the system. Therefore, the electrons are born at the negative 
cathode potential and accelerated by the anode and the drift tubes, but as they approach the EC, they may 
be slowed down to potential somewhat more positive than the cathode one. The heat load generated by the 
incident beam is directly related to its kinetic energy with respect to the EC with the help of the reflector 
conical electrodes: e.g. a ~20 keV electron on a -30 kV reflector imparts only 5-15 keV of energy. 

Locating the heating in one spot could melt the copper-alloy material if it is operated at full beam power 
(10 A at 30kV). Instead, the magnetic field lines beyond the EC solenoid spread out, and the electrons, 
following the field lines, are absorbed by a much larger area of the EC surface. Additionally, chilled water 
is piped into the EC, where it passes through ducts within the copper and may extract up to 300 kW of heat. 
Another serious concern is the production of secondary electrons whenever energetic primary electrons 
impinge on the surface. The secondary electrons penetrating back into the main solenoid can adversely 
interact with the primary electron beam, generating the two-stream instability even if magnetized [1]. The 
electron suppressor is used to control the problem.

The extractor potential is approximately -10 kV. This high conductivity BeCu material for the EC was 
chosen because it provides longer fatigue lifetime. However, due to difficulties in electron beam welding 
of this material, we may also build a second EC from a Zr-Cr-Cu alloy. Some design parameters of the EC 
are mentioned in Table 1.

Fig. 1: The geometrical structure of the EC comprising the bucking coil, drift tube, reflector, etc.
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Table 1: Design parameters of the EC

S. No. Parameters, units Values
1.
2.
3.
4.
5.
6.
7.
8.
9.

Design power dissipation, kW (actual beam power  ~220 kW)
Area of inner cylindrical surface, cm2

Maximum removable power density, W/cm2 (reduced area) 
Water flow through the single channel, lpm
Diameter of the cooling channel, mm
Length of one cooling loop out of 10 parallel loops, cm
Pressure drop of cooling water on channels, bar
Output pressure of cooling water, bar
Total water flow through all cooling channels, lpm

300
2300
700
15
9

160
5
20
150

References
[1]  V. Burov, V. Kudelainen et al., Report No. CERN/PS 93-03 (AR), CERN (1993).

Digital Controlled Phase Shifted Full Bridge Series Resonant 
Converter

S. Pathak, A. De, M.K. Ghosh, M. Garai, S.K. Thakur

A 100 V, 5 A Phase-Shifted Full Bridge Series Resonant Converter operating at 110 kHz switching 
frequency with DSP based digital control system has been designed and developed to explore popular 

variant of soft-switching solutions to mitigate the ever-increasing demand for compactness of power 
supplies employed in various scientific fields like those used in accelerator laboratories. The schematic 
of the converter is shown in Figure 1. It’s comprised of a series RLC resonant tank. The power supply is 
regulated by varying the phase shift (ø) between the diagonally opposite power electronic switches [1]. 

Modelling and linearization of the converter was done using small-signal analysis around an equilibrium 
point [2] to derive the plant transfer function. The controller was optimized for required gain crossover 

Fig 1: Schematic of phase shifted series resonant Fig 2: Graphical User Interface (GUI)
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frequency and phase margin and then translated to the digital domain implementing a 32-bit DSP based 
embedded controller. A Graphical User Interface (GUI) was developed (Fig. 2) to interface the controller 
and tune the various parameters such as sampling frequency, switching frequency, controller transfer 
function, output voltage etc. 

      

References:
[1] Kazimierczuk et al., “Resonant Power Converters”, Wiley.
[2] M. Salem et al., “Modeling and Simulation of Generalized State Space Averaging for Series Resonant 

Converter”, Power Engineering Conference (AUPEC) 10 (2014)

 Fig 3: Test-bench set-up of 100 V, 5A power supply Fig 4: Scope data of the power supply

Development of 15 kV, 10 mA High Voltage Power Supply for 
the Inflector of K-130 Room Temperature Cyclotron

S. Pathak, M.K. Ghosh, S.K. Thakur

A 15 kV, 10 mA switch mode high voltage power supply with CV/CC control has been developed for the 
inflector of K-130 Room Temperature Cyclotron. The power supply incorporates a Push-Pull converter 

topology operating at 20 kHz switching frequency followed by a high frequency ferrite core step-up 
transformer and a 3-stage Cockcroft-Walton Voltage Multiplier for the generation of required high voltage.

  Fig 2: Power Supply during assemblyFig 1: (1) Gate Drive, (2) MOSFET Drain to Source, (4) 
Output Voltage
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The controller board is capable of CV/CC control by providing suitable duty-cycle controlled gate pulses 
to the power MOSFETs. Indications for active regulation type are provided in the front panel of the power 
supply. The controller is also has a protection block for overvoltage and overcurrent protection. The power 
supply can be operated remotely with parallel communication. For this purpose a connector is available 
at the output for the connection analog inputs (set points), analog outputs (output measurements), digital 
inputs (ON, OFF, reset commands) and digital outputs (ON, OFF, fault status). Two analog meters are 
provided for voltage and current monitoring as shown in the figure 3. The power supply is tested for the 
measurement of regulation, ripple and stability. The results are shown in the table below.

Table: Performance parameters of the power supply

Sr. No. Parameters Magnitude

1. Line regulation 0.07%

2. Load regulation 0.16%

3. Voltage stability 250 ppm

4. Voltage ripple (peak to 
peak) < 500 V

Fig 3: Front panel of power supply during testing
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2.3 Services

Renovation and upgradation of heat exchanger unit in LCW 
System for K-130 cyclotron.

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

In K-130 cyclotron LCW system, shell & tube type heat exchangers were in use for cooling the hot 
demineralised water from the cyclotron systems. These heat exchangers were around 35 years old and 

were highly damaged due to wear and corrosion of the mild steel shell which resulted in frequent breakdowns 
due to water leakage. Moreover the thermal efficiency of the heat exchangers were considerably reduced. 
Therefore, renovation and upgradation of the heat exchanger units were very essential for smooth operation 
of the cyclotron. In view of the above, shell & tube type heat exchangers ( Fig-1) have been replaced with 
new, compact, space saving,  plate type heat exchangers (Fig-2) with superior thermal performance. The 
overall heat transfer co-efficient (U) of these new heat exchangers are three to four times of that of shell 
& tube type and they are much easier to maintain with an option for expandability. The installation work 
involved removal of 5 ton old heat exchangers, modification of primary and secondary piping, including 
concrete foundation, due to dimensional differences between the old heat exchangers and the new units. 
Right now the new plate type  heat exchangers are operating successfully and performing very well.

Fig 1: Old shell and tube heat exchanger under removal stage Fig 2: Plate type heat exchanger
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Automation of LCW plant cooling tower
Tamal Kr. Bhattacharyya, Tanmoy Das, Rakesh Rakshit, Joydeep Mishra and Anjan Dutta Gupta

A project has been taken up to automate some of the important LCW plant operations. Initially, it is 
planned to achieve fully automatic LCW cooling tower sump filling and discharge operation. This will 

immensely help in better utilization of manpower involvement in routine operation of the plant. Detailed 
system requirement was evaluated and finally, the system is designed keeping in mind the operators’ 
requirements. The sequence of operations will be controlled by local programmable controller. Procurement 
of level transmitters/switches, pressure transmitters etc. have already been initiated. Design and fabrication 
of some of the components like water-proof level switches have already been taken up and undergoing final 
performance test before actual installation. The housing needs to be completely waterproof; since, it will 
be always immersed in water. Water leak tightness of the entire housing was ensured after repeated quality 
checking.

Fig. : Sump water level flow switch in position
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Design, Installation, Testing and Commissioning of Chilled 
LCW System for Injection line (ECR-3) of K-130 Cyclotron.

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

In addition to existing RTC LCW system, a chilled low conductivity cooling system has been designed, 
installed and commissioned for ion beam injection line (ECR-3) of K-130 cyclotron with flow inter 

locking facility. The performance of chilled cooling system is of crucial importance for smooth operation 
of injection line facilities. An imbalance of water chemistry, supply temperature, pressure & change in flow 
rate can have a direct impact on machine performance. Downtime of this LCW system for any reason can 
result in downtime of the ECR 3 system along with entire accelerator, therefore the chilled LCW system 
has been designed for ensuring operational reliability by proper selection of components and operation 
procedures. This ion injection system requires room temperature low conductivity water as well as chilled 
low conductivity water at 14 bar pressure with 20ºC (max) inlet temperature. To achieve these parameters 
of chilled LCW, two nos vertical, low noise and low vibration, high pressure booster centrifugal pump 
along with Plate type heat exchanger has been selected and installed (Fig.). Chilled soft water from chiller 
plant at temperature range 8ºC to10ºC is made to pass through secondary side of plate heat exchanger to 
produce chilled Low Conductivity Water. Chilled LCW has been supplied to different cooling component 
of ion injection system like injection coil, extraction coil & plasma chamber etc.  All the cooling lines are 
connected with individual isolation valves and Swagelok make hose & connectors to minimize the chances 
of leakage during operation of system.

Fig.: Chilled LCW system for Injection line (ECR-3)            
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Renovation and upgradation of RAW water Cooled pumping 
system for K-130 cyclotron.

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

Raw water cooling system is being used to cool the diffusion pumps of K-130 cyclotron. In existing raw 
water cooling system cast iron made two stage horizontal centrifugal pump having capacity 30   m³/

hr with 40mWC was being used. The existing pump was very old and due to wear and corrosion of the 
impeller the performance of the pump reduced considerably as well as due to frequent breakdowns, the 
pump replacement and renovation were very essential for smooth operation of the cyclotron. Therefore an 
improved version of pump with same capacity, lesser power consumption, space saving compact design, 
low noise and low maintenance type SS 316 make vertical centrifugal pump-motor set has been procured, 
installed and commissioned (Fig). This installation includes modification of mild steel base frame and 
concrete foundation due to dimensional differences between the old pump and new pump. Presently the 
pump is running smoothly and supplying cooling water to different equipments of vacuum system. 

Fig.: Raw water cooling pumps
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3.1 Computer and Informatics 

Indigenous development of 16-channel CSA ASIC for CPDA 
and GMDA

Manish Kumar Jha, Tanushyam Bhattacharjee, Pintu Maity, Amitava Roy

The Charged Particle Detector Array (CPDA) and Granular-charged-particle Multiplicity-filter Detector 
Array (GMDA) are developed at VECC to carry out basic research on experimental nuclear physics 

using cyclotrons. The front-end signal processing ASIC to handle large dynamic range, huge detector 
capacitance and low noise is not available readily for these two custom made arrays and hence customized 
ASIC was required to be developed indigenously. With this motivation, VECC has created the mixed-signal 
ASIC design facility to design different mixed-signal ASIC using deep sub-micron CMOS technology for 
in-house applications of VECC.

The design, fabrication and testing of a 16-channel Charge Sensitive Amplifier (CSA) was undertaken to 
support the front-end electronics of three different detectors for CPDA and GMDA. The 16 channel CSA 
ASIC (Silicon No: VECC-001), as shown in Figure 1, is the first ASIC designed indigenously by VECC. 
VECC-001 has the following specifications:

• 3 Modes of operation: CPDA (∆E and E Si strip detectors), GMDA (CsI(Tl) detector)
• Variable dynamic range (500 fC, 1200 fC & 4500 fC)
• High GBW OTA with  variable Phase margin compensation
• Low noise ≈ 1400e with 5.5e/pF slope
• Linearity < 0.2%
• Capable to handle high input capacitance ≈ 350pF
• Developed in 180nm CMOS SCL technology

The single channel CSA can operate in three different dynamic ranges and include a high GBW OTA to 
drive capacitive load followed by a source follower to drive shaper circuit. The phase margin of the OTA 
can be altered dynamically for different feedback capacitance of the CSA to minimize ripple at output. The 
typical output of the CSA is shown in Figure 2. 

Fig 1:16-channel CSA ASIC Fig 2: Typical CSA
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Augmentation of Computing Infrastructure
Gaurav Saxena, Partha Dhara, Surojit Saha, Monirul Purkait

A new high performance computing cluster has been procured, installed and commissioned to augment 
the existing computing infrastructure of VECC. The cluster has a theoretical peak performance of 92 

TFLOPS, which is achieved with 94 computing nodes having 24 cores per node. Each computing node has 
128 GB memory, which makes the computing system suitable for executing memory intensive tasks. The 
computing cluster, named Himalaya, has a very high speed interconnect network (Infiniband)which enables 
it to execute parallel jobs that require exchange of information between the compute nodes. The computing 
cluster is equipped with a scalable, high performance and distributed file system, Lustre, with a storage 
capacity of 500 TB.

Himalaya Computing Cluster at VECC

Path Planning for Autonomous Navigation of Mobile Robots in 
Indoor Environments

Surojit Saha, Biswajit Sarkar

In the previous year, we developed the capability of path tracking by a mobile robot in indoor environment, 
where the mobile robot tracked a predefined path for extended period of time. We have augmented this 

capability by adding the capability of path planning, such that the mobile robot is able to take a detour and 
come back to the desired path if it detects obstacles on or near the path. In this method, in every cycle, 
the robot perceives its environment through a laser range finder, and dynamically plans its path to its goal 
negotiating obstacles.
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In our approach, we consider a hypothetical goal, on the pre-defined path to be tracked by the robot. As 
the robot moves towards the hypothetical goal, the goal is advanced along the pre-defined path in the 
appropriate direction so that if the robot pursues the goal, it will move towards or along the desired path. 
The optimal path to the goal point is determined by exploring a potential gradient field, generated using a 
method due to Kurt Konolige [1]. The potential gradient field is built upon a local occupancy grid, centered 
at the localized robot pose. The local occupancy grid represents the current state of occupancy of the robot’s 
surroundings. An individual grid-cell can be in any of the following three states: occupied, free or unknown.

Using the local grid and a navigation function reported in [1], we compute a navigation cost for every 
cell in the grid. The navigation cost of a cell implies the cost of traversing through the corresponding cell. 
The navigation cost is computed in every cycle with the latest information of the local occupancy grid. 
The navigation cost thus computed for individual cells, represents the potential field value at every point 
in the local grid with the minimum potential being at the goal. This creates a gradient field in the local 
occupancy grid. Exploration of the gradient field gives us the optimal path from any cell in the local grid 
to the hypothetical goal point.

Experimentation of the above discussed path planning algorithm was conducted in VECC in a highly 
dynamic indoor environment using a Pioneer-P3DX mobile robot. By extensive experimentation we could 
establish the efficacy of the proposed method.

References
[1] Kurt Konolige, “A gradient method for realtime robot control”, In Proc. IROS-2000, pages 639-646, 

Oct 31-Nov 05, 2000, Japan.

Development of Sign Language Fingerspelling Translator

Pranab Singha Roy, Partha Dhara

We have designed and developed an American Sign Language Finger Spelling Recognition system that 
can be used to translate an image of a user’s signs into text in real time. We build the predictive model 

using Deep Convolutional Neural Networks and achieves state-of-the-art results to classify images from 
the alphabets and numbers in American Sign Language. We have conducted experiments on the publicly 
available standard benchmark sign language data set from the Massey University [1]. Some of the signs are 
shown in Figure 1.

Fig 1. ASL alphabets and numbers from Massey University Gesture Dataset 2012.
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During pre-processing, images are resized and different approaches of data augmentations like random 
combinations of translation, rotation, stretching, shearing and horizontal flipping of the images are taken 
for generating more data. This were then fed to the Deep 2D CNN model as shown in Figure 2, containing 
a stack of Conv2D, Activation, Batch Normalization, MaxPooling2D, Dropout and Dense layers. The 
network is trained with the back propagation gradient-descent procedure.

Fig 2. Our 2D CNN architecture for sign language recognition.

2D CNNs are usually applied on image dataset to extract spatial features and classify them. 2D CNNs learns 
the spatial hierarchies of patterns that are translation invariants. A convolutional layer usually contains 
multiple feature maps so that multiple features can be detected. In the subsampling layers, the resolution of 
the feature maps is reduced by pooling over local neighbourhood on the feature maps in the previous layer. 
Analysis of the epochs vs training and validation accuracy from Figure 3 and loss from Figure 4 reveals that 
our model is overfitting less. We attained a validation and test set accuracy of nearly 98%.

References:
[1] ALC Barczak NH Reyes M Abastillas A Piccio and T Susnjak. A new 2d static hand gesture colour 

image dataset for asl gestures. In Research Letters in the Information and Mathemetical Sciences 
pages 15: 12-20. Massey University 2011

TLD Dose Evaluation and Report Generating Software
Partha Dhara, Ayan Banerjee

The TLD dose is evaluated from the input data files generated by TLD reader using dose evaluation 
algorithm. The TLD dose is stored in SQLITE database and is displayed in tabular format using QT5 

GUI. The software is released on Ubuntu, Windows 7 and Windows XP.

 Fig  3.  Fig 4.
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Frontend display of dose evaluation software:

The QT5 framework in C++ is used as GUI for the entire software frontend and SQL is used in the backend 
to query and create database tables in SQLITE database which is communicated by a C language interface 
provided by SQLITE itself. There is feature of storage in CSV format and changing “Control Dose” manually 
and saving to database. Figure 1 shows the tabular display of the doses in the dose evaluation window.

Fig 1: TLD dose evaluation frontend.

Report generation window:

The QT5 QWebView widget is used for displaying the HTML and CSS report generated via database query 
using SQLITE API. The HTML and CSS files are also rendered in default web browser. The QPrinter API is 
used to print the report using the window displayed in Figure 2. The report can also be viewed and printed 
from the web browser. The SBAT format of the report has to be generated by this software only.

Fig 2: TLD dose report generation frontend.
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Installation of VECC fiber back bone and VPN connectivity to 
other campuses

Subhasish Pahari, Partha Dhara

It was decided, as a part of the disaster management plan for VECC IT infrastructure, to distribute all the 
critical IT services with redundancy among the Main building, C&I building and ANUNET building.

The activities of the Medical Cyclotron Project (MCP) at Chakgaria and second Campus of VECC at 
Rajarhat have been going on in full swing. It was required to extend the IT services and Internet connectivity 
to those campuses through IPSec VPN via 10Mbps leased line. 

Fibre backbone at VECC Campus:

High speed outdoor fibre connectivity with Main building, C&IG building and ANUNET building has been 
established. The fibre has been laid in a ring architecture to ensure availability of alternate route in case 
there is a cut at one part of the cable. 

 

 

Three switches at main building, C&I building and ANUNET building are configured in ring architecture. 
The Layer 3 switches are used for master and transit nodes to form Rapid Ring Protection (RRPP). The 
control VLAN is used to get the interface up/down notification to master node. The working VLAN 2 to 
250 are defined as protected VLAN. 

Establishment of VPN connectivity:

The IT services, Internet and Computing facility have been extended to the Medical Cyclotron Campus 
at Chakgaria and the Rajarhat campus of VECC. Secure IPSec VPN tunnel over 10 Mbps point-to-point 
leased lines from M/s BSNL have been commissioned between MCP to VECC and Rajarhat to VECC. 
 

Figure 1: Backbone fibre loop
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Gateways are used to provide VPN tunnel between pair of remote sites. The parameters which are configured 
between the gateways are Encryption, Authentication, Encapsulation-mode, encapsulation protocol, 
authentication method and key exchange algorithm.

References:
[1] https://tools.ietf.org/html/rfc6071&rfc4301
[2]http://networkgeekstuff.com/networking/rapid-ring-protection-protocol-hp-networking-stp-

alternative/

Implementation of Fusion Algorithms for Localisation of 
Unknown Radioactive Source using Multi-sensor Data

Ayan Banerjee, Kaushik Datta, Partha Dhara

Detection and localization of unknown radioactive materials have become a critical issue for environmental 
services, public health and national security. In real life applications, an unknown nuclear radioactive 

target can be considered either as a hidden radiological dispersal device (RDD, commonly known as dirty 
bomb) implanted by nuclear terrorists at any public place or as a leak of nuclear radioactive materials at a 
unit of nuclear power stations. A robust algorithm is required to reach a global decision about the location of 
a radioactive target in a region under surveillance by fusing information separately available from multiple 
sensors.

In the present year we have implemented various data fusion algorithms for locating single stationary 
unknown radioactive source using various techniques which include [i] Statistical Method based on 
Maximum Likelihood Estimation (MLE),[ ii] Ratio of Square Distances (RoSD), [iii] Particle Filter coupled 
with Mean-shift techniques and tested them in a simulated environment. 

Fig 2: VPN connectivity

https://tools.ietf.org/html/rfc6071
http://networkgeekstuff.com/networking/rapid-ring-protection-protocol-hp-networking-stp-alternative/
http://networkgeekstuff.com/networking/rapid-ring-protection-protocol-hp-networking-stp-alternative/
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All the above algorithms have been developed using Python and tested in a computer simulated 2-D 
environment which consists of 100 radiation sensors placed in a 10 X 10 grid with known co-ordinates (x,y) 
and a point radioactive source of known location and intensity. Particle counts per minutes (CPM) registered 
in each radiation sensor node have been computationally generated following Poisson distribution, mean 
value of which depends on the source intensity, distance between the source and the particular sensor 
and the efficiency of the sensor (which has been assumed to be constant for all sensors to simplify the 
calculation). Effect of background radiation is also considered in calculating total count of each detector. 
This fairly simulates a region where a network of 100 numbers of wireless radiation sensors is deployed 
in a grid form and each of the sensors captures radiation data (in CPM) due to presence of an unknown 
radioactive source placed in a random location in the region. In reality, data from each sensor will be sent 
to a central base station over wireless network for further processing by suitable algorithm.

The (x,y) co-ordinates of 100 radiation sensors and their respective count values are fed as input to the 
algorithm which processes them using data fusion techniques to finally predict an estimated location of the 
radioactive source and ,in some cases, the intensity of source and background radiation also.

Actual and predicted radioactive source position calculated using particle filter and mean-shift tecniques is 
shown below.
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Network Monitoring Tool and IDS/IPS Monitoring Tool

Subhasish Pahari, Partha Dhara

Network Monitoring Tools:
 

Open NMS is a free and open-source enterprise grade network monitoring tool for event management and 
notification of network equipment to network administrator. Open NMS contains an advanced provisioning 
system for adding devices to the management system. This process can occur automatically by submitting 
a list or range of IP addresses to the system. Outage information is stored in the database and can be used 
to generate availability reports. Performance data collection exists in Open NMS for a number of network 
protocols. Data can be collected, stored, graphed and checked against thresholds.

IDS/ IPS Monitoring tool:

Snort is a free open source network IDS and IPS. It has the ability to perform real-time traffic analysis and 
packet logging on Internet Protocol (IP) networks. Snort performs protocol analysis, content searching 
and matching.	 It is used to detect probes or attacks including operating system fingerprinting attempts, 
semantic URL attacks, buffer overflows, server message block probes and stealth port scans.

 
 

Fig 1: Dashboard of Open NMS tool

Fig 2: Interface configuration for Snort
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References: 

[1] https://www.snort.org/#documents    
[2] https://www.opennms.org/en/docs

Online Recruitment Portal for VECC

Partha Dhara, Monirul Purkait, Tapas Samanta

A new web portal https://recruitment.vecc.gov.in [Fig 1] has been launched to conduct the online 
recruitment for various posts at VECC. The web portal was originally developed by BARC computer 

division. The portal has been customized, audited and tested for VECC specific requirements. The portal 
also has been used recently for recruitment of Upper Division Clerk and Staff Car Driver (ordinary grade) 
posts. 

The whole website has been developed using JSP, HTML, JavaScript and CSS. The apache tomcat webserver 
has been used for deployment with Maria DB as backend database. 

The portal has role based access control. One recruit administrator account is created for each unit. The 
advertisement can only be posted by the recruit administrator. There may be multiple Administrative 
user accounts, who are responsible to create online application forms and screening criteria as per the 
advertisement. Admin users, in general, control the whole recruitment process.  

The candidates can register themselves in the portal using valid Email-id. They can fill and submit the 
application forms through their accounts. The forms are screened online.

The portal has secure login over HTTPS with valid certificate. The login page also has CAPTCHA for 
preventing automated brute force attacks. The site has been audited and tested by internal audit team.

Fig 3: Alert log entries for Snort

https://www.opennms.org/en/docs
https://recruitment.vecc.gov.in
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Overview of the Activities of High Performance Computing 
and IT Services Section in 2018

Dibyendu Koley, Subash Chandra Jena, Monirul Purkait, Surojit Saha1, Gaurav Saxena1,
 Kaushik Datta, Biswajit Sarkar

1Not with VECC presently

A new E-mail infrastructure with 3 rack servers and 10 TB SAN storage has been installed and 
commissioned with proper security safeguards and updated version of e-mail server software. E-mail 

service has been migrated to the new setup and deployed in production.

Hardware and software infrastructure of various IT services such as WWW, DNS, VECC Events Web server 
which are deployed in the Internet, have been upgraded with the introduction of virtualisation environment, 
HIDS solution, backup and centralised logging arrangement to ensure higher security and better disaster 
recovery.  Moreover, regular operation and management of all important IT services such as Web, DNS, 
E-mail, Proxy, DHPC, Backup, Private Cloud, Helpdesk system, Monitoring solution, File server, Antivirus, 
Event management portal, APAR, IPR, Koha and RFID-based Integrated library management system, 
Video conferencing etc. are carried out and user requirements regarding all these services are addressed.

Fig 1: Recruitment portal main page.
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A method for Simultaneous Localisation and Mapping (SLAM) for indoor mobile robotics was implemented 
which is reported separately.

Comparative study on various fusion algorithms for localization of unknown radioactive sources using 
multi-sensor data have been carried out by estimating localization errors (in simulated environment) under 
variable sensor grid size and intensity of radioactive sources.

A new HPC cluster named Himalaya, having a theoretical peak performance of 92 TFLOPS was released 
to the users after its successful installation and commissioning. Besides operation, maintenance and system 
administration, user support for the cluster was also extended.

Two new video conferencing facilities have been set up and an existing facility has been modernized and 
upgraded.

Implementation of a Simultaneous Localization and Mapping 
Method for Indoor Mobile Robots

Surojit Saha1 and Biswajit Sarkar

1Not with VECC presently

We have implemented a Simultaneous Localization and Mapping (SLAM) method based on the particle 
filter approach for indoor environments for a mobile robot equipped with a 2D laser range finder. 

Using this method, we are able to localize the robot on the map that it has built till the current time. We pre-
specify a goal (in terms of its x and y coordinates) in an unknown environment and the robot dynamically 
plans a path to the goal and also tracks the path using the localized pose obtained from the SLAM method. 
Eventually, the robot reaches its goal (destination) and in the process builds a map of the environment 
through which it has traversed.

   (a)       (b)

Simultaneous localization and mapping by a mobile robot in an unknown environment (a) Robot moving from its start 
location ‘S’ and reaching its goal location ‘G’. (b) Map built by the robot.

S

G
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Upgradtion of SCC Trim Coil Power Supply controls to EPICS 
Framework

Shantonu Sahoo, Anindya Roy, R.B. Bhole, Sarbajit Pal, Amitava Roy

The control and monitoring system of eighteen (18) Trim Coil Power Supplies (TCPS) is indispensable 
part of the control system of Superconducting Cyclotron (SCC). This system is up-graded on EPICS 

(Experimental Physics and Industrial Control System) platform to facilitate seamless integration with 
the control systems of other sub systems of SCC. The system architecture for TCPS control is shown 
schematically in Fig 1. It is a three layer control system. The lowest layer consists of eighteen (18) TCPS 
for the trim-coils of SCC. These high current DC power supplies, with integrated serial communication 
interface (RS-485), are are sub-grouped into three groups of six power supplies based on the physical 
location and interfaced with the cyclotron control LAN using standard protocol converters (Ethernet to 
Rs-485). 

 

The middle layer is comprised of Linux based EPICS Input-Output Controller (IOC). It is responsible for 
control and monitoring the power supplies over LAN as per user requirement. This IOC is also interfaced 
with four optical encoder based hardware knobs on serial interface for controlling the TCPS current. The 
top layer i.e. operator interface (OPI) of the system, shown in Fig 2, is developed using latest Java based 
EPICS OPI tool Control System Studio (CSS). The OPI is designed to operate some TCPS (i.e. 1A, 1B, 1C, 
13A, 13B and 13C) in harmonic mode also. There is provision for setting current based on user inputs of 
Magnetic Field and Phase after comparing with offline Look-up table.

Fig 1: System schematic Fig 2: Operator Interface
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Development of EPICS enabled Vacuum Gauge Controller
Anindya Roy, Partha Pratim Nandi, R.B. Bhole, Sarbajit Pal, Amitava Roy

The measurement of vacuum level using various gauges e.g. pirani gauge, thermocouple gauge, penning 
gauge, hot cathode gauge etc is an integrated part of the vacuum system for every particle accelerator. 

Although these gauges are available commercially, but the display cum control (DC) modules, which are 
the essential part of these gauges are customized as manufacturer specific. Hence difficulties arise while 
replacing faulty gauges of one manufacturer with other. Regular modification of the format of the DC 
control also creates technical difficulties.

To cope up with above problem, an intelligent module with state-of-the-art facilities like inbuilt LAN 
connectivity, embedded EPICS interface, web based configuration etc. is developed using ARM 9 based 
Single Board Computer (SBC) with Linux OS. The gauge controller has eight configurable gauge interfaces 
to interconnect gauges of various types e.g. pirani, penning, combination etc. from different manufacturers. 
It also has a front panel LCD display with control buttons for the configuration of gauge parameters (gauge 
type and manufacturer) and controller parameters e.g. IP address. The hardware configuration of the 
controller is shown schematically in Fig. 1. 

The embedded EPICS Soft-IOC of the controller provides seamless connectivity to the cyclotron control 
system for reading and controlling (ON / OFF) the gauges. In addition, an embedded web server publishes 
http web pages, as shown in Fig 2, for configuration and monitoring of the gauges. The performance of the 
controller is tested against a combination of standard gauge controller and combination gauge comprising 
of Pirani and Penning gauge of a reputed make. The controllers are in use in SCC and RIB project.

Fig. 1: Hardware configuration Fig 2: Web interface
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Installation of Optical Fiber based RTC Control Network
Rajendra. B. Bhole, Subhashis Pahari, Kasinath Manna, Anindya Roy, 

Tapas Samanta, Sarbajit Pal

The operation of the Room Temperature Cyclotron (RTC) is based on a network based distributed control 
system. An Ethernet based control network is used as the backbone of the RTC control system and the 

network is spread over various areas of the cyclotron such as control room, vault, pit, caves, ECR, electrical 
substation and LCW plant. Therefore high reliability and 24 hours availability of the control network are 
the key requirements to ensure round the clock operation of the cyclotron.  

To meet the above requirements, a dedicated fiber-optic Gigabit reliable Ethernet LAN is installed as the 
backbone of the RTC Control system. This LAN is designed to cater to single switch/link failure. The 
architecture of the LAN is shown in Fig. 1. The Central switch configured as Fail-safe stack mode is located 
in the main control room. There are floor switches at different locations in the RTC building. These floor 
switches are connected to the Central switch by laser optimized multimode fiber cable with operating 
bandwidth 4Gbps backbone designed as Distributed Multilink Trunking configuration.

The Installation and commissioning of the RTC control network are completed successfully within the 
planned shutdown period of the cyclotron. The RTC control system is being operated using this network at 
present.

Fig 1: The architecture of the optical fibre based RTC control LAN
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Prototype DAQ Setup for Low Mass Dark Matter Search at JUSL
Niraj Chaddha, Mala Das, (1Saha Institute of Nuclear Physics, Kolkata), Anindya Roy, Sarbajit Pal 

A prototype data acquisition system (DAQ) is designed and developed for a superheated droplet detector, 
consisting of superheated liquid C2H2F4 (R-134A, b.p. -26.3ºc), suspended in the gel matrix, as shown 

in Fig 1. 
 
This detector will be used for the search of rare events i.e. Weakly Interacting Massive Particles (WIMPs) 
in Dark Matter experiments at Jaduguda Underground Science Laboratory (JUSL). The interaction with 
background radiation causes the absorption of energy by the superheated liquid which leads to formation 
of vapour bubbles. The acoustic signal due to this bubble formation is detected with a piezoelectric sensor. 
This sensor is interfaced with a DAQ set-up for which design specifications are given in Table 1.

Parameter Value

Bandwidth 0 - 80KHz

Sampling 400 KSPS

Resolution 12 bit

Data length 25ms (10K samples)

Distribution 3ms before trigger, 
22ms after trigger

Gain 3000

The developed DAQ module, as shown in Fig 2 is comprised of two stage amplifications to attain a gain of 
approx 3000. Filters are incorporated to get a low pass cut-off at 80 KHz frequency. A 32 bit ARM based 
controller (PSOC) with a 12 bit internal SAR ADC at 400KSPS sampling rate is used to acquire the data 
from sensor. A level trigger by the signal from the sensor is used to initiate the data acquisition of total 25ms 
length which includes 3ms of data before trigger. The processed data-set is transferred to a VB based GUI, 
as shown in Fig 3, for storage and presentation using serial communication (RS232).

Table 1: Specifications of DAQ setup Fig 1: Superheated Liquid Detector

Fig 2: DAQ set-up with GUI Fig 3: One of the signals for bubble formation
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KANAAD - General Purpose Computing Server 
Partha Dhara, Ayan Banerjee

A new general purpose computing server, named as “KANAAD”, has been procured, installed and 
commissioned for the user community of VECC. This server fulfils the need of SMP (Symmetric 

Multi-processing) server with large memory which is a suitable configuration for executing single or multi-
threaded scientific codes run by VECC users. The system has been benchmarked with Intel SMP LINPACK 
at 2031GFlops for 64 threads. The rating of single thread is 47GFlops. The server’s hardware and software 
specifications are given below.

Fig. 1: Dell R930 4U Rack Server

Sr. No. Item Description Quantity Remarks

1 Server Model Dell PowerEdge R930 Server 01 No

2 Processor
Intel Xeon E7-8867 V3, 16 cores, 2.5 Ghz, 
45 MB Cache, 9.6GT/s QPI, TurboHT, 
165W

04 Nos. Total 64 cores without 
hyperthreading

3 Memory DDR4 Registered ECC RAM, 2133MHz 3TB Fully addressable from 
single process

4 Hard Disks 1.8TB 10K SAS Drives in RAID 5 with hot 
spare 15 Nos. 16TB user space

Table 1: Hardware specification

Sr. No. Item Description Remarks
1 Operating System CentOS Linux release 7.3.1611 (Core) Kernel 3.10.0-327.el7.

x86_64
2 Desktop environment XFCE4 (default), KDE

Display Manager: LightDM
XFCE4 is recommended 
for remote login

3 Compilers/ Interpreters Intel Compilers (Ver 15.0.2): icc, ifort
GNU Compiler (Ver 4.8.5): gcc, g++, gfortran.
OpenJDK (ver 1.8.0_121): java.
Python Ver 2.7.,ruby 2.0.0p648, perl v5.16.3

Table 2: OS and Software
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Investigation on the size of 2nd Muon Chamber Detector station 
with  CBM experiment @ FAIR

Ekata Nandy, Partha Pratim Bhaduri and Subhasis Chattopadhyay

The muon chamber (MUCH) system in CBM is dedicatedly designed for dimuon measurement from 
the decay of Low Mass Vector Mesons (LMVMs) and J/Ψ. The CBM-MUCH consists of a segmented 

absorber system interleaved with three detectors layers, known as stations, as shown in Fig 1. The Gas 
Electron Multiplier (GEM) will be used as active detector component  in the first two stations. For the 
3rd and the 4th  station use of Resistive Plate Chambers (RPCs) as active detector is under consideration. 
MUCH covers an angular region from 5.7º to 25º . Production of GEM modules for 1st station has already 
started and readout PCBs have been designed. For 2nd station, however, detector size optimization was 
required to meet the limitations due to the mechanical construction of PCBs larger than 90 cm. We have 
investigated the performance of MUCH dimuon detection, taking into account a reduced size of modules 
in the 2nd station.

 

Simulations have been performed within the CBMROOT framework with event generators PLUTO [1] 
and UrQMD [2] for generating signals and background respectively. GEANT3 is used for particle transport 
through CBM setup.   

 

η-φ acceptance coverage has been checked for the modified set-up and compared with standard set-up 
at 8 AGeV. Plots in Fig. 2 suggest no significant loss in acceptance for the modified set-up. Transverse 
momentum (pT) dependence of muon-pair reconstruction efficiency for ω at 8 AGeV and J/Ψ at 25 AGeV 
has been studied and the ratio of efficiencies for modified set-up to the standard set-up as a function of 

Figure 1: Sectional view of the CBM-MUCH 
geometry. 

Figure 2: η-φ acceptance of 
reconstructed ω at 8AGeV.

Figure 3: pT wise efficiency ratio of 
modified to standard setup of ω at 8 AGeV 

ω Standard Geometry Modified Geometry

Efficiency (%)
S/B

0.92
0.25

0.92
0.22

J/Ψ Standard Geometry Modified Geometry

Efficiency (%)
S/B

4.90
5.66

4.81
5.96

Table 1 : Efficiency & S/B for ω & J/ΨFigure 4: pT wise efficiency ratio of modified to standard 
setup of J/Ψ at 25 AGeV 

4.0 Instrumentation and Methods
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dimuon pT are  shown in Fig 3 & 4. This ratio is seen to be nearly constant. Finally we have calculated the 
pair reconstruction efficiency and S/B for ω and J/Ψ at 8 AGeV and 25 AGeV as listed in Table 1. From 
the comparison shown in the Table 1. drop in S/B for ω has been observed while the pair reconstruction 
efficiency remain nearly unchanged and for J/Ψ at 25 AGeV a drop in efficiency is noted but S/B improves. 
We can therefore conclude that a 2nd station of reduced dimension from 97 cm to 90 cm does not affect the 
performance of detection of ω and J/Ψ adversely.    

References:
[1] I. Froehlichet, et al.,Journal of Physics:Conference Series 219 (2010) 032039.
[2] S.A. Bass, et al., Progress in Particle and Nuclear Physics 41 (1998) 225.

Fabrication and testing of real size triple GEM chamber at VECC for 
mCBM (mini-CBM) experiment

A. Kumar1, A.K. Dubey, J. Saini, C. Ghosh, S. Chattopadyay

1VECC-HBNI, Kolkata

Large area triple GEM (Gas Electron Multiplier) detectors will be used for the first two stations of MUCH 
(Muon Chamber) in CBM (Compressed Baryonic Matter) experiment, which face high particle rate and 

harsh radiation environment. In the progress we fabricated two real size (80 cm x 40 cm) trapezoidal shaped 
triple GEM chambers using NS-2 (glue less) technique and tested with 55Fe source at VECC. This is the 
first prototype with realistic design (includes Optocoupler based HV scheme [1], bias arrangement for all 
72 segment of GEM foil etc.) as per the first station of CBM-MUCH. In this paper we report the fabrication 
and test with Fe55 of this chamber. Three such modules will be installed in mCBM[2] experiment at GSI. A 
CBM full system test-setup called mCBM@SIS18 (”mini-CBM”, shortened to mCBM) is presently being 
installed at the SIS18 facility of GSI/FAIR. The mCBM experiment will allow to test and optimize the 
performance of the detector subsystems including the software chain under realistic experiment conditions 
which will significantly reduce the commissioning time for CBM at SIS100.

Experimental setup and results

Two real size (~80 cm x ~40 cm) trapezoidal shaped triple chamber were fabricated at clean room of 
CPDA lab at VECC. Drift side of the module is shown in the Fig 1a (top) where we can see the HV lines 
for different segment of GEM foil. The readout side of the detector is shown in Fig 1a (bottom). Testing of 
chamber in the PMD lab of VECC is shown in the Fig 1b. Test result (55Fe spectrum) is shown in the Fig 1c. 
This is the first time we tested  large size chamber with Optocoupler based high voltage scheme.  
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	 							(a)           (b)           (c)

Fig 1. a) Fabrication steps in CPDA lab. b) Testing of chamber in PMD lab. c) Fe55 spectrum 

Further testing like gain uniformity, efficiency etc. is under process. 

References

[1] http://www.sympnp.org/proceedings/61/G30.pdf
[2] https://www.gsi.de/work/forschung/cbmnqm/cbm/activities/mcbm.htm

A lab setup for efficiency measurement of triple GEM detector 
using β-source

A. Kumar1, A.K. Dubey, D. Sil2,  S. Chattopadhyay

1VECC-HBNI, Kolkata
2Jadavpur University, Kolkata

An FPGA based, β-source test setup has been desined for the first time to measure the charged particle 
detection efficiency and its uniformity over a 10x10 cm triple GEM detector. Using β-source one can 

have large statistics in much shorter time as compared to cosmics.

Fig 1 : Left: Block digram of the experimental setup. Right: Picture of the setup in lab

http://www.sympnp.org/proceedings/61/G30.pdf
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Block diagram of the experimental setup and the actual picture is shown in Fig.1. A gap configuration of 
3/1/1/1.5 mm is used with strip readout. Signal was read out from 0.5 mm strips at a pitch of 0.7 mm and 
coupled to nXYTER self triggered electronics. Two scintillator detectors one on top and the other below 
the detector, provided the trigger. For HV=3400V, the distribution of time difference between two trigger 
scintillators and between GEM hits and the trigger is shown in Fig.2a and Fig.2b, respectively.  Variation of 
efficiency of GEM detector with high voltage is shown in Fig 2(c) and its uniformity over the entire surface 
in Fig. 2(d). A good uniformity is achieved across the surface.
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Radiation hardness testing of low voltage component for CBM 
much power supply.

Vinod Singh Negi, Jogender Saini and Subhasis Chattopadhyay

We are involved in building the muon detector (MUCH) for the compressed baryonic matter experiment 
at FAIR. The goal of this fixed target experiment is to explore the QCD phase diagram in the region of 

high baryon densities using high energy Au-Au collisions. The experiment will face high intensity and high 
interaction rate thus there would be a substantial incidence of gamma (20krad for 10 years of operation) 
around our detectors or electronics. All the electronics component are need to be tested for radiation hardness 
.Gamma irradiation test has been conducted at IUC Kolkata with cobalt 60 gamma irradiation facility with 
the dose rate of( > 200krad/hr.). Various Components were tested for expected gamma radiation level as 
shown in table below. For cooling purpose a fan was mounted just on the head of the device under test. 

DEVICES  GAMAA DOSE  NUNBER OF DEVICES SIZE
DC-DC CONVERTERS             600Gy                 4 1.6mm X 2.9mm
MULTIPLEXERS             600Gy                 4 1.6mm X 2.9mm
DIGITAL POTS             300Gy                 2 1.6mm X 2.9mm
CURRENT SENSING IC             250Gy                 2 3mm X 3mm
GATES             1000GY                 4 1.6mm X 2.9mm
APDS             100Gy- 5KGy                 8 30mm X 20mm
FEE BOARDS             UPTO 5KGy                 1 70mm X 60mm

During irradiation test voltages of device under test were monitored continuously. As shown in Fig, ADC 
digitized the real time signal from the sensors and fetch that data to Spartan-6 LX9 FPGA board as shown 
in figure. With the preliminary processing and data segregation. Field Programmable Gate Array (FPGA) 
send that data to computer via Chip scope pro Software. Mat-lab 2010a is used as back end software. Data 
segregation, data merging, data plotting scripts were written in mat-lab for thorough inspection of health of 
the component under irradiation.

We would like to thank Dr. Abhijit Saha and his team members from UGC-DAE CSR, Kolkata Centre for 
their support and cooperation.
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Development of MUCH Cooling system for mini CBM (mCBM)
C. Ghosh, J. Kumar, A.K. Dubey, S. Chattopadhyay

Introduction:

The mini CBM (mCBM) setup consists of a mini MUCH (mMUCH) system which contains 3 large size 
GEM prototypes with 2304 pads each. Each module is equipped with 18 MUCH-XYTER FEBs, almost 

7 K read-out channels in total. Each MUCH-XYTER FEB dissipates heat of 2.5 W, so a total of 45 W heat 
is deposited by each GEM module and in total 3 X 45 = 135 W heat is deposited by the 3 GEM modules. 
We have investigated some cooling arrangement to cool down each and every FEB uniformly for smooth 
and unbiased data taking.

Air Cooling Setup:

We have developed a dummy of the actual trapezoidal GEM detector with 18 FEBs. To simulate the heat 
sink of each FEB we have used 18 resistors, each resistor deposits 2.5 Watt of heat. We used one fan to 
extract the heat of each element as shown in the figure below. At first, the resistors are heated without 
any cooling and when all the resistor-temperatures get stable at high value the fan is switched on till the 
temperature of all the resistor goes down and get stable at lower value. The exercise was carried out for 
cases with a closed envelope at the non-parallel sides and without that. From the cooling results one can 
observe that the setup without any envelope performs better and it maintains all the FEB temperatures 
within 25°C to 28°C.            
  
 

Fig 1.a: Air cooling setup without envelope

Fig 1.b: Cooling performance without envelope Fig 1.c: Cooling performance without envelope 



124

Rectangular aluminum water channel cooling setup:

We have developed a water cooling system using some rectangular shaped water channels made of 
aluminium. The channels having a cross section of 6 mm X 22 mm and with an inner opening of 3 mm X 
10 mm for water flow. We have successfully welded three such aluminium channels in our VECC workshop 
to form a “U” shaped water channel. The dummy FEBs are placed on top of the water channel and chilled 
water is passed through it at a flow rate of 14 lit/hour. The input water temp was 19˚ C and the output water 
temp was 22.75˚ C, so this water channel is able to maintain the FEB temperatures around 20˚ C.  

Apart from the Air cooling and water cooling we also tried for peltier cooling. We used some 4 cm X 4 
cm peltier module placed on a 2 mm thick aluminum plate, but the temperature at different places on the 
plate varied by more than 8˚ C. The temperature of the aluminum plate in the vicinity of the peltier module 
goes below the dew point leading to formation of tiny water droplets which is detrimental for our detector 
electronics. The heat extraction from the hot side of peltier module was another issue we faced. Further 
investigation is going on in this front.

References
[1] Anand Kumar Dubey et al, DAE Symp. on Nucl. Physics. 61 (2016) 
[2] C. Ghosh et al, DAE Symp. on Nucl. Phys. 1062, G36, 62 (2017).

Parallelisation of cluster and hit Finding for the CBM-MUCH
V. Singhal, P. Ganguly1, K. Sarkar1, A. Tewary1, A. Chakrabarti1, S. Chattopadhyay,

A. Lebedev2, and V. Friese2

 1University of Calcutta, Kolkata, India; 2GSI, Darmstadt, Germany

In this report, we investigate the in-event parallelisation of the cluster and hit finding processes in the 
MUCH system, which are the first reconstruction tasks, to be executed before track finding. We used 

suitable parallel paradigms which are compatible with the CbmRoot framework. Since it was observed that 
the processes of cluster and hit finding are equally computational and I/O intensive, we did not consider to 
use co-processors like GPU for computation. 

A class CbmMuchFindHitsGem was developed to find clusters and hits. First, using both spatial and temporal 
information, neighbouring fired pads are grouped to form a cluster CbmMuchCluster. The centroid of a 
cluster is then used to construct a hit CbmMuchPixelHit. The implementation sorts the input raw data (digis: 
the smallest information unit of one readout channel) into a std::vector for each module. Cluster and hit 
finding in each module can then be executed independently and thus in parallel. The same class can be used 
for both the event-by-event and the time-based mode, the latter being compliant to free-streaming data.
 
All results based on event-by-event processing on a server with two Intel Xeon 2.4Ghz 12-core processors 
with hyper-threading enabled and 5GB/core RAM. Results were generated using simulated data from 1,000 
central Au+Au events at 35AGeV, generated by UrQMD.
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Parallelisation was implemented using the OpenMP and the BOOST parallelising library allowing to 
execute tasks in parallel on multiple threads. For optimising and work-load balancing of each parallel 
thread, we investigated different work-distribution mechanisms, like static and dynamic scheduling of 
digis for cluster finding and clusters for hit finding. We found that dynamic scheduling provided equal 
workload sharing among all threads. 

Figure 1: Execution time comparison for cluster finding (left) and hit finding (right) for a single event using the OpenMP and 
BOOST parallel paradigms.

Figure 1 shows the execution time per event as function of the number of threads for the OpenMP and 
BOOST implementations of the cluster and hit finding processes. We found that BOOST provided better 
timing results compared to OpenMP.  A maximum speed-up of about 5 can be achieved using 16 out of the 
possible 24 threads on the server. This is significantly smaller than the speed-up obtained by parallelization 
across events (running each event in a single thread). This assessment is likely to change when not only 
one event but an entire time-slice consisting of a large number of events is processed. Future work will thus 
focus on parallelisation within time-slices.

References
[1] V. Singhal et al., Proceedings of DAE Symposium Nuclear Physics 57 (2012), p. 972

Development status of Common Readout Unit at VECC for the 
ALICE detector at CERN

Shuaib Ahmad Khan and Subhasis Chattopadhyay

In order to extend the physics reach of ALICE and other experiments, the LHC is planning for an upgrade 
during Long Shutdown-2 (LS-2) in the year of 2019 and 2020. It will allow the ALICE detector to inspect 

the measurements of rare probes. After the LS-2 of LHC, the third phase (Run-3) will start in the year of 
2021 with much higher beam luminosities. The luminosities for Pb-Pb collisions at center-of-mass energy 
of 5.5 TeV will be increased by six times from the present value of 1027cm-2sec-1. The high interaction 
rate will result in a dataflow of ~3.3 TB/sec from the detectors to the Data Acquisition (DAQ) system. 
This is a major challenge for the experiment. To handle this high data rate; the upgrade of detectors, their 
readout electronics and the DAQ system in ALICE have been planned since the year 20l4 as shown in 
Fig1(a). The Common Readout Unit (CRU) is an integral part of the detectors and the DAQ upgrade. 
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CRU acts as an interface to the on-detector Front End Electronics (FEE), trigger and the DAQ system. The 
CRU as a hardware is identical for all the constituent detector systems in ALICE. However, the firmware 
for each CRU is sub-detector specific depending on the physics requirements. The data from the sub-
detectors are distributed among various CRUs. CRU has to perform versatile functionalities due to which it 
is implemented as reprogrammable board based on state-of-the-art 20nm Intel Arria-10 FPGA.

The ALICE CRU hardware framework depends on a solution where the CRU is directly plugged in to the 
PCIe slot of the DAQ servers. The ALICE collaboration made a joint venture with LHCb experiment for 
the custom developed hardware known as PCIe40 DAQ engine as shown in Fig1(b).

(a)                                                                           (b)

Figure 1: (a) ALICE detector with the markings of the planned upgrades (b) First CRU board (PCIe DAQ Engine) for ALICE 
(tested at VECC) 

Total 06 nos. of prototype boards were produced from three different production/assembling houses. The 
prototype boards are extensively tested and verified at VECC Kolkata; delivered to CERN for integration 
tests with the detector front end. This step also served as a survey for the eligible companies to participate in 
the mass production of ~300 CRU boards for the ALICE. All the produced, tested and verified CRU boards 
need to be delivered by the start of the Run-3 of ALICE. 

A real time sorting algorithm to time sort any deterministic time 
disordered data stream

J. Saini, S. Mondal, A. Chakrabarti1, S. Chattopadhyay

1University of Calcutta

In advance high interaction rate experiments, millions of free streaming high rate data sources are to be 
readout. Free streaming data with associated time-stamp can only be controlled by thresholds as there 

is no trigger information available for the readout. These high rate experiments are generally designed 
to probe rare particles of any specific physics interests. Hence most of data collected may not have the 
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useful information and even this full data set cannot be recorded due to limitation in disk writing and 
later on processing time. Therefore it is necessary to perform online processing of the data to extract 
useful information from the full data set before writing the data to disk. Without trigger information, pre-
processing on the free streaming data can only be done with time based correlation among the data set. 
Multiple data sources have different path delays and bandwidth utilizations and therefore the unsorted 
merged data requires significant computational efforts for real time manifestation of sorting before analysis. 
A new high speed scalable data stream sorting algorithm with its architectural design, verified through 
Field programmable Gate Array (FPGA) based hardware simulation. This algorithm uses parallel read-
write blocks with added memory management and zero suppression features to make it efficient for high 
rate data-streams. This algorithm is best suited for online data streams with deterministic time disorder/
unsorting on FPGA like hardware. 

   
          
 

Fig. 1 shows the flow chart of the algorithm which was implemented in the kintex-7 FPGA. This algorithm 
was simulated to work with 10gbps data rate as expected by data processing board of the CBM experiment 
and found to be working satisfactorily. Fig.2 shows a sample data in top chart where the chart is plotted 
with sample time stamp value v/s clock cycles of the FPGA. Bottom chart shows the values after sorting 
algorithm is applied. 

Reference:
[1] Jogender Saini, Swagata Mandal, Amlan Chakrabarti, Subhasis Chattopadhyay, “A real time sorting 

algorithm to time sort any deterministic time disordered data stream”, Journal of Instrumentation 
IOP Science. Site : http://iopscience.iop.org/article/10.1088/1748-0221/12/12/P12023

Fig.1 Algorithm flow chart Fig.2 Top chart shows unsorted data and bottom chart shows 
sorted data stream

http://iopscience.iop.org/article/10.1088/1748-0221/12/12/P12023
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Grid Computing Facility in Top Super Computers India List
Vikas Singhal on behalf of EHEPA Group

Grid Computing Facility at VECC consists 2 big computing clusters a) 
Kolkata Tier-2 @ ALICE and b) Grid-peer tier-3 cluster for Indian 

collaborators, other than heterogeneous computing infrastructure, DNS, 
Installation servers, Monitoring servers etc. For computing requirement at 
Kolkata Tier-2, market survey of new computing resources based on optimal 
configuration within limited budget was performed. After following due 
purchase process, during last quarter of 2017, 12 nos. of Dell FX2 Enclosures 
(2U form factor) comprising 48 nos. of Dell PowerEdge FC630 servers have 
been successfully procured and commissioned. Each enclosure comprises of 
4 nos. of hot swappable servers. Each server contains 2 number of Intel Xeon 
E5-2680 v4 @ 2.40GHz CPU with 14 core or 28 HT cores, 128GB DDR4 
2400MT/s RAM, 960GB Solid State Hard Disk and dual 10Gb Network 
interface. Figure 1: shows arrangement of powered up enclosures and servers 
inside a rack. For redundant, reliable and high throughput network connectivity 
between all the servers of Grid Computing Facility, 4 nos. of Brocade 10Gb 
Layer-3 48 port fiber switches with 4 * 40Gb uplink ports were procured in 
2016 and these switches configured with 48 servers accordingly. Figure 2: 
network diagram shows the redundant logical connection between new servers 
with existing facility such that single point of failure can be avoided.

Figure 2: Network connection between 4 Brocade fiber switches and 12 nos of Dell enclosures which contain 48 nos. of servers 
with existing facility.

After installation of Scientific Linux CERN (SLC6.8) on all the 48 servers High Performance Linpack 
(HPL) Benchmarking has been performed with Dell support. Theoretical Peak Performance (TPP) RPeak 
of the cluster is as follows:- 

Rpeak per server = # CPUs x CPU speed GHz x # cores per CPU x operation/cycle
  = 1075.2 Gigaflop (GF)  = 1.0752 Teraflop (TF)  (Single Server)

Rpeak for cluster = Single Server Rpeak x Number of servers in the cluster
  = 1.0752 x 48 TF            = 51.6096 TF

HPL benchmarking performed with Intel Parallel studio optimizations using default settings and achieved 
43105.8 GF or 43.1 TF for problem size (n) of 812224 using 48 node cluster which shows 84% of computing 
efficiency and achieved 1038.5 GF for problem size of 125720 using single server. With these results, the 

Figure 1: Powered up enclosures 
and servers
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commissioned 48 nodes cluster has been listed in the Top Super Computers in India list published during 
January 2018. This list is maintained by C-DAC, Bangalore.

http://topsc.cdacb.in/jsps/feb2018/index.html

5 fold increase in Computing Resources for Kolkata Tier-2 @ ALICE
Vikas Singhal on behalf of EHEPA Group

Kolkata Tier-2 site has been successfully running since its inception during 2003 - 2004 with its 
available resources which accumulated up to 480 Hyper Threaded (HT) cores of computing and 240 

TB of storage till 2017, which were quite below 
to the pledged computing and storage resources 
for ALICE. In this direction, planning, evaluation 
and procurement of new computing resources 
had been going during 2015-2017. As reported 
in 2017 progress report during Sep-Oct 2017, we 
successfully commissioned 12 nos. of 2U size 
enclosures with 48 nos. of servers, consisting 56 
HT cores and 128GB RAM in each server. To 
extract optimal performance from all together 
48 servers network interconnect plays a major 
role. For redundant, reliable and high throughput 
network connectivity between all the servers 
4 nos. of Brocade 10Gb layer-3 fiber switches 
with 40Gb uplink ports had been procured and 
configured accordingly. 

 
After benchmarking of the entire 48 nodes cluster, it is registered under Top Super Computers India list 
published by C-DAC Bangalore, during January 
2018 and also maintained its position in July 2018 
list. The cluster has been successfully configured 
with UMD-3 (Unified Middleware Distribution) 
according to WLCG (Worldwide LHC Computing 
Grid) and updated with ALICE experiment 
specific middleware tools. The cluster has been 
added with the existing Kolkata Tier-2 site. Figure 
1, from ALICE Monitoring Page (MonaLisa), 
shows that computing resources for Kolkata Tier-
2 have been increased by more than 5 times 
compared to earlier computing resources. After 
adding the above mentioned cluster into production 
with 10G backbone network connectivity, ALICE 
simulation and reconstruction jobs completed 
successfully within less than 1/5th time than earlier. 

Figure 2: MonaLisa ALICE Monitoring shows successful 
completed jobs during 9 years at Kolkata Tier-2.

Figure 1: ALICE Monitoring Page (MonaLisa) shows more than 5 
fold increase in number of active jobs at Kolkata Tier-2 site.

http://topsc.cdacb.in/jsps/feb2018/index.html
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Figure 2 shows successful completed ALICE jobs and explains that more than 3M ALICE jobs completed 
during year 2018 which is more than in number  of completed jobs in 5 year during 2013-2017.
 
During year 2018 WAN (NKN) network for Kolkata Tier-2 has also been upgraded from 1 Gbps to 10 Gbps, 
which resulted in optimal utilization of available resources.

mMUCH module installation, commissioning and testing in 
mCBM experiment at GSI

A. Kumar1, A.K. Dubey, J. Saini, C. Ghosh, V. Negi, S. Chattopadhyay 

1VECC-HBNI, Kolkata

In this contribution, we report the installation, commissioning and testing of mMUCH (mini-Muon 
Chamber) modules with Ag+Au collision at SIS18 facility. The mMUCH system consisted of two real-

size triple GEM modules, that were fabricated with final design parameters. These were locally tested with 
X-ray source before installation. 

Fig. 1. (a) mMUCH modules (area of one module ~1900 cm2) installed inside the cave. (b) Schematic of DAQ. (c)  Spill structure. 
(d) Time difference between GEM and one of the RPC detector. (e) Pulse height histogram

Experimental setup and results:

The picture of the detectors installed inside the SIS18 cave is shown in Fig. 1 (a). Detectors were placed 
25o from the beam axis. The left and right images show the downstream and upstream views respectively. 
The first GEM module (GEM1) was positioned at  ~128 cm and the other at ~150 cm from the target. The 
readout consists of ~1900 pads which have progressively increasing dimensions starting from ~3 mm in 
the inner (narrow portion of the trapezoid) region to about ~17 mm in the outermost region. Each module 
consisted of 18 Front End Boards (FEBs), and these were powered via LVDB boards developed at VECC. 
CROB boards (Common Readout Board) positioned close to the module, were used for the first time as 
part of the DAQ system. A ceramic resistive chain was used for biasing the GEM electrode. Thin Alumina 
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sheets were glued on the ceramic resistors for air-cooling. The detector was operated with Ar/CO2 (70/30) 
gas mixture. The schematic of the data acquisition system is shown in Fig. 1(b).  An Ag 45+ beam with 
varying intensity was incident on Au target of thickness 2.5 mm. The distribution of GEM hits with time 
(10 ms bin size), spill structure, has been plotted and shown in Fig. 1 (c). We observed a spill length of ~700 
ms while two consecutive spills were separated by ~2300 ms or ~3400 ms. The time correlation spectra 
between GEM and one of the TOF detector is shown in Fig. 1 (d). Fig. 1 (e) shows the pulse height spectra 
from the detector as measured by MUCH XYTERv2.0. The average particle rate as calculated from the spill 
structure by integrating the spill count divided by the spill-time and detector area comes out to be ~4.2 kHz 
cm-2. CBMROOT based Monte Carlo simulation has been performed to calculate the expected particle rate, 
and it comes out ~1.793 kHz cm-2. Data has been taken again in March 2018 from both the GEM detectors 
along with other detectors for varying beam parameters and detector settings, including some runs at higher 
intensities. Detailed analysis of data is underway.

Tests with optocouplers for their use in large size triple GEM 
module

A. Kumar1, A.K. Dubey, J. Saini, V. Negi, S. Chattopadhyay

1VECC-HBNI, Kolkata

In this contribution, we report the testing of these optocouplers. The main tests are 1. Radiation hardness, 
2. Stability towards spark, 3. Effect of detector gain and 4. Short segment test. 

Experimental setup and results:

An optocoupler is a device that transfers a signal between two isolated points. It uses a light emitting diode 
and light sensitive component. The schematic of optocouplers is shown in Fig. 1(a). Pin 1, 2 is the control 
side and pin 4, 5 is the load side of the optocoupler. In the actual case, one of the pin (say 4) from load will 
be connected to the power supply (one point of divider circuit), and another pin (say 5) will be connected to 
the GEM top electrode. We will use this device for isolating faulty segments of GEM foil. We have tested 
these optocouplers with Gamma dose of up to 60 krad (using 60Co source ) at IUC Kolkata. We observed an 
increase in the leakage current up to 1 μA at the time irradiation, but it restored to its normal value within 10 
minutes. Neutron irradiation test was done at BARC Mumbai up to 4.46 X 1012 neq./cm2, and no noticeable 
increase in the leakage current observed. 

Fig. 1. (a) Schematic of optocoupler. (b) Schematic setup for spark test. (c)  Picture of setup for spark test in lab. (d) Leakage current 
before and after spark. (e) Variation of gain with and without optocoupler.
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To mimic the effect of a short-segment, we manually shorted one of the segments of the GEM foil and 
tested the operation of optocouplers. At HV = 4550V branch current I = 688 μA at normal condition. 
After shorting one of the segments, the current increased to 754 μA. We switched off the optocoupler for 
the corresponding segment and observed that the current restored to its normal value (I = 688 μA).  Gas 
detectors are prone to sparks. So we need to test the stability of these optocoupler devices towards the sparks 
in GEMs. The schematic and picture of the experimental setup are shown in Fig.1 (b) and (c) respectively. 
We used a 10 cm x10 cm single GEM foil for the test.  The leakage current of optocoupler before and after 
the spark test was measured and found that the current in both the case has similar values as shown in Fig. 
1(d). Another important parameter is to study the effect of optocoupler on the detector gain. A 10 cm x 10 
cm triple GEM detector was used for this study. The photo-peak position from Fe55  source with and without 
optocoupler configuration has been measured, for three different  GEM voltages, as shown in Fig. 1(e).  The 
two gains remain identical as observed from Fig. 1(e).

In summary, we tested optocoupler for their use in powering large size segmented of triple GEM modules. 
Robustness against sparks and no adverse effect on detector gain has been demonstrated. 

PMD: Data taking in 2018 and decommissioning
Sanjib Muhuri, Sanchari Thakur, J. Saini, Rathijit Biswas1, S.K. Prasad1, 

Baidyanath Sahoo2, Ranbir Singh3

1Deparment of Physics/CAPSS, Bose Institute, Kolkata, India
2IIT Bombay, Mumbai, India

3NISER, Jatni, Bhubaneswar, India

Photon Multiplicity Detector (PMD) is a preshower gas detector designed, fabricated and built in India 
and commissioned in the ALICE experiment at LHC CERN. It measures inclusive photon multiplicity 

and its spatial distributions at forward rapidity (2.3 < eta < 3.9) on an event-by-event basis. Determination 
of reaction plane, measurements of elliptic flow, study of chiral symmetry restoration via the measurements 
of photons and charged particles in a common phase space and the study of critical phenomena near the 
phase boundaries via the measurements of fluctuations in global observables like multiplicity are some of 
the main physics goals of PMD. The detector was commissioned in the ALICE experiment at LHC in 2009 
and since then has participated in the data taking till end of 2018. The repair and maintenance of PMD were 
carried out at various stages during the technical stops to keep the detector running with maximum coverage 
and efficiency. 

In the year 2018 LHC collided proton on proton (pp) at 13 TeV and Lead on Lead (PbPb) at the highest 
LHC energy of 5.02 TeV. PMD participated in the LHC runs and collected data for both pp and PbPb 
collisions. For the PbPb collisions, PMD participated in 180 runs and collected about 200 million minimum 
bias events. The preliminary analyses of the collected data were performed for the quality checks and 
detector calibration. After a successful running for several years since 2008, PMD was decommissioned 
in December 2018.  The detector components were dispatched to VECC after radiation safety clearance. 
DAQ and readout systems used for ALICE-PMD are planned to be used for the R&D purposes for the 
ALICE upgrade programme.  PMD participated in data taking for all configurations of LHC running 
since 2009 as summarized in table below. Figure-1 shows the XY-distributions of clusters on PMD 
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preshower plane (a), correlation between PMD and V0 signals (b), ADC distribution of the isolated 
cells in preshower plane (d) and decommissioning of PMD (d,e). 

Colliding System √s (TeV) Year

Proton-Proton 0.9, 2.76, 5.02,7, 
8, 13

2010, 2011, 2013, 2015, 2016, 2017, 
2018

Proton-Lead 5.02, 8.16 2013, 2016

Lead-Lead 2.76, 5.02 2010, 2011, 2015, 2018
 

Development and testing of prototype calorimeter for the 
FOrward CALorimeter (FOCAL) upgrade  at ALICE, CERN

Sanjib Muhuri, Sinjini Chandra, Sourav Mukhopadhyay1, Jogender Saini, V.B. Chandratre1, 
R.N. Singaraju, T.K. Nayak2, Ton van den Brink3 , S. Chattopadhyay

1Bhabha Atomic Research Centre, Mumbai - 400085, INDIA
2CERN, Geneva, Switzerland.

3Utrecht University, 3844 CC Utrecht, The Netherlands

Introduction

The proposed Forward Calorimeter (FoCal) upgrade for the ALICE experiment at CERN, would extend 
the physics capabilities in the forward region. As an optimised configuration, a sampling type hybrid 

electromagnetic calorimeter has been designed using GEANT-4 geometry package, with silicon as detector 
and tungsten as converter/absorber [1]. A series of prototype detectors were designed and probed both with 
a radioactive source at VECC laboratory and at beam test facilities at CERN PS and SPS as already reported 
in earlier progress reports. Clear development of the MIP signal and the EM-showers for wide range of 
energies, along with linearity of measured energy with incident energy ensures satisfactory calorimetric 
performance. However, indications of saturations were seen in the energy distributions at higher incident 
energies, because of limited dynamic range (up to 600 fC) of the ASICs used. A new ASIC, named 
ANUINDRA was then developed and fabricated having large dynamic range (up to 2.6 pC) to overcome 
this saturation. ANUINDRA was tested with the full-depth prototype at CERN-SPS in July 2017.
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Prototype at CERN-SPS and Results

The prototype built at VECC has been tested at the T4-H8 beam line at SPS for a wide range of incident 
energies for different particles (20–150 GeV e-, 120 GeV pions 180 GeV muons). It consists of 20 tungsten 
layers, each 3.5 mm thick and 10cm x 10cm in transverse dimensions, sandwiched between 21 layers of 
silicon pad sensors and read-out electronics as shown in Fig-1. Each detector layer is a 6 x 6 array of 1cm x 
1cm Si-pad sensors fabricated on a single 6-inch, 0.3 mm thick wafer. Five detector layers (8th–12th) around 
the shower-max region, are read-out using the newly developed ANUINDRA ASICs whereas, MANAS 
chips were used for the rest. Analysis of the test beam data shows satisfactory calorimetric performances 
for the prototype with ANUINDRA. As expected, it could resolve the saturation effects, observed for higher 
incident energies (>20 GeV) in the earlier test beam with MANAS. Development of EM-shower initiated by 
electrons of different incident energies has been investigated and plotted in Fig-2 which shows a reasonably 
good discrimination capability of the calorimeter over a wide energy range. Also, a good linear behaviour 
of measured energy with respect to incident energy has been found as shown in Fig-3.

References
[1]. “Prototype tests of full-depth Si-W electromagnetic calorimeter for ALICE upgrade at CERN”, S. 

Muhuri et. al., DAE Symp. On Nucl. Phys. 2016.
[2]. NIMA, 764(2014) 24..S.Muhuri et. al

Low Resistive Bakelite Resistive Plate Chamber for Muon 
Chamber (MuCh) in CBM Experiment

M. Mondal, J. Saini, Z. Ahammed, S. Chattopadhyay

Bakelite Resistive Plate Chambers (RPC) detectors are proposed to be used in the CBM experiment as 
3rd and 4th station of the CBM-MUCH detector system. CBM uses self-triggered electronics as readout 

for all its detector systems. Hence RPC detector needs to be verified with similar kind of electronics to get 
approved for use in CBM experiment. In this regards, STS/MUCH-XYTER designed for STS (silicon) and 
MUCH (GEM) detector group of the CBM experiment is planned to be tested along with RPC detectors at 
CERN GIF++ experimental area for verification of detector efficiency at CBM specified particle intensity. 
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The dynamic range of the MUCH-XYTER is 60 fc and it has charge sensitive preamplifier (CSP) as the 
input stage, whereas the pulse height of the RPC in its normal operating range generates charge up to 1 pc 
and is used with voltage sensitive preamplifiers as the input stage of electronics. Hence the challenge is to 
operate the detector at low gain with maintained SNR to achieve the efficiency with controlled noise and 
maintaining the time correlation fluctuation within the acceptable range with CSP at CBM specified particle 
rate. The picture of the setup can be seen in the Fig.1 

Fig.2 shows the 128-channel MUCH-XYTER FEE boards modified to readout RPC detector as well as the 
logical pulses of the three-fold coincidence signal from the scintillators installed in the experimental cave. 
Fig.3 shows the pictures of two FPGA based data processing boards where one board was used for the data 
readout and control the front end board while other board was used for the timing synchronization of the 
whole system. The three-fold coincidence pulse from scintillators was used as a reference signal for the 
muon particles. With respect to these pulses time correlation peak of the detector was extracted as shown in 
Fig.4. With this setup, the efficiency of more than 95% was achieved with muon beam within the acceptable 
dynamic range of the electronics. The plot of efficiency v/s high voltage applied to detector can be seen 
from the Fig.5. The spill structure of the beam with muon beam only can be seen in the Fig. 6. 

Fig.1 Setup of low resistive Bakelite RPC at 
Gif++ at CERN

Fig.2 MUCH-XYTER modified to readout 
11 channels of RPC and 1-channel of 
scintillator

Fig.3 AFCK setup for readout and 
control.

Fig.4 Time Correlation Plot between 
trigger and RPC at 9500

Fig 5. Muon Detection Efficiency as 
function of voltage 

Fig.6 Spill structure of Muon beam at 
9500V
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RPC geometry and digitization implementation in 3rd and 4th 
Muon Chamber of CBM experiment

Ekata Nandy, Omveer Singh1, Vikash Singhal, Zubayer Ahammed and Subhasis Chattopadhyay

1Aligarh Muslim University, AMU

The muon chamber (MUCH) system in CBM is designed for dimuon measurement from the decay of 
Low Mass Vector Mesons (LMVMs) and J/Ψ. The CBM-MUCH has segmented absorber system with 

detectors placed in between them, called station. Till date, the proposed LMVM SIS100 set up for the muon 
detection consists of 4 hadron absorbers [60C, (20, 20, 30)Fe cm] and 4 detector stations. The Gas Electron 
Multiplier (GEM) will be used as active detector component  in the first two stations. For the 3rd and the 
4th  station use of Resistive Plate Chambers (RPCs) as active detector is under consideration as the particle 
rate is much lower at these locations. Additionally RPC is a low cost detector and can be built in large area. 
Hardware activity regarding RPCs is going on for its feasibility study. In simulation  RPC geometry and its 
response have been implemented, compatible with hardware requirements, and its performance have been 
checked.

We have implemented the RPC sector shape geometry & realistic digitization parameters in CBMROOT 
software for CBM set-up. Each module consists of 2mm RPC gas sandwiched between 2mm RPC glass 
electrode. Modules are arranged in staggered manners on both sides of a carbon support structure as shown 
in Fig. 1. RPC Gas composition : TetraFluorethan (C2H2F4) 85%, Sulfurhexa-fluoride (SF6) 10% & 5% 
Isobutane (C4H10) , presently used in simulation.
 

 

Realistic detector response have been implemented in simulation. The readout planes of the modules 
are segmented in pads for obtaining final detectable response. Digitization of RPC involves the detailed 
procedure of implementing the response of the gas detector to the energy deposition inside the chamber. 

Simulations have been done with GEANT3 as transport code with UrQMD [2] as background event 
generator and PLUTO [3] as signal dimuon generator. Fig 2 shows the Radial dependence of hit density 
(hits/cm2/event) distribution for station 1, 2, 3 & 4. The occupancies (Number of fired pads / total pads) of 
the detectors are within the limit. Fig 3 shows the final reconstructed invariant mass distribution of signal 
ω and combinatorial background.  Further work is going on to make the geometry and detector response as 
realistic as possible.

References:
[1] Technical Design Report for the CBM : Muon Chambers (MuCh), CBM Collaboration, GSI, 190 S. (2015)
[2] I. Froehlichet, et al.,Journal of Physics:Conference Series 219 (2010) 032039.
[3] S.A. Bass, et al., Progress in Particle and Nuclear Physics 41 (1998) 225.

Fig 2: Muon setup with RPC modules 
in 3rd and 4th station

Fig 1 : Hit density distribution in all 4 stations 
of MUCH

Fig 3: Invariant mass distribution of 
signal ω and combinatorial background
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A free streaming 2D readout GEM detector for X-ray imaging

Anand K. Dubey, Ajit Kumar1, Jogender Saini, Subhasis Chattopadhyay

1VECC-HBNI, Kolkata

We have successfully performed X-ray imaging of several objects using triple GEM detector using 5.9 
keV X-ray source in VECC lab. Shown in Fig (a) is the picture of the setup consisting of a 10 cm x 

10 cm triple GEM detector, connected to readout electronics on either side. The novel feature of the setup 
is the use of a triggerless system. A triple GEM detector consisting of 2D strip-readout was fabricated.  The 
256 strips in one plane were designed to have an angle of 15 degress stereo angle with those in the other 
plane. A thin kapton window allowed the radiations to pass through. The object to be imaged (a handmade 
phantom)  was placed on the top of the Kapton foil and 55Fe source was placed on top of this such that it 
covered the entire object, as shown in Fig.1(a). The signal from the strips was read out via 128 channel self 
triggered ASIC called nXYTER. This was connected to a readout controller which synchronized the signals  
being read out. A dABC based free streaming DAQ was used to acquire the data. The single photon hits or 
event by event photon signals were reconstructed by grouping the detector hits on the basis of their time 
stamps, in both the detector planes. Fig 1(b) shows one such object consisting of a concentric central disc 
and a ring, while Fig1.(c) denotes the channel-hit profile in individual planes, along with the final image as 
shown in the scattered plot. Images of objects with less than 1 mm separation conveyed the sub-millimeter 
precision of the device.  Recently, we could successfully image a portion of a fish skeleton. It is important 
to mention that a low radiation dose and low exposure time is often the thing desired in the imaging field. 
The effect of varying amount of radiation dose on the quality of image, along with the dependence on other 
detector parameters is under study. 

Fig. 1: a) GEM detector setup at VECC. b) Concentric circular objects as phantom  c) image of (b)

Fig. 2. a) Picture of the test setup at VECC. The fish-skeleton is kept just below the source. b) Reconstructed Image of the fish bones 
represented by the dark lines. source.  b) Image of the fish bones, shown by the dark lines.

(a) (b)
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Design and development of radiation hard low voltage power 
supply with fault–tolerant, error resilient control and monitoring 

system against radiation-dependent errors.
Vinod Singh Negi, Jogender Saini, Anand Kumar Dubey and Subhasis Chattopadhyay

Designing a low voltage power supply (LVPS) and a reliable control system for radiation environment 
is always a challenge. All the components of LVPS were individually tested under gamma and neutron 

radiation with the dose rate approximately 1000 times more than expected. LVPS has 15 output channelseach 
has dedicated dc-dc converter with over current sense and trip circuitry as shown in Fig.1.In-spite of using 
conventional switch (logic 0 or 1) 8 bit SPI control variable resistor (Digital-Pot) with non-volatile memory 
had been used. This scheme gives us redundancy in the hardware thus LVPS is radiation tolerance by design 
(radiation need to change status of at least four bit then only it will affect the state. Fault-Tolerant firmware 
for control and monitoring against radiation-dependent errorshad been developed and thoroughly tested 
for SEUs and SELs. Core of correction topology lies in two process redundancy, one control process were 
delayed by few clock cycles and output of both process is compared if both of them gives same output then 
only command goes to front end (LVPS hardware) otherwise it got rejected. Processes were routed in FPGA 
fabric at two different locations thus two fold coincident protection against SEUs. Periodic scrubbing of 
controller via FLASH (Golden copy) gives extra caution and more rigidity to firmware against radiation. 
Two LVPS boards with radiation hard component and fault tolerant firmware are running successfully in 
mCBM experiment at GSI Germany as shown in Fig.2. 

                                                                       

GUI application compatible with Linux and Window had been developed and being used for monitoring 
and control of 63 independent channels of at GSI as shown in Fig.3.

Fig.3: GUI for monitoring

Fig.1: LVPS Module  Fig.2: LVPS module installedat mCBMexperiment
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Development of Oil-free 6-gap Bakelite Multi-gap Resistive 
Plate Chamber

R. Ganai1,2, M. Mondal2, Z. Ahammed2, S. Chattopadhyay

1Bose Institute, Centre for Astroparticle Physics and Space Sciences, P-1/12, CIT Road, Kolkata, 
2VECC-HBNI, Kolkata

The MRPCs  being used in the experiments are mostly made up of glass electrodes. We have given an 
effort to develop MRPC with bakelite sheets available in the local Indian market and made an attempt 

to develop a 6-gap MRPC using bakelite electrodes without any kind of oil treatment. The outer electrodes 
are of dimensions 15 cm × 15 cm × 0.3 cm and the inner electrodes are of dimension 14 cm × 14 cm × 0.05 
cm. The MRPC was developed keeping in mind the potential application of MRPCs in Medical Physics 
especially in Positron Emission Tomography. The details about the MRPC can be found in reference[1].
The detector has been tested in a three scintillator coincidence set-up with a gas mixture of R134a:Iso-
butane::85:15 (by volume) flowing at a rate of ~0.21 liters/hour. 

Cosmic ray test results
We have measured the efficiency of the MRPC with cosmic rays at two different negative thresholds to the 
analogue signals of the detector. Figure 1(a) and 1(b) show the variation of the efficiency and noise rate 
as a function of the applied high voltage at 10 mV and 20 mV threshold. A plateau of > 85% efficiency 
was obtained for both the threshold values. For 10 mV threshold value, the plateau started from ~15.2 kV 
whereas, for 20 mV value, the same started from ~15.8 kV. The noise rate values for both the threshold 
values followed nearly a linear behaviour. It is seen from the figure that the noise rate at 10 mV and 20 mV 
thresholds are ~1.9 Hz/cm2 and ~1.3 Hz/cm2 respectively at 16 kV applied voltage. 

The time spectra of the MRPC have been recorded for 4 different values. The final MRPC time resolution 
(σcorrected ) has been extracted from the Gaussian fit of the recorded time spectra after removing the contribution 
of the three scintillators. Figure 1 (c) shows the variation of the time resolution of the MRPC as a function 
of the applied voltage at a signal threshold of 10 mV. The time resolution gets better with applied high 
voltage with the best value of ~0.160 ns.

   

 
  (a)                       (b)                                           (c)

Figure 1. Variation of the efficiency  (a) and noise rate (b) of the MRPC as a function of the applied high voltage at 10 mV and 
20 mV threshold. The error bars are within the marker size [1]. The scintillator corrected time resolution (ns) of the MRPC as a 
function of the applied high voltage at a discriminating threshold of 10 mV [1] (c).

References
[1] R. Ganai et al., JINST 13 P07022 (2018)
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5.1 Superconducting Cyclotron

Magnetic Median Plane Measurement in the Central Region of 
Superconducting Cyclotron (SCC)

Jedidiah Pradhan, Niraj Chaddha, Suvadeep Roy, V.K. Khare, R.B. Bhole, Anindya Roy,
Anjan Dutta Gupta and Arup Bandyopadhyay

The magnetic median plane in the cyclotron often does not coincide with the geometrical mid-plane of 
magnetic system. This leads to additional beam loss in vertical direction especially in the centre of 

cyclotron. The 3-finger probe measurement in the central region also indicate vertical shift of the beam. 
This vertical shift is driven primarily by the average radial field Brav but it is difficult to measure. The 
challenge of measurement lies to the cancellation of the crosstalk from very large vertical field component. 
In addition central region is very compact which imposes space limitation. Considering all these aspects a 
measurement system is developed comprise of stepper motor based drive for vertical movement of circular 
search coil and an off-the-shelf digital integrator (DI). 

The system is validated in a 3-D magnetic field mapping test bed using standard magnet and eventually 
applied to measure the magnetic median plane in the central region of SCC. The measurement shows the 
position of magnetic median plane is about 4.4 ±0.05 mm above the mechanical symmetry plane. The shift 
of median plane due to different asymmetric excitations of circular trim coil-0 under bucking mode is also 
measured.  The improvement of median plane is observed with more difference of upper and lower trim 
coil currents i.e. I(U)-I(L). All these observations correlate with the actual behavior of beam.   

Normalized counts under four different asymmetric excitations of circular 
trim coil-0 and corresponding median plane positions.

Mounted coil  in the central 
region of SCC
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Study of safe heating rate required during brazing of alumina 
ceramic disc

Sandeep Kumar Singh, Anjan Dutta Gupta, 

RF system of SCC consists of three no’s of Dee’s. It is placed inside the beam chamber and connected 
to RF amplifier through coupling capacitors. The coupling capacitor is designed to feed RF power up 

to 80 kW. This assembly con-sists of an annular disc of 97.5% alumina, metalized on inside and outside 
surface and brazed with an inner and outer conductor made of OFHC copper.  In this work, a  study was 
made to determine the safe rate of heating of the ceramic to keep the maximum hoop stress within allowable 
limit of about 50 MPa, with a factor of safety 4 (Max. Tensile strength - 200 MPa.)

In this regard analytical calculation has been done and the results obtained from the analysis are compared 
with the analysis done using FEA code.Brazing of alumina annular disc with hollow copper conductors at 
inside and outside of its cylindrical surface in vacuum furnace requires uniform heating rate to avoid any 
cracks in the alumina disc. Since thermal diffusivity of alumina decreases with increase in temperature, the 
temperature gradient varies with rate of heating. The brittle nature of alumina renders poor performance 
while subjected to tensile stress due to its lower tensile strength.Therefore, the maximum allowable 
temperature dependent tensile strength across the radius has been taken as the measure of determining a 
safe rate of heating of alumina disc without causing failure. A transient thermal stress analysis has also been 
carried out analytically, and results are compared with FEA code analysis, found a satisfactory result with 
permissible error.

In various literatures it has been reported that approx.  10 K/min can be taken as safer side of heating rate 

Figure 1: Radial temperature distribution for safe heating rate in order of 0.4 K/s

Figure 2: Radial stress for safe heating rate in order of 0.4 K/s Figure 3: Hoop stress for safe heating rate in order of 0.4 K/s



144

in case of alumina. In the present study, we’ve found out that up to 24 K/min (0.4K/s) heating rate is safer 
for the present geome-try and this will lead to reduce the thermal brazing cycle duration.

Renovation and upgradation of cooling tower pumping system 
for k-500 cyclotron.

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

Cooling tower system of superconducting cyclotron is being used as secondary cooling system to remove 
the head loads from the cyclotron to the atmosphere. In order to long term operation and exposure to 

highly corroded environment, the existing two old cast iron make centrifugal pump casing including its 
component such as impeller, shaft, sleeves, wear ring, casing etc. got badly damaged. Due to frequent 
failure of the pump, smooth operation is getting hampered and performance of the pumps also deteriorates. 
At the same time due to lockout of the manufacturer factory, the spare parts availability also became 
totally uncertain. To ensure availability of spares, extend the life and minimize downtime, two modified 
version high efficiency centrifugal pumps made of SS304 having same capacity are procured, installed 
and commissioned (Fig-1). This installation of pump includes modification of concrete foundation due to 
dimensional differences between the old pump and new pump, fabrication of piping, alignment of pump-
motor coupling and testing. Right now the pump is running smoothly as per system required flow and head.

Fig. 1 SCC cooling tower pumps
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Correction of first harmonic imperfection in Central region of 
K500 superconducting cyclotron

U. Bhunia†, J. Debnath, A. Datta, J. Pradhan, A. Agarwal, Chiranjib Das, Z.A. Naser, S. Paul, 
V. Singh, A. Roy, R.B. Bhole, N. Chadda, C. Nandi, S. Saha, M.K. Dey, A. Dutta Gupta, 

Arup Bandyopadhyay, Amitava Roy

The undesirable first harmonic component of magnetic field is the most important imperfection because 
it leads to displacement of the orbit center leading to emittance growth as the beam passes through nr-1 

resonance. Thus, it is very crucial to limit the amplitude of first harmonic fields imperfection to a few gauss 
(typically 5- 10 G level) to assure reasonable operating condition of harmonic coils.

Measured first harmonic of magnetic field and corresponding phase are shown in Fig. 1 & Fig. 2 respectively. 
It is observed that around 24-28 G of first harmonic field near the central region (peak at radius of 81-86 
mm) and also 45-50 G at the extraction region (near 650 mm radius) exist which is not acceptable for 
beam dynamics. The first harmonic peaks show a iron-produced component nearly independent of coil 
excitations. The phase of peak iso-gauss contour (24 G) of first harmonic field lies precisely on radial 
position near Large Hill Addition (LHA) of sector-C as in Fig. 1. 

First harmonic imperfection in the central region is removed by suitable trimming of iron in LHA. Field 
map after correction shows the first harmonic measured amplitude reduces to an acceptable level of below 
10 G as shown in Fig. 2. Detailed analysis about the origin of first harmonic field amplitude in extraction 
region indicates off-centeredness of main coil, hill shoe and coil tank. The direction of cryostat radial shift 
and its magnitude has been simulated with the calculated form factor of cryostat as whole so that first 
harmonic in extraction zone reduces to an acceptable limit of below 10 G. 

Figure 1: Polar plot of first harmonic field (in Gauss) 
contour and its phase (Red dashed)

Figure 2: Measured first harmonic amplitude
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5.2 Medical Cyclotron

30 MeV Medical Cyclotron at VECC, Kolkata
Team of Medical Cyclotron

A 30 MeV DAE Medical Cyclotron Facility has been established at Chalkgaria, Kolkata, by Variable 
Energy Cyclotron Centre. The cyclotron is of IBA-Belgium make CYCLONE-30 with five beam lines. 

Four of the five beam lines have been installed and beam lines 2.1 and 2.2 have been commissioned. Beam 
lines 1.2 and 1.3 are in the advanced stage of commissioning. The installation and commissioning of the 
beam line 1.1 and the hot cells for the PET and solid target stations are in progress. A test irradiation of 
enriched water sample and production of FDG has also been carried out. The main objective of the facility 
is to produce radioisotopes to be used in nuclear imaging for medical diagnostic and therapeutic purposes 
for cancer care[1].  The facility will also be used for various research and development purposes. 

At the heart of this facility is a cyclotron called CYCLONE-30, shown in Fig-1, procured from M/s Ion 
Beam Application, Belgium. CYCLONE-30 is a negative hydrogen ion accelerator.  The negative hydrogen 
ions produced in an external multicusp ion source is axially injected into the cyclotron. This is a fixed 
magnetic field, fixed RF frequency and variable final energy dual proton beam cyclotron. There are two RF 
cavities, called dees, to accelerate the negative hydrogen ions. At extraction radius carbon stripper foils are 
used to extract two simultaneous proton beams from the machine. The extracted beam energy is adjustable 
from 15 MeV up to 30 MeV and the beam current is tuneable up to 350 µA.  At this pre-commissioning 
stage, it has been tested purposefully up to 7 µA to keep the radiation level low.

Fig. 1: Cyclone-30 at Medical Cyclotron Facility, Chakgaria, Kolkata.
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The cyclotron magnet, weighing about 50 Tons, has four hill-
valley sectors and a deep valley configuration. In the ‘hills’, 
the pole-gap is reduced to an optimum value to produce a 
substantially concentrated magnetic flux density, whereas in 
the ‘valleys’ the gap is very large so that the magnetic flux is 
essentially null. This ensures good focusing of the accelerated 
high-current beam and low beam-loss, hence less readio-
activation of the components. Access to the median plane is 
achieved easily by lifting the top part of the cyclotron yoke 
on two hydraulic jacks.

A multicusp ion source (fig 2a) is used to produce H- beam 
of 35keV energy and maximum intensity of 5mA. A diffusion 
pump and a turbo-molecular pump are used to maintain about 
10-7 mbar pressure at the injection beam line. The beam is 
bent in to the median plane of the cyclotron with the help of 
a spiral inflector (fig. 2b). The copper cavities and 30º Dees 
(accelerating electrodes) are entirely located in the valleys 
supported by vertical stems, reducing the total capacitance, as 
shown in figure 3. The Dees operate in phase, on 4th harmonic 
mode with respect to particle revolution frequency. The Dees 
are fed power from an RF amplifier (with maximum 40 kW 
output), installed just next to the cyclotron magnet, through 
capacitive coupling. 

There are two stripper systems (one of them shown is in 
fig 4) for beam extraction installed at two opposite sides of 
cyclotron. There are two beam lines on one side and three 
on the other side of cyclotron. Two beam lines will be used 
for irradiating solid targets (Ga, Tl), one for PET targets (fig 
5) and rest of the two beam lines will be used for various 
R&D experiments. The beam spot on the beam-viewer probe 
during test operation of the facility is shown in fig-6.

Fig 2a: Multi-cusp Ion Source

Fig 2b: Spiral inflector

Fig. 3: Two Dees installed in two opposite valleys are directly 
connected at the central region. RF power is fed in to one of the dees 
by coupling capacitors. Fig. 4: Stripper System.
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Beam lines 1.2 and 1.3 are already installed and in the advanced stage of commissioning. The installation 
and commissioning of the beam line 1.1 and the hot cells for the PET and solid target stations are in 
progress. Some pictures of these beam lines and also hot cells at the installation stage are given below.

Fig 5. Beam line for PET target. Fig. 7.  Beam spot on the beam-viewer.

Fig 8 (a). Beam line 1.3 entry into cave

Fig 9. Beam lines 1.2 and 1.3

Fig 8 (b). Beam line 1.3 (2 parts) inside cave

Fig 10. Beam lines 1.2 at -10m level
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Reference:
[1] DAE Press Release No. 5/2018 dated September 18, 2018.

Fig 11. Installation of various Hot Cells (SPECT & PET)

Table – 1
Isotope 

(T1/2 Hrs)
Nuclear Reaction

Energy 
(MeV)

Current 
(µA)

Ga-67     
(78.3)

68Zn(p, 2n) 67Ga 28.5 200 *

Tl-201    
(73.5)

203Tl(p,3n) 201Pb, (9.4h)
→ 201Pb (EC/β+)  201Tl 28.5 200 *

In-111     
(67.9)

112Cd(p,2n) 111In 28.5 200 *

F-18        
(1.8)

18O(p, n) 18F 18 40

*woobling beam

In India, few low energy cyclotron 
installations have also been producing 
PET radioisotope 18F. However, there 
is increasing demand for other useful 
radioisotopes namely, 201Tl, 123I, 111In, 
67Ga etc. which have longer half-life. All 
these radioisotopes require higher energy 
for their production through a specific 
nuclear reaction as shown in Table-1. The 
DAE Medical Cyclotron Facility will meet 
this huge demand of all over India and with 
a potential export capacity also.
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5.3 Radioactive Ion Beam

Installation of beam-line between 2nd and 3rd Linac module in 
RIB facility and acceleration of Nitrogen beam to 5.8 MeV 

Arup Bandyopadhyay, Siddhartha Dechoudhury, Manas Mondal, H.K. Pandey, D. Lavanya 
Kumar, T.K. Mandi, D.P. Datta, M. Bhattacharjee, C. Giri, S. Masum, S. Haque, Vaishali Naik, and 

Alok Chakrabarti

In the Radioactive Ion Beam (RIB) facility that is installed in one of the experimental caves of the K130 
cyclotron, so far ion beams have been accelerated using a Radio Frequency Quadrupole (RFQ) linear 

accelerator and two modules of Heavy-Ion linear accelerator (Linac). The existing beam-line has been 
extended up to the third Linac module L3 (figure 1). The new beam-line is around 20 m long and has two 
sections – first section up to the wall of HR Cave-2 comprises two re-bunchers, twelve quadrupole magnets, 
one 90˚ dipole magnet, associated beam-tubes, diagnostics boxes and vacuum pumps. The second section 
in the adjacent cave (HR cave-1) connects the beam-line from the wall up to Linac-3. 

Figure 1.

The beam-line in Cave-2 consists of six quadrupole magnets, one rebuncher, beam-tubes, diagnostics 
boxes, vacuum pumps and Linac-3 module.  Prior to installation of new portion, the alignment of RFQ, L1 
& L2 and associated beam-line components was re-checked and finally the alignment of components in the 
beam-line from up to Linac-3 was done. The newly installed portions in section-1 and section-2 are shown 
in Figure 2 and Figure 3 respectively. 

K130 Vault

ECRIS

L3

Installation of beam-line up to 3rd Linac module completed & 
Nitrogen beam accelerated to 5.8 MeV

Installed 
recently

Wall 

HR cave-2

HR cave-1

Annex 
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Figure 4

Beam test results 

Beam of 14N4+ has been accelerated in the facility and measured on Faraday cups (FC) at various locations 
shown in Figure 4. Typical beam current for 4 MeV beam (after L2) was around 750 nA measured on 
faraday cup FC8 placed near entry of wall. A 5 mm diameter aperture collimator slit is placed before FC2 
to define the beam as it enters the acceleration section. The rf power in ECR, RFQ, L1, L2 was respectively 
250 watts, 2.8 k watt, 1.5 k watt and 1 k watt. The ECR ion source frequency is 6.4 GHz whereas the 
accelerators up to L2 operated at 37.87 MHz with frequency of L3 being 74.7 MHz.  

The beam has been first optimized on FC8 after sequentially switching on and optimizing the accelerators 
up to L2 and thereafter transported to the end of L3 where faraday cup FC10 is placed. The RFQ accelerates 
the beam to 1.4 MeV whereas the beam energy after exciting L1 and L2 is 2.6 MeV and 4.0 MeV 
respectively. The measured transmission efficiency till FC8 is around 83% with respect to entry of RFQ. 
The transmission efficiency between FC8 and FC10 is poor and for correcting this a steering magnet is 
being installed between the two sections. It may be mentioned that the FC2, FC8 and FC10 are identical 
faraday cups made with copper with an aperture of 24 mm and depth of 30mm and the data is without 
electron suppression. 

After transporting the 4 MeV beam to Faraday cup FC10 placed after L3, the two rebunchers as well 
as quadrupole magnets placed between L2 and L3 were tuned and rf power was optimized in L3. The 
measured beam current on FC10 was 100 nA in this case.  After beam current measurement, we roughly 
estimated the beam energy by placing a 3.9 micron Aluminum foil in front of the faraday cup. 4 MeV beam 
with RFQ, L1 & L2 energized, L3 off stopped in this foil as its range is 3.3 micron ; then L3 was switched 
on so that beam energy goes to 5.8 MeV. This beam is transmitted through the foil and beam current was 
measured on Faraday cup. 

Figure 2 Figure 3
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Table1. Typical measured 
14

N
4+

 beam current during tests

Energy 
(MeV) 

Beam current (nA) 

Before 
RFQ FC2

After 
RFQ FC5

After D2 
FC8

After L3 
FC10

5.8 800 700 500 100

Report on the Activities of Target Laboratory
D. Bhowmick, S. Mitra, S. Masum and V. Naik

All the facilities and resources of the target laboratory were put to continuous use and about 120 
targets were supplied to the users for nuclear physics and material science experiments. This included 

supplying some ready stock foil targets e.g. Zr, Nb, Cu, Ni, & Pt disc. The details of some of the targets are 
summarized below.

1. Vacuum evaporated targets:

LiF with aluminum back target of about 400µg/cm2 was prepared by vacuum evaporation technique. Self 
supporting Cu of 9 mg/cm2 thick and Au of 5mg/cm2 thick have been developed. All these targets were 
used at VECC. High purity 130Te target of thickness ranging from 2 to 6 mg/cm2 have been deposited on Al 
backing for Nuclear Physics experiments for RCD, BARC as well as for TIFR.

Self supported carbon stripper foil of thickness 120-150 µg/cm2 has been developed with a special care for 
RIBFG for additional charge stripping of heavy ion for further acceleration in the RI beam line. Thickness 
measurements are usually done by α-attenuation technique.  Size of the carbon foil is 10 mm x 10mm. 

2. Centrifuge targets:

Bi(NO3)3  and Tl2CO3, each of 3 mg/cm2 thick are produced on aluminum backing for the requirement of 
SINP using centrifuge. Sb2O3, CaCO3 with various thicknesses starting from 7 mg/cm2 to 10 mg/cm2 on 
aluminum backing for the purpose of BRIT have been supplied. TiO2 + MnO2 composite target of thickness 
5 mg/cm2 of 10 mm dia have been made for Visva Bharati University. AlCl3 & CoCl2 of thickness 4 mg/cm2 
were developed for HPU, BARC.

Beam spot measured on a beam viewer place after L2. 
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Development and utilization of 11B beam for Material Science 
Research

Doddi Lavanyakumar, Homnath Liutel, Mahuwa Bhattacharjee, C. Giri, 
S. Masum, S. Haque, Dirtha Sanyal, Vaishali Naik

The boron (Boron-11) beam has been developed in sputtered ion technique in the 6.4 GHz ECR of the 
RIBFG. With an extraction energy 10 keV and output beam current of typically 100 nA is measured on 

a faraday cup at the focal plane of the dipole magnet. Boron beam of two different fluences (1×10^13 and 
5×10^14 per square cm) has been implanted on different samples mainly ZnO, TiO2 and CdO. The aim is to 
study room temperature ferromagnetic ordering as well as the P-type conductivity. Our calculations suggest 
that partial substitution of the oxygen atom by boron, can induce room temperature ferromagnetism of > 2 mB 
in ZnO. Figure 1 shows the calculated effective magnetic moment in different element doped ZnO and the 
local magnetic density distribution in BO implanted CdO by ab-initio calculation in the framework of Density 
functional theory. The implanted samples have been characterized by different conventional techniques like 
XRD, SEM etc. The final magnetic measurement using SQUID and the optical characterization using low 
temperature photo luminescence is under process. 

Target User
VECC

SINP

BARC

TIFR

UNIVERSITY

Sl. No. Instruments Hours

1 Centrifuge 240

2 Vacuum Deposition Unit 300

3 Ball-Mill-Grinder 176

4 Pressurized Pelletizer 200 nos

5 Ultrasonic Vibrator 160

Fig. 1 Distribution of Users. Table 1. Uses of Various Instruments.

Figure 2.Figure 1.
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Study of chemical modification and nano-patterning on mica 
surface using low energy ion beams 

Deepak Bhowmik, Doddi Lavanyakumar, C. Giri, S. Masum, S. Haque,  Prasanta Karmakar,
 Vaishali Naik

Experiments related to low energy Ar+ and N+ ions implantation on mica surfaces have been done and 
physico-chemical changes are studied. Mica group represents 37 phyllosilicate minerals that have a 

layered texture and display a variety of commercial applications. 

Aim of this study is chemical modification and nano-patterning on mica surface using low energy ion 
beams that has potential surface science and bio science applications. Investigation of virgin and irradiated 
mica surface by Atomic Force Microscopy and X-ray photo-electron spectroscopy show that the nano 
patterns and chemical composition of the surface are altered simultaneously. Beams of 12 keV Ar+ and N+ 
with fluence 3´10^17 and 5´10^17 ions/cm2 respectively 
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Figure 1. AFM images of (a) 12 keV Ar irradiated mica surface with fluence 3×10^17 and (b) 12 keV N irradiated mica with 
fluence (a) 5×10^17 ions/cm2. X- ray photoelectron spectra (XPS) for 12 keV Ar bombarded mica with fluence  5×10^17

Positron annihilation spectroscopic characterization of defects 
in wide band gap oxide semiconductors

A. Sarkar1, Homnath Luitel, N. Gogurla2 and D. Sanyal

1Department of Physics, Bangabasi Morning College,
19 Rajkumar Chakraborty Sarani, Kolkata 700 009, India

2Department of Physics and Meteorology,
Indian Institute of Technology, Kharagpur 721302 India

Annealing effect of granular ZnO has been studied by Doppler broadened electron positron annihilated 
γ-ray (0.511 MeV) line shape measurement. Ratio curve analysis shows that granular ZnO samples 

contain both Zn and O vacancies. Such defects exist as agglomerates of several vacancies and start to 
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recover above 400 oC annealing as in Fig. 1.  It has also been observed that due to annealing temperature 
difference of 125 oC (from 325 oC to 450 oC), huge change occurs in low temperature photoluminescence 
(PL) of ZnO. Significant reduction of free to bound (FB) transition ~ 3.315 eV is observed for increasing the 
annealing temperature. It has been conjectured that ~ 3.315 eV PL in ZnO is related to particular decoration 
(unknown) of both Zn and O vacancies. The methodology of revealing defect-property correlation as 
employed here can also be applied to other types of semiconductors. 

Fig. 1 Ratio curves of the annealed ZnO with respect to that of the single crystalline ZnO.

In-situ analysis of ion-induced physicochemical change of Si 
surface by secondary electron yield detection 

Prasanta Karmakar and Subhash Ghosh  

Emitted secondary electrons are used for in-situ monitoring of low energy ion beam induced surface 
chemical change and pattern formation. We report the variation of secondary electron yield with ion 

fluence during 10 keV   N+1 and Ar+1 ions bombardment on a Si (100) surface at normal and oblique 
incidence. The initial high secondary electron yield from Si surface is observed due to the native oxide 
layer on Si for both Nitrogen and Ar ion bombardment. The secondary electron yield is expected to decrease 
and stabilize for continue ion bombardment, which is observed for the argon ion irradiation. However, a 
significant variation of the electron yield with continuing nitrogen ion bombardment is observed. Ex situ 
measurement of ion bombarded surfaces by Atomic Force Microscope shows that the variation of secondary 
electron yield is correlated with surface topography develop due to ion bombardment. Also, the reaction of 
the projectile with target atom alters the secondary electron emission in case of N+ ion bombardment. Real-
time physicochemical changes of Si surface due to low energy ion bombardment have been probed in-situ 
by monitoring the secondary electron emission yield measurements. 
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Figure: (a) Secondary electron yield vs Ion fluence during 10 keV N
+1

 ion irradiation on Silicon (100) surfaces at oblique incidence 
(θ=60

0 
). (b)  Schematic diagram of the local ion incidence angle on a curved surface. (c) Distribution of local ion incidence angle 

on silicon surface before and after N
+1 

ion irradiation at various ion fluence.  (d) Fluence dependent variation of measured secondary 
electron yield (solid line). Secondary electron yield calculated from AFM topographic data.

 Dynamic scaling behavior of mica ripples produced by low 
energy Ar+ ion erosion

Dipak Bhowmik, Debasree Chowdhury and Prasanta Karmakar

The scaling behavior of ion beam induced ripple patterns on mica surface is investigated by means 
of atomic force microscopy (AFM). The ripples were produced by 12 keV Ar+ ion beam erosion at 

an angle 600 with respect to the surface normal. Ripple wave-vectors are found to align parallel to the 
ion beam projection direction. The root-mean-square (rms) roughness and lateral correlation length of the 
rippled surface are observed to increase with ion fluence with a growth exponent β = 0.51 ± 0.04 and 
dynamic exponent 1/zx = 0 .42 ± 0.07 along the ripple direction as well as 1/zy = 0.34 ± 0.09 normal to 
the ripple direction respectively. Ripple wavelength is also found to increase slowly with ion fluence upto 
φ ~ 6×1017 ions.cm-2 and then shows a rapid coarsening behavior with an exponent n = 0.43 ± 0.04. The 
two different roughness exponents,  and , along and normal to the ripple direction, are also calculated 
from their corresponding power spectral density function and found the values 1.25 ± 0.09 and 1.20 ± 
0.08 respectively. The scaling properties of ripple growth for long time ion bombardment and the overall 
morphological changes are explored according to calculated erosive and redistribution coefficients in the 
framework of recently advanced continuum models of pattern formation by ion beam sputtering. 
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Figure:   Variation of (a) interface width (rms roughness) with ion fluence. (b) Log – log variation of ripple wavelength with ion 
fluence showing ripple coarsening at high fluence. Structure factors Sx,y (kx,y) in the direction (c) parallel and (d) normal to the ion 
beam for mica at different fluences. 

Physicochemical variation of mica surface by low energy ion 
beam irradiation

Prasanta Karmakar and Dipak Bhowmik

We report the transformation of smooth and hydrophilic mica surface to a patterned and hydrophobic 
surface by 12 keV Ar+ and N+ ion bombardment at oblique ion incidence. Periodic ripple pattern has 

been found on the mica surface when nitrogen like lighter or argon like heavier ions are bombarded at an 
angle 60o with respect to the surface normal. During ion bombardment the different components of multi-
elemental mica are eroded at different rate; as a result, surface chemistry is changed, as well as a surface 
ripple pattern is developed on the surface due to the generation of surface instabilities. The change of surface 
chemistry and presence of pattern change the hydrophilic nature of the mica surface. X-ray photoelectron 
spectroscopy (XPS) study of irradiated mica surface shows that the upper K atoms are sputtered most. The 
vertical and lateral dimensions of the surface patterns are controlled by varying the ion fluence. Contact 
angle measurement of un-irradiated and irradiated mica surface shows a certain change from hydrophilicity 
to hydrophobicity. The physicochemical changes of mica surface due to Ar+ and N+ ion bombardment have 
been discussed. 
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Figure 1 :  AFM images of (a) virgin and 12 keV Ar+ bombarded mica surface at oblique incidence with fluence (b) 3×1017, (c) 
5×1017, (d) 6×1017, (e) 8×1017 , (f) 9×1017, (g) 1×1018 ions/cm2. The FFTs ( 50 μm-1 × 50 μm-1 ) are shown in the corner of each AFM 
images. The arrows indicate the ion beam direction.

Figure 2:   (a) Schematic diagram of contact angle measurement. Droplets of water on (b) virgin mica surface, (c) 12 keV Ar+ 
irradiated mica with fluence 3×1017 ions/cm2 and (d) 12 keV N+ irradiated mica surface with fluence 1×1018 ions/cm2.

Presence of reactive impurities in Ar+ ion beam plays a key role 
for Si ripple formation 

Prasanta Karmakar, Dipak Bhowmik, Manabendra Mukherjee1 

1Saha Institute of Nuclear Physics, HBNI, 1/AF, Bidhannagar, Kolkata -700064, India

We report the decisive role of reactive ion impurities in the low energy Ar+ ion beam on surface 
nanopattern formation. The effects of co-deposited impurities on pattern formation during ion 

bombardment have already been reported, but the effect of beam impurities is something new which has 
not been considered earlier. The possible source of experimental variance in the low energy (few keV to 
10’s of KeV) Ar+ ion beam induced nano ripple formation has been identified by irradiating Si surface at 
an oblique angle incidence with the pure and impure Ar+ ion beam of energy 3-10 keV. No well-defined 
patterns are observed for the mass selected pure Ar+ ion bombardment, whereas well defined periodic 
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ripple pattern is formed by the same experimental condition with the impure mass unanalyzed Ar+ ion 
irradiation. The contaminants in the mass unanalyzed beam specifically reactive nitrogen, oxygen, and 
carbon play the main role of pattern formation by introducing chemical instability on the Si surface. The 
surface morphologies of the irradiated Si surfaces are examined by Atomic Force Microscopy (AFM), 
whereas the surface contamination and corresponding chemical compound formation are investigated by 
X-ray photoelectron spectroscopy (XPS).

Figure: (a) XPS survey of virgin Si and ion bombarded Si surfaces with mass analyzed beam and without analyzed beam. (b) Mass 
spectrum of 5 keV ion beam.(c) and (d) high resolution Si 2p core level XPS spectra and AFM image, respectively of mass mass 
selected pure Ar+ bombarded Si.(e) and (f) high resolution Si 2p core level spectra and  AFM image of impure  Ar+ bombarded Si .

Tailoring and investigation of surface chemical nature of virgin 
and ion beam modified muscovite mica

Dipak Bhowmik and Prasanta Karmakar

We report that the surface chemical properties of muscovite mica [KAl2(Si3Al)O10(OH)2] like important 
multi-elemental layered substrate can be precisely tailored by ion bombardment. The detailed X-ray 

Photoelectron Spectroscopic (XPS) studies of a freshly cleaved as well as 12 keV Ar+ and N+ ion bombarded 
muscovite mica surfaces show immense changes of the surface composition due to preferential sputtering 
of different elements and the chemical reaction of implanted ions with the surface. We observe that the K 
atoms on the upper layer of mica surface are sputtered most during the N+ or Ar+ ions sputtering, and the 
negative aluminosilicate layer is exposed. Inactive Ar atoms are trapped, whereas chemically reactive N 
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atoms form silicon nitride (Si3N4) and aluminum nitride (AlN) during implantation. On exposure to air after 
ion bombardment, the mica surface becomes more active to adsorb C than the virgin surface. The adsorbed 
C reacts with Si in the aluminosilicate layer and forms silicon carbide (SiC) for both Ar and N bombarded 
mica surfaces. Besides the surface chemical change, prolonged ion bombardment develops a periodic ripple 
like regular pattern on the surface.

 

Figure 1 : (A) XPS survey scan of virgin as well as N and Ar bombarded mica surfaces. The inset figure shows the XPS survey scan 
in K region. (B) Schematic diagram of freshly cleaved crystalline mica

Figure 2: AFM images (3D) of virgin mica, 12 keV Ar, and N bombarded mica surfaces with ion fluence 5×1017 ions/cm2 at keV at 
oblique angle of incidence 60˚ with the surface normal. The arrows indicate ion beam direction.
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5.4 Development of High Current Cyclotron for 
                 Accelerator Driven Sub-critical System 

Compact high current cyclotron and associated beam dynamics
A. Goswami

In this work we have presented the design of 1 MeV high current proton cyclotron and the behaviour of 
intense beam envelopes along the accelerated orbits. We have optimized the height and position of the 

plug, hill extension in central region to get the average field close to the isochronous field. The half model 
of the magnet using 3D code [1] is shown in Fig 1. 

                                            

We have estimated the magnetic betatron tunes from the equilibrium orbit code GENSPEO [2]. We have 
estimated the electric vertical betatron tune by using first order theory. The variation of the radial υx (solid 
line) and vertical (dashed line) magnetic betatron tunes as a function of the orbit radius R is shown in Fig. 
2. We have used these υx and υy in the beam envelope calculations. We have studied the behaviour of beam 
envelopes along the accelerated orbits and estimated the maximum limiting current that can be transported 
through the 1 MeV cyclotron within 8 mm half aperture [3]. The maximum transportable beam current with 
the input conditions of the beam at the inflector exit is found to be 5.6 mA within the specified 8 mm half 
aperture sizes. Since the maximum height of the dee from the median plane is equal to 15 mm, a 5 mA beam 
current can be injected and accelerated in the present design of the cyclotron. 

Reference
[1] MagNet User Guide , Infolytica Corporation, Version 6.28.
[2] M. M. Gordon, Particle Accelerators, 16 (1984), pp. 39-62.
[3] A. Goswami, P. Sing Babu and V. S. Pandit, JINST, 12, P11005 (2017). 

Fig. 1: Half model of the cyclotron magnet. Fig. 2:  Betatron tunes versus radius.
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Design of two degree of freedom PID controller for integrating 
plants

Saurabh Srivastava and V.S. Pandit

Integrating processes, which contain at least one pole at the origin, are difficult to manipulate because 
a small load disturbance can easily destroy the balance between the input and output which can cause 

increasing or decreasing output without limit. Some typical examples of integrating systems are: distillation 
column level control in chemical processes, a jacketed continuous stirred tank reactor carrying out an 
exothermic reaction, vertical take-off of airplanes, high pressure steam flowing to a steam turbine generator 
in a power plant etc [1, 2]. The two degree of freedom (2-Dof) Proportional-Integral-Derivative (PID) 
controller is design and tested utilizing Linear Quadratic Regulator (LQR) and pole placement approach via 
numerical simulation for precise control of set point and load disturbance response. Let us consider an First 
Order Integrator Plus Time Delay process whose transfer function is given as     

                 
. The optimum sets 

of PID values that were obtained using the method given in our paper [3]. The maximum sensitivity function 
(Ms) is used for setting robustness criteria in a control system. IAEld is the Integral of Absolute Error value 
of load disturbance which is used for setting performance criteria. TVld and TEld is the total variation and 
total energy consumed by the controller which is used for setting smooth operation of control system i.e. 
minimum the value of TVld and TEld better life of the actuator and overall control system. Simulation results 
indicate that both good robustness and load regulation cannot be achieved simultaneously. Better sensitivity 
occurs at lower value of ωcl and at higher value of ζcl, whereas better load regulation can be achieved at 
higher ωcl and lower ζcl. Thus a proper design needs a trade off between sensitivity and load regulation. It 
is observed that tuning of set point filter constant λ plays a crucial role in reducing the overshoot and initial 
control effort.

References
[1] Alfaro VM, Vilanova R. Pandit, Ind Eng Chem Res. 51(40), 13182–13194, (2012).
[2] Hovd M, Skogestad S, Ind Eng Chem Res. 33(9), 2134–2139, (1994).
[3] S Srivastava, V.S. Pandit, ISA Transaction 71, 426-439,(2017).
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Design studies and orbit properties of a high current separated 
sector proton cyclotron

A. Goswami, A. Dutta and A. Bandhyopadhyay

In this work the hard edge formalism including soft-edge effects for the magnetic field and transfer matrix 
technique has been used to obtain the shape of the magnet sectors and betatron frequencies [1]. The general 
configuration of a separated sector cyclotron (SSC) consists of N identical homogeneous field magnets with 
N free sections in between. The orbit is composed of circular arc in the magnet and straight line in the field 
free region. We have considered an example of a high current 50 MeV SSC with N = 4 and maximum field 
= 1.5 T in the sectors. Figure 1(a) shows the schematic of 50 MeV proton cyclotron. We have chosen the 
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particle revolution frequency f0 = 8.4 MHz which corresponds to sector angle α =30o at proton energy of 
0.5 MeV. All the equilibrium orbit calculations has done at energy 0.5 MeV, 5 MeV and thereafter 10 MeV 
intervals and are shown by solid red lines in Fig 1(a).

        
Fig. 1. (a) A schematic of 50 MeV proton cyclotron with N = 4, B = 1.5 T,  f0 = 8.4 MHz and α =30o  (b) Radial and axial betatron 
tunes at three different values of α . 

We have computed the radial and axial betatron tunes for the four sector cyclotron with magnetic field B = 
1.5 T in the pole pieces at three different values of the sector angle α. Results are presented in Fig. 1(b) for 
several values of energy starting from Ei = 0.5 MeV with interval 4=∆E  MeV. We see that for a given 
energy the values of radial and axial betatron tunes decreases as the sector angle α increases. The nature 
of the curves is similar for all cases. For a given sector angle as energy increases the radial tune increases 
whereas axial tune first increases then slowly decreases.

Reference
[1] A. Goswami, A. Dutta and A. Bandhyopadhyay, JINST, 14, P03027 (2019).
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5.5 Other Projects

Indigenous Development of Oil Removal System with automatic pressure 
control and its Installation and commissioning alongwith a high capacity 

helium compressor equipped with Variable Frequency Drive

Sandip Pal, A. Mukherjee, U. Panda, T. Maiti, N. Datta, R.S. Banerjee, A. Mandal, A. Das, R. Kar, 
S. Nandy, J. Ghosh, S. Malo, P. Pramanik, S. Ghosh, and M. Behra 

As a part of the XIIth Plan project titled “Development of Helium Liquefier of capacity 50 l/h without 
LN2 Pre-cooling”, a new Helium cycle compressor, screw type Kaeser make FSD571SFC of flow rate 

92 gm/sec and design pressure 15 Bar, (figure 1) has been purchased, installed, commissioned and tested. 
Requirement of helium flow for new project is around 50 g/s. A higher capacity compressor is chosen so 
that it can serve the purpose of delivery of Helium gas for the cold-box of the new project as well can work 
as a standby of two 50 gm/sec screw compressors presently feeding existing helium liquefier Air Liquide 
make Helial 2000. 

One oil removal module (figure 2) which is capable of handling flow rate of 100 g/s has been designed, 
developed, installed, interfaced with the compressor, commissioned and tested. The Oil Removal System 
(ORS), as the name implies, brings the oil vapour level down to less than 1 ppb in output Helium. It 
comprises of two coalescer filter columns to remove oil aerosol and one activated charcoal column to remove 
oil vapours. The oil level in the coalescer filter column is sensed by a level switch for alarm generation. 
The charcoal used for this oil removal module is made from coconut shell and is an indigenous product of 
India. The three flow control valves, PCV8280, PCV8289 and PCV8275, present in ORS perform the fine 
control of gas pressure of both the high pressure (HP) and low pressure (LP) streams through feeding from 
the buffer tank. Over and above, the compressor has Variable Frequency Drive (VFD) module for coarse 
control of pressure. It can save lot of energy and is very useful for the system not operating at rated capacity. 
It is tricky to implement the simultaneous operation of both the pressure control scheme (VFD and valves). 
Actually the by-pass valve PCV8275 among the three does not allow the pressure of LP stream below the 
set-point. If the flow demand from the cold-box is more than the capacity of compressor, it is uncontrollable 
only using bypass valve and manifested by the increase in pressure of LP stream. This can only be solved 
by enhancing the compressor motor speed using VFD. The control system has been implemented and tested 
in-house satisfactorily.

Figure 1. Helium Cycle Compressor Figure 2. Oil Removal Module



 Other Projects

165

Design, development and testing of direct off line Switch Mode 
Power Supply for solid state RF Amplifier

Yashwant Kumar, S. Srivastava, A. Bera, A.K. Kushwaha, H. K. Pandey, S.K. Thakur

Switch mode power supply rated 50V/ 60A is designed, developed and tested for biasing a Solid State 
Amplifier (SSA) for a re-buncher of the Rare Isotope Beams (RIB) facility at VECC Kolkata. The design 

of this supply is based on full wave forward converter topology and soft switching technique by utilising 
resonant network. Proportional and Integral (PI) controller is designed optimally to provide better time 
response with adequate robustness. The design of the power supply improved and analysed by performing 
simulations using unique power electronics features of PSIM. 

Figure 1 shows the schematic diagram of the present power supply. In order to obtain unregulated 325V 
DC link voltage, 230V AC line is rectified with single phase full wave bridge rectifier and filtered with 
capacitive filter. 

Figure1: Schematic of power supply

Figure 2(a) shows the simulated voltage and current waveform before transformer (Tr) with resonant element 
Lr and Cr known as soft switching elements. It can be readily seen from Fig. 2(a) that switching transition 
takes place at zero current. Figure 2(b) shows the experimental current and voltage waveform across the 
switch with resonant converter elements (Lr,, Cr) which follow the simulated waveform. 

                        

 

Figure 2(a): Simulated soft switching voltage and current 
wave form before transformer (Tr).

Figure 2(b): Experimental soft switching voltage and current 
wave form before transformer (Tr).
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Electron cloud trapping in a Penning Ion Trap at VECC

P. Das, A.K. Sikdar, A. Reza, A. Misra, A. Ray, J. Nandi, K. Banerjee1, S. Saha, S. Pal, 
A. Dutta Gupta

1Department of Instrumentation and Electronics Engineering, 
Jadavpur University, Sector III, Salt Lake City, Kolkata 700098, India 

At VECC, a cloud of electrons was trapped in a closed-ended, 5-electrode, cylindrical Penning trap 
by applying an approximately homogeneous ~0.1T magnetic field and quadrupolar electrostatic 

potential ~10V. The axial oscillation was about 62 MHz and the corresponding induced voltage on the end-
cap electrode was picked by a resonant LCR circuit, amplified by an amplifier and mixed with a suitable 
frequency to observe as a beat signal. The experimental arrangement of Penning Ion trap with magnet and 
electrode assembly and representative signal is shown in Fig 1.

Fig 1 (a) Schematic drawing (b) Penning trap assembly (c) Dip signal of trapped electron cloud

(a) (b) (c)
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In Fig. 1 (c)(top panel), we show a plot of ramp voltage versus time. The middle panel of Fig. 1(c) shows 
the voltage dip in the down-converted IF signal of 5 KHz and a typical dip signal for RF drive power of -20 
dBm at tank circuit resonance frequency = 62 MHz is shown in Fig. 1 (c) (bottom panel). The absorption 
signal for the down-converted 5 KHz IF signal as well as DC signal has been observed for a trap voltage, 
Udc ~ -11.68V. 

The Penning trap was operated at 77K by immersing the setup in liquid nitrogen. The system behaved 
similarly at both 300K and 77K with reduction in signal height at 77K due to the production of fewer 
secondary electrons in better vacuum conditions.

References:
[1] Ashif  Reza, Kumardeb Banerjee, Parnika Das, Kalyankumar Ray, Subhankar Bandyopadhyay, and 

Bivas Dam, Rev. Sci. Instrum. 88 (2017) 034705.

Room temperature Penning Ion Trap operated using detection 
circuit developed at VECC

P. Das, A. Reza, J. Nandi, Pushpa M. Rao1

1AMPD, BARC, Mumbai, India 

A cloud of electrons were successfully trapped and detected using the Room Temperature Penning Ion 
trap (RT-PIT) on facility 13th December, 2017, developed with a joint effort from BARC and VECC as 

shown in Fig 1.

Fig 1. Room temperature Penning trap assembly.
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The detection electronics developed by VECC, Kolkata [1] put the RT-PIT to life by detecting the cloud 
of electrons. The trapped electrons are detected using a narrowband detection circuit consisting of a high 
Quality factor helical resonator and a Low Noise Amplifier (LNA), indigenously built at VECC. At a given 
dc voltage, the axial frequency of trapped electrons coincides with the resonant frequency of tuned circuit. 
This results in a dip in the response of the detection circuit due to resonance transfer of energy from the tank 
circuit to the trapped electrons as shown in Fig 2. It is observed that reducing the RF excitation power from 
0 dBm to -12 dBm result in lower magnitude of the absorption signal.

Fig 2. Schematic detection circuit and signal of trapped electron cloud

References:
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and Bivas Dam, Rev. Sci. Instrum. 88 (2017) 034705.
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6.0 RRMC & Medical

ACTIVITIES OF THE REGIONAL RADIATION MEDICINE 
CENTRE, VECC

C. Nandi, A. Gupta, S. Roy, S. Pal, S. Ganguly, S. Banerjee and S. Som
 
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 Nuclear Imaging, I-131 Uptake and Radionuclide Therapy.

Nuclear Imaging:

At the RRMC Nuclear Imaging is performed on the Dual Head Gamma Camera with SPECT facilities (GE- 
INFINIA). Routine static imaging being performed regularly include Whole Body Skeletal, Thyroid, Liver, 
Renal cortical and Large Dose I-131 Scans. Routine dynamic imaging being performed regularly include 
Renal Dynamic study, Hepato-biliary, GI bleeding study, 3-phase skeletal imaging, etc. Sometimes, more 
sophisticated studies like, Breast Imaging, Parathyroid Imaging, Neuroendocrine Tumor Imaging are also 
being carried out.

Around 110 no. of patients underwent various Nuclear Imaging Studies every month. 

Iodine- 131 Uptake:

Thyroidal Iodine-131 uptake studies for various disorders of the thyroid gland are being performed regularly.
Around 15 no. of patients underwent I-131 Uptake Studies every month. 

Radio Nuclide Therapy:

	Low dose I-131 therapy of Thyrotoxicosis (up to 15mCi of I-131) [on OPD basis] is being carried out 
regularly. Around 12 no. of patients received I-131 toxic therapy every month.

	I-131 therapy for Cancer Thyroid patients is, also being carried out regularly. 
	High Dose I-131 therapies (50mCi or more) were administered on inpatient. Around 05 no. of patients 

received High Dose I-131 Therapy of CA Thyroid every month. 
	Low dose I-131 therapies (up to 30mCi) was administered on outpatient basis. Around 03 no. of patients 

received Low Dose I-131 Therapy of CA Thyroid every month.

Research Activities:

Besides its routine activities, RRMC also carries out some research and development activities.

At present, we carry out collaborative research projects with the Indian Institute of Chemical Biology, 
Kolkata, and the unit of BRIT at VECC, involving animal imaging using various newly developed 
radiopharmaceuticals
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1 no. of research papers based on these collaborative studies involving the RRMC has been published in 
an international journal.

We also imparted training in Nuclear Thyroidology for two weeks to 2 no. of final year (post-graduate) 
students in D.M. (Endocrinology) from Medical College, Kolkata.

During the period April, 2017 to June, 2017 I had organized and co-ordinated at RRMC the Phase-IV of 
clinical trial (on patients) of various Tc-99m labelled radiopharmaceuticals labelled with Tc-99m produced 
by the TCM-AUTOSOLEX module (developed by the Regional Centre of BRIT at VECC). Total 316 no. 
of patients underwent this fourth phase of clinical trial at RRMC. 
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Statistics of lifestyle diseases present in patient attended at
VECC Dispensary

Achintya Bhattacharyya, Arindam Chatterjee

The number of outpatient visits to VECC Medical Dispensary during last 3 years is depicted below. This 
attendance is considered for only out patient consultation.

Total number of patients visited in VECC Dispensary during three year for any ailments. Here we picked 
up some lifestyle disease like Hypertension, Diabetes and High Cholesterol level (Dyslipidemia). Data is 
collected from our medical database.  

Statistically it is clearly defined that every year number of patients suffering from life style disease are 
increasing. To prevent these type of disease clinical awareness camp has been organized in VECC campus 
is regular basis.

Total attendance of patient in VECC Dispensary year wise
                     2017- 7252
                     2018- 7968
Upto March 2019- 2109

YEAR DM HTN DYSLI
2017 354 449 291
2018 411 425 210
2019 108 107 80

DM- Diabetes Mellitus,   HTN- Hypertension,   DYSLI-Dyslipidemia(High Cholesterol)
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Fujibayashi, S. E. Lapi, S.A. McQuarrie, R. Mikołajczak, T. J. Ruth, A. Salvini. S. Takacs (Contributors 
to Drafting and Review) IAEA Radioisotopes and Radiopharmaceuticals Reports No. 1:  Cyclotron 
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7.5 Colloquium, Symposia, Events & Other Activities

Colloquium
1. Prof. Krishnendu Sengupta, Department of Theoretical Physics, Indian Association for the Cultivation 

of Sciences,,” Topological transitions and phases: Noble Prize 2016”, January 18, 2017

2. Shri A. B. Mukherjee, and Associate Director, Reactor Projects Group, BARC,” Submarine: past and 
future”, March 09, 2017

3. Dr. G. Athithan, DS & Director General – Micro Electronic Devices & Computational Systems,” How 
do you solve a problem like computer vision?”, April 17, 2017

4. Prof. Lokesh C Tribedi, Department of Nuclear and Atomic  Physics,  TIFR, “Accelerator based 
Molecular ionization: Coherence induced electron interference and collective plasmon excitation”, 
August 29, 2017

5. Dr. Dhruba Jyoti Biswas, Raja Ramanna Fellow, Bhabha Atomic Research Centre, “A Glimpse of The 
Laser and Its Impact on Mankind”, June 07, 2018

6. Swami Shuddhidananda, Ramakrishna Mission, Belur Math, “Yoga--The Secret of True Happiness and 
Well being”, June 21, 2018

7. Shri D. K. Shukla, Distinguished Scientist, Chairman SARCOP And Executive Director, AERB,  
"Significance of Human, Organisation and Technical factors in Safety and Practices to address them", 
June 22, 2018

8. Dr. Debabrata Datta Head, Radiological Physics & Advisory Division (RP&AD), “Machine learning 
with Evidence theory and Bayesian statistics “, August 24, 2018

9. Hiromitsu Haba, Nishina Center for Accelerator-Based Science, RIKEN, Wako, Saitama 351-0198, 
Japan,” Production and Application of Radioisotopes using He Jet Transport System at RIKEN RI 
Beam Factory “, November 19, 2018

10. Dr. Navin Alahari, Director, Grand Accelerateur National d’IonsLourds (GANIL), Caen, France,” 
Physics down to the femtometer scale @ GANIL”, February 06, 2019

11. Prof. Witold Nazarewicz,  Michigan State University, USA,” Is there an end to the periodic table?”, 
March 05, 2019

Symposia
1. 26th National Symposium on Cryogenics & Superconductivity, February 22 – 24, 2017 

2. CNT Lectures on Special Topics in Nuclear Astrophysics, March 01 – 11, 2017

3. CNT Workshop on Effective Field Theory of Hadrons: Vacuum to Medium, March 12 – 17, 2018

4. 35th DAE Safety & Occupational Health Professionals Meet, 2018, November 27 – 29, 2018

5. Hindi Scientific Seminar, November 30, 2018

Events & other activities
1. VECC participated at 104th Indian Science Congress

The 104th Indian Science Congress was held at S.V. University, Tirupati, during January 3 – 7, 2017. 
The Public Awareness Cell of Variable Energy Cyclotron Centre (VECC), Kolkata joined the event 
along with Public Awareness Division of the Department of Atomic Energy (DAE), Mumbai. The 
theme of the event was “Science and Technology for National Development”. The various 
exhibits were displayed in the pavilion for “Pride of India” exhibition. 

http://www.vecc.gov.in/colloquia/speaker_details/129
http://www.vecc.gov.in/colloquia/speaker_details/132
http://www.vecc.gov.in/writereaddata/upload/colloquia/29-08-2017A.pdf
http://www.vecc.gov.in/writereaddata/upload/colloquia/29-08-2017A.pdf
http://www.vecc.gov.in/writereaddata/upload/colloquia/07_06_2018.pdf
http://www.vecc.gov.in/writereaddata/upload/colloquia/07_06_2018.pdf
http://www.vecc.gov.in/writereaddata/upload/colloquia/21_06_2018.pdf
http://www.vecc.gov.in/writereaddata/upload/colloquia/21_06_2018.pdf
http://www.vecc.gov.in/writereaddata/upload/colloquia/Nazarewiecz_colloquium-3.pdf
http://indico.vecc.gov.in/indico/conferenceDisplay.py?confId=44
http://indico.vecc.gov.in/indico/conferenceDisplay.py?confId=43
http://events.vecc.gov.in/conferenceDisplay.py%3fconfId=47.html
https://events.vecc.gov.in/e/safetymeet2018
http://www.vecc.gov.in/writereaddata/upload/symposia/Hindi_Seminar_05102018.pdf
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2. National Science Day 2017

National Science Day 2017 was celebrated jointly by VECC and SINP, Kolkata, on March 10, 2017. 
This year, the students of class IX to XII, in particular schools from remote rural areas were invited, 
with an emphasis to reach to students far away from the city, who usually do not get opportunities to 
visit research laboratories and directly interact with the scientists. The main theme of the celebration 
was “Computers and its application to science and society”. The program consisted of visits to various 
research facilities and laboratories at SINP and VECC followed by various programs at Meghnad Saha 
Auditorium in the SINP campus. The program at Meghnad Saha Auditorium started with welcome 
addresses by the Directors of VECC and SINP. Two lectures by Dr. Subir Sarkar of SINP on “Use 
of computing in modern science” and by Dr. Biswajit Sarkar of VECC on “Societal applications 
of computers” were chosen in the context of the theme of the National Science Day, 2017. A quiz 
competition was held among the students with immense enthusiasm. Three best schools were selected 
at the end of the competition. The Directors of VECC and SINP handed over the winning trophies to 
these three schools. The program ended with the celebrations by the winning schools. The enthusiasms 
of the students were electrifying.

3. VECC organizes seminars on Career Opportunities in DAE

VECC organized seminars titled “Career Opportunities in the Department of Atomic Energy” 
to popularize the OCES/DGFS scheme among the final year engineering students from Odisha, 
Bihar and West Bengal. Advertisements were put up in several dailies of Kolkata to give a wide 
publicity to the seminar organized at VECC. Active participation from students was observed 
during the presentation. The lectures were followed by interactive sessions with the students. 
The seminars recorded a cumulative attendance of over 400 participants including students and 
faculties.

4. ALICE collaboration meeting at VECC

ALICE-INDIA collaboration meeting was organized in VECC from March 15 – 17, 2017. 
About 80 participants which included students, faculties and scientists from the different 
collaborating institutes of the country along with those from VECC had participated. Results 
and status update on the ongoing physics data analyses by students and faculties in ALICE were 
presented and discussed. Action plans and issues related to the maintenance of the indigenously 
built Photon Multiplicity Detector (PMD) and its preparedness for the forthcoming proton-
proton (pp) runs at LHC, wherein acquiring high multiplicity pp data as the main goal for 
PMD, was discussed. Issues related to participation in the future ALICE upgrades were also 
discussed in detail.

5. National Safety Week Celebration-2017 

Variable Energy Cyclotron Centre (VECC) observed National Safety week celebration program 
from March 4 – 10, 2017. This year’s theme was “Electrical Safety & Occupational Health”. 
To improve the Safety awareness among VECC employee and to promote safety awareness 
and follow safety culture, various competitions like Safety Quiz, Slogan, Safety Poster, Essay 
competition on “Electrical Safety & Occupational Health” and a debate on the topic “Training 
is most effective Safety Tool than Experience” were arranged in which both VECC employees 
and contractors’ employees engaged in VECC took part. Best House Keeping Award was 
bagged by CRSU (Stores). Training on Industrial Safety was imparted to Departmental officers, 
supervisor and technicians. Also 56 Nos. of contractor’s workers, working in this centre were 
trained, highlighting safety measures to be adapted to worksite. 
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6. MoU between VECC and SemiConductor Labs (SCL), Chandigarh
Shri. Amitava Roy, Acting Director, VECC and Mr. Surinder Singh, Director, SCL-Chandigarh 
signed an MoU on March 14, 2017 for a collaboration on the development and production of 
radiation-hard Low Dropout (LDO) ASIC for the CBM experiment at FAIR in which VECC 
is playing a lead role. Radiation hard ASIC development has potential use in many important 
areas like space applications. Besides its use in the Muon Chamber (MUCH) system of CBM, 
the LDOs will also be used by several other detector subsystems of the CBM experiment. As 
per the MoU, SCL-Chandigarh, under the technical collaboration with VECC EHEP&A team, 
will design, develop and fabricate about 30000 LDOs. During the MoU signing ceremony, 
the two Directors discussed the possibilities of extending the collaboration to other areas like 
development of ASIC for nuclear pulse processing among others.  

7. Fire Safety Week Observation -2017
Fire Safety Week was observed at VECC during April 07 – 17, 2017. An Emergency Evacuation 
Drill for all the building of VECC was organized by the organizing committee on 7th and 10th 
of April, 2017. Fire Fighting Competitions among the fire squad members were also organized 
on April 11, 2017. On April 17, 2017 the Fire Safety Day was observed. The program was 
inaugurated by Shri Amitava Roy, Acting Director, VECC. Shri Sudipta Mukherjee, Divisional 
Fire Officer, WBF&ES attended the function as the Chief Guest and delivered a lecture on 
Fire Safety. On April 17, 2017, live demonstrations on rescue and fire fighting operations by 
VECC fire staff, along with demonstration and display of fire safety equipment were arranged 
in the VECC Fire Unit. Training on Fire Safety was also organized on April 13, 2017. Quiz 
completion on fire safety was 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 employees of VECC.  Poster, slogan, debate & essay competition of fire safety were 
conducted like previous years. 

8. VECC Represented DAE Pavilion at Science and Technology Exhibitions 
Variable Energy Cyclotron Centre (VECC), Kolkata, along with other DAE units, represented the 
DAE Pavilion at various science exhibitions, as a part of its outreach activities in and around Kolkata. 
The Public Awareness Cell of VECC put up models of cyclotrons, detector modules built at VECC for 
high energy physics experiments and posters on the wide-ranging activities of VECC. The Institute of 
Plasma Research (IPR), Gandhinagar, Electronics Corporation of India Limited (ECIL), Technology 
Transfer and Collaboration Division (TTCD) of BARC, Mumbai and Saha Institute of Nuclear Physics 
(SINP), Kolkata joined VECC in some of these exhibitions and displayed their exhibits. A large number 
of students enthusiastically interacted with the scientists at these exhibitions that included–

 y “Indian National Exhibition Cum Fair”, at Dinabandhu Andrews College Ground, Kolkata, August 
17 – 20, 2017, Focal theme : “Science & Technology for National Development & Make In India”. 
DAE Pavilion received the 1st prize in this exhibition cum fair. 

 y “21st National Science Exhibition” at New Barrackpore, Kolkata, August 24 – 27, 2017. Focal theme: 
“India Advancing Towards a Great Nation”.

 y “Sundarban Kristi mela - O - Loko Sanskriti Utsab”, at Kultali, December 20 – 29, 2017. Focal theme: 
“Make India an Advanced Nation”. 

9. User Awareness Program on Technical Paper Writing in IEEE Journals and Conference 
Proceedings
Scientific Information Resources Facility (Library), VECC organised a session on “Writing a Quality 
Technical Paper in IEEE” on December 14, 2017 chaired by Dr Jane Alam and overall coordination 
being done by Mr S Balabharathi and Mrs Anindita Bhowmick. The speaker, Mr. Dhanu Pattanashetti, 
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Client Services Manager at IEEE, Bangalore explained the steps and procedures for paper writing and 
submission procedure in IEEE Journals and Conference Proceedings. VECC Scientists and Engineers 
attended this educative and highly interactive program.

10. Vendor Meet at CRPU, VECC, Kolkata Organised by DPS
Vendor Meet was arranged by Directorate of Purchase & Stores, CRPU at Ajay Divatiath Lecture Hall, 
VECC, Kolkata on August 14, 2017 from 10.30 AM to 1.30 PM. Around 50 vendors (i.e. manufacturers, 
traders, Indian Agents of foreign suppliers, transporters, medicine suppliers etc.) attended the meet from 
various parts of West Bengal as well as Mumbai, Chennai, Delhi etc. The Purchase Officer, CRPU, 
Kolkata welcomed all for the meeting and subsequently Dy. Director-A, P&S, Mumbai introduced the 
programme details. Director, VECC briefed the vendors about VECC activities, procurement plans 
and overview of the items being procured and necessity of genuine fabricator, vendor etc. Director, 
P&S briefed the vendors about DPS procurement activities for all DAE units all over the country, 
e-tendering procurement procedure for utilisation of sanctioned budget of DAE. Dy. Director-A, P&S 
briefed regarding on-line tender as well as DPS e-tender portal. Reasons for rejection of offers were 
also clarified as per DPS purchase procedure. A question-answer session was conducted, through which 
the queries/doubts of the vendors were clarified. The meeting was ended with Vote of Thanks by Asstt. 
Stores Officer, CRSU, Kolkata.

11. Awareness Programme by Complaints Committee
As a part of the awareness program, organised yearly by the Complaints Committee of VECC, this year’s 
talks were delivered by eminent personalities at Ajay Divatia Hall on December 20, 2017. Following the 
welcome address by Director, VECC, eminent psychologist, Prof. Dr. Nilanjana Sanyal delivered a talk 
on “Awareness of individualistic psycho-social resources: the root point of redesigning empowerment 
of women”. The second session was on “Awareness of cancer” by Dr. Agnimita Giri Sarkar, Founder 
Secretary, DISHA for Cancer. The program was attended by employees and the audience interacted 
with the speakers enthusiastically.

12. Visit of Prof. Paolo Guibilleno, Scientific Director, FAIR, Germany
Prof. Paolo Guibilleno, Scientific Director, FAIR Germany visited VECC on October 11, 2017. During 
his extensive discussions with Director and other members of VECC, Prof. Guibellino expressed great 
appreciation on India’s participation in the FAIR project. VECC engineers and scientists have been 
playing major roles in the implementation of India’s in-kind contribution to FAIR accelerator and 
experiments, mostly in the areas of superconducting magnets, power converter, advanced detectors for 
CBM and NUSTAR experiments.

13.  Coordinated Research Project (CRP), International Atomic Energy Agency (IAEA)
IAEA has awarded a Coordinated Research Project (CRP)  for five years on “New Ways of Producing 
99mTc and 99mTc Generators” to Regional Centre, BRIT, Kolkata ((Contract No. 22475). The theme 
of the Coordinated Research Project (CRP) is to  identify new technical aspects of the production 
and quality control of 99Mo and 99mTc and 99mTc generators with focus on photodynamic route 
through the reaction 100Mo(γ,n)99Mo reaction, as well as generator development using high capacity 
adsorbents for  Mo to be employed with low to medium specific activity 99Mo for application and 
distribution among Member States (around 15 countries). Although the fission based Mo-99 remains the 
major source for 99Mo/99mTc generators, in recent years Mo-99 supply crisis was raised by different 
factors such as the extension of planned outage, the prolonged or unplanned shutdown of many research 
reactors around the world. These unplanned events, combined with other planned outages created a 
worldwide Mo-99 supply crisis. In response to the crisis, producers increased the production of Mo-99 
to the maximum extent possible and also alternative production routes were suggested for availability of 
Mo-99 and/or Tc-99m radionuclides. Dr. Sankha Chattopadhyay, Officer-In-Charge, Regional Centre, 
BRIT  has represented the  1st  Reasearch Co-ordination Meeting and presented the progress and future 
plan  of the project at the IAEA Headquarters, Vienna, Austria, 11-15 December 2017.
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14. राजभाषा कारायान्वरन (्वषया 2017-18 ए्वं ्वषया 2018-19)
कें द्र में वैज्ञानिक एवं तकिीकी गनतनवनियों के सञाथ-सञाथ नवनिन्ि क्ेत्ों में रञाजिञाषञा निन््ी के प्रयोग को बढ़ञावञा ्िेे के निए नकए गए कुछ 
उलिेखिीय कञाययों कञा नववरण िीच ेन्यञा जञा रिञा ि ै:

1.  राजभाषा कारायान्वरन के लिए उच्च स्तरीर सलिल्तराँ: 

(i) रञािञाकञास (OLIC)

(ii) रञाष्ट्ीय वैज्ञानिक संगोष्ी के आयोजि के निए सनमनत

(iii) गिृ पनत्कञा अणपु्रिञा के प्रकञाशि एवं मञाग्ग्श्गि िते ुसंपञा्कीय बोर्ग 

(iv) नतमञािी प्रोतसञािि योजिञा के निए सनमनत 

(v) रञाजिञाषञा निरीक्ण के निए सनमनत 

2. लिन्ी प्रलिक्षण: 

निन््ी नशक्ण योजिञा, रञाजिञाषञा नविञाग द्ञारञा चिञाए जञा रि ेनिन््ी प्रनशक्ण पञाठ्यक्रमों के अतंग्गत प्रवीण एवं प्रञाज् कक्ञाओ ंकञा संचञािि 
कें द्र द्ञारञा नकयञा जञातञा ि।ै कें द्र के कञानम्गकों के निन््ी ज्ञाि संबंिी नववरण इस प्रकञार ि:ै 

अलिकारररों/किया्चारररों को राजभाषा लिं्ी का ज्ान 

अलिकारी किया्चारी कुि सखंरा
1 2 3

(क) अनिकञाररयों तथञा कम्गचञाररयों की कुि संखयञा 210 359 569 
(ख) उपयु्गक्त (क) में से नि्ंी कञा ज्ञाि प्रञाप्त अनिकञारी/कम्गचञारी कारयासािक प्र्वीण कारयासािक प्र्वीण

166 20 226 60 472 
(ग)  नि्ंी िञाषञा कञा प्रनशक्ण पञा रि ेकञानम्गक | 1 - 6 - 07 
(घ) नि्ंी में प्रनशक्ण के निए शषे | 22 - 45 - 67 

23 कार्मिकों के पास उक्त प्ररिक्षण हते ुयोगयता नहीं ह।ै   

3. प्रोतसािन रोजना

निन््ी प्रनशक्ण प्रञाप्त कम्गचञाररयों को प्रोतसञानित करिे के उद्शेय से वीईसीसी में अनिकञाररयों/कम्गचञाररयों द्ञारञा निन््ी में नकये गये कञाम के 
आिञार पर परमञाण ुऊजञा्ग नविञाग में पररचञानित प्रोतसञािि योजिञा के अतंग्गत ऐसे कम्गचञाररयों को नतमञािी परुसकञार प्र्ञाि नकयञा जञातञा ि।ै

4. राजभाषा अलिलनरि 1963 की िारा 3(3) िें उनलिनखत कञागजञात नद्िञानषक रूप में जञारी नकयञा जञातञा ि।ै  

5. लिन्ी ्ेवबसाइट: रञाजिञाषञा नविञाग के वञानष्गक कञाय्गक्रम में न्ए गए नि्देशों के अिसुञार वीईसीसी की वेबसञाइट 100% नद्िञाषी रूप में 
नवकनसत की गई ि ैनजसे अद्यति रखिे कञा प्रयञास नकयञा जञा रिञा ि।ै

6. लिन्ी पुस्तक-पुलस्तकाए ंए्ंव इनकी खरी् : रञाजिञाषञा निन््ी के प्रनत जञागरूकतञा िञािे के उद्शेय से वीईसीसी की रञाजिञाषञा कञायञा्गन्वयि 
सनमनत के निण्गयञािसुञार मितवपणू्ग सञानिनतयक एवं वैज्ञानिक निन््ी पसुतकों की खरी् प्रनतवष्ग की जञाती ि।ै  

7. प्रल्त ्वषया ल्वश्व लिं्ी ल््वस ए्वं लिं्ी सप्ाि कञा आयोजि नकयञा जञातञा ि।ै 

8. इिेक्ट्रॉलनक डाटाबेस के मञाधयम से वीईसीसी कम्गचञाररयों/अनिकञाररयों के नि्ंी ज्ञाि संबंिी रोसटर तैयञार नकयञा गयञा ि।ै 

9. सभी कारायािरीन िानक प्रपत्ों कञा नद्िञानषक प्रञारूप, वीईसीसी की वेबसञाइट पर अपिोर नकयञा गयञा ि।ै 

10. राजभाषा कारायान्वरन सलिल्त की लनरलि्त बैठक : वत्गमञाि में कें द्र के नि्शेक श्ी अनमतञाि रञाय की अधयक्तञा में रञाजिञाषञा कञायञा्गन्वयि 
सनमनत की बैठकें  िरेक नतमञािी में नियनमत रूप से आयोनजत की जञाती ि ैअिी िञाि िी में 64वीं बैठक न्िञंाक को समपन्ि िुई।

्वषया 2017-18 के ्ौरान राजभाषा नील्त के कारायान्वरन से समबलनि्त ल्वलिष्ट उपिल्िरों का सलंक्षप् ल्व्वरण :- 

1. नि्ंी न्वस/ सप्तञाि/पखवञाडञा/मञाि (कब से कब तक)  ---- 11-15 नसतमबर, 2017 इस ्ौरञाि नवनिन्ि प्रनतयोनगतञाओ ंयथञा नि्ंी निबंि 
िेखि प्रनतयोनगतञा, तञातकञानिक िञाषण प्रनतयोनगतञा, वञा्-नववञा् प्रनतयोनगतञा, कनवतञा प्रनतयोनगतञा, गञायि प्रनतयोनगतञा आन् कञा आयोजि।

2.  न्िञंाक 31/10/2017 को ्ो प्रमखु वैज्ञानिक नवषयों अथञा्गत, (1) 2.45 गीगञािञाट््गज आवनृत पर सकू्म तरंग आयि स्ोत कञा नवकञास एवं 
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प्रोटञाि पूंज की गणुवत्ञा कञा मञापि एवं  (2)  समय नविमब प्रणञानियों के निए पी.आई.री. नियंत्क कञा अधययि, पर नि्ंी िञाषञा में वैज्ञानिक 
वञातञा्ग कञा आयोजि नकयञा गयञा।

3.  परमञाण ुऊजञा्ग नविञाग, ममुबई द्ञारञा न्िञंाक 22 फरवरी, 2018 (बिुवञार) को वीईसीसी, कोिकञातञा कञा रञाजिञाषञा कञायञा्गन्वयि संबंिी निरीक्ण 
के निष्कषयों एवं संस्ीय रञाजिञाषञा सनमनत के निरीक्ण प्रश्ञाविी पर नवशषे बैठक िुई । 

4.  कें द्र के अनिकञाररयों द्ञारञा पत्ों, िोनटंग आन् पर निखी जञािे वञािी नटप्पनणयों को नि्ंी में निख ेजञािे िते ु“मञािक नटप्पनणयों की नद्िञानषक 
िघ-ुपनुसतकञा” कञा प्रकञाशि कर सिी को नवतररत नकयञा गयञा।

5.  नि्ंी सप्तञाि समञारोि, 2017 के ्ौरञाि नि्ंी कञाय्गशञािञा कञा आयोजि।

6.  वष्ग 2017 में गिृपनत्कञा अणपु्रिञा के 14वें अकं कञा प्रकञाशि नकयञा गयञा ि।ै  

्वषया 2018-19 के ्ौरान राजभाषा नील्त के कारायान्वरन से समबलनि्त ल्वलिष्ट उपिल्िरों का सलंक्षप् ल्व्वरण : 

1. न्िञंाक 14/09/2018 को ‘इनंरयि सपेस ओनरसी’ नवषय पर निन््ी िञाषञा में वैज्ञानिक कञाय्गशञािञा कञा आयोजि नकयञा गयञा।

2. न्िञंाक 10-14 नसतमबर, 2018 तक नि्ंी सप्तञाि समञारोि कञा आयोजि एवं इस ्ौरञाि नवनिन्ि प्रनतयोनगतञाओ ंयथञा नि्ंी निबंि िेखि 
प्रनतयोनगतञा, तञातकञानिक िञाषण प्रनतयोनगतञा, वञा्-नववञा् प्रनतयोनगतञा, कनवतञा प्रनतयोनगतञा, गञायि प्रनतयोनगतञा आन् कञा आयोजि।

3.  न्िञंाक 30/11/2018 को “त्वरक, उनके अनुप्ररोग ए्ंव नालभकीर ल्वज्ान’’ नवषय पर निन््ी िञाषञा में रञाष्ट्ीय वैज्ञानिक संगोष्ी कञा 
सफि आयोजि।

4.  न्िञंाक 10 जिवरी, 2019 को नवश्व निन््ी न्वस कञा आयोजि।

5.  न्िञंाक 10 जिवरी, 2019 को नवश्व निन््ी न्वस के उपिक्य में “पररनमत िञानिकों से न्यटू्रॉि सटञार तकः सञामञान्य एवं असञामञान्य” नवषय 
पर वैज्ञानिक वञातञा्ग सि निन््ी कञाय्गशञािञा कञा आयोजि।

6.  पररवतती ऊजञा्ग सञाइकिोट्रॉि केन्द्र के अििुञागों में रञाजिञाषञा निन््ी के प्रगञामी प्रयोग से संबंनित वत्गमञाि नसथनत कञा जञायजञा िेिे के निए 
वीईसीसी की आि ्तररक निरीक्ण सनमनत द्ञारञा न्िञंाक 22 जिवरी, 2019 को कें द्र के नवनिि ्ि अििुञागों कञा निरीक्ण नकयञा गयञा।  

7. वत्गमञाि में कें द्र के 1388 कमप्यटूरों में से िगिग सिी कमप्यटू रों में यनिकोर की सनुविञा उपिब्ि करञाई गई ि।ै

8. वष्ग 2018 में गिृपनत्कञा अणपु्रिञा के 15वें अकं कञा प्रकञाशि नकयञा गयञा ि।ै  
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7.6 Awards & Honours

1. DAE Group Achievement Award – 2016

  “Development of Oil-Free Bakelite Resistive Plate Chamber for INO” – Group Leader Dr. Subhasis 
Chattopadhyay

  “Design, Development, Fabrication and Testing of a Novel 650 MHz, β=0.61, Single-cell 
Superconducting Cavity for Proton Linac” – Group Leader Smt. Sudeshna Seth

  “Design, Development, Installation and Commissioning of Precision Phase Regulation for High 
Power Three-phase RF System” – Group Leader Dr. Sumit Som

2. DAE Scientific & Technical Excellence Award – 2016 

  Dr. Gargi Chowdhury, Physics Group, VECC

  Dr. Tilak Kumar Ghosh, Physics Group, VECC

3. DAE Young Scientist Award – 2016 

  Dr. Swagata Mallik, Physics Group, VECC 

4. DAE Young Engineer Award – 2016 

  Shri Surajit Ghosh, ATG Group, VECC

5. DAE Group Achievement Award – 2017

  “Technology developed for Enhanced RD/WR Range, Ultralow Current Measurement and its 
transfer to the Industries” – Group Leader Dr. Tapas Samanta

  “Integration & Utilization of experimental setup for low energy nuclear physics using Indian 
accelerators” – Group Leader Dr. Chandana Bhattacharya

6. DAE Scientific & Technical Excellence Award – 2017

  Dr. Kaushik Banerjee, Physics Group, VECC

7. DAE Young Scientist Award – 2017 

  Dr. Pratap Roy

8. DAE Young Engineer Award – 2017 

  Shri Sundeep Ghosh, Mechanical Engineering Group, VECC

9. DAE scientist receives Young Scientist Presentation Award

In the Young Scientist Conclave (YSC 2016) organized on the occasion of the India International 
Science Festival, (IISF 2016), during 7th-11th December, 2016 in New Delhi, Shri Hemendra Kumar 
Pandey, has been awarded the first prize for “Young Scientist presentation Award” for the research 
work on the “Design and development of radiation hardened radio frequency PLL ICS for nuclear 
experiment, military as well as space applications” in strategic application group. The research work 
is based on reducing the adverse effects of radiation on electronic devices which are used in the arena 
of satellite communications, Space Science, Nuclear sector etc. The program was held at National 
Physical Laboratory, New Delhi under the aegis of Ministry of Science and Technology, CSIR and 
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Ministry of Earth Sciences, Government of India. The award was presented to Shri Pandey by Dr. 
Harshvardhan, incumbent Minister at Ministry of Science and Technology.

10. Best Poster Award 

Mr. Ajit Kumar (SRF), VECC, was awarded the Best Poster award in "National Symposium for 
Particles, Detectors and Instrumentation, NSPDI 2017", for his poster entitled " Testing of real-size 
prototype GEM detector for CBM-MUCH with Pb+Pb collision at CERN SPS". The Symposium was 
held at TIFR Mumbai from 4-7 October 2017.

11. The Best Stall Award

Public Awareness Cell of VECC along with Public Awareness Division (PAD) of DAE, Mumbai, 
participated in “Acharya Satyendranath Basu Smarak Bijnan “O” Prajukti Mela” at Scottish Church 
College Grounds, Hedua, Kolkata from January 19 – 22, 2017. A combined stall of DAE and VECC was 
arranged with posters and other exhibits. On the spot quiz was arranged every day, in which students 
of various schools, visiting the stall at that time, participated. The students were very enthusiastic 
in answering questions on the various activities of the Department of Atomic Energy, reactors and 
accelerators. Prizes of pens, pen drives and caps were distributed to students who could give correct 
answers. Fruitful interactions of students with the scientists of VECC and PAD, DAE happened at the 
stall. Organizers and student community appreciated our exhibits and interactions. Our stall (VECC-
DAE) received the “Best Stall Award” from the organizers of the Official Body of the Mela – “Paschim 
Banga Vigyan Mela – Uttar Purba Vigyan Kendra”.
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Officers/Employees retired in the year January 2017 – March 2019
GO 

Sl.
No. Name Designation CC No. Date of 

retirement

1 DR. S.R. BANERJEE OS 801/135 30-04-2017

2 SHRI RATHIN SAHA SO/E 801/263 30-06-2017

3 SHRI S. RAMANARAYA SO/G 801/189 31-07-2017

4 SHRI D.V.R. MURTHY DCSO 801/483 31-07-2017

5 SHRI T.P. TIWARI SO/E 801/384 30-10-2017

6 DR. V.S. PANDIT OS 801/119 31-10-2017

7 SHRI PROMOD DESHPANDE SO/D 801/175 30-11-2017

8 SHRI RAMA CHANDRA YADAV SO(F) 801/219 30-06-2018

9 DR. TAPAN KUMAR NAYAK SO(H) 801/261 30-06-2018

10 SHRI HAFIZUR RAHAMAN SO(E) 801/392 31-10-2018

11 DR. DEVASISH NARAYAN BASU SO(H) 801/121 28-02-2019

12 SHRI CH. RANGAIAH DCA 801/486 28-02-2019

13 SHRI RAJENDRA BALKRISHNA BHOLE SO(G) 801/198 31-03-2019

NGO 

Sl.
No. Name Designation CC No. Date of 

retirement

1 SHRI D.P. DAS SR.TN/G 807/129 31-01-2017

2 SHRI T.K. GHOSH DASTIDAR SR.TN/H 807/386 31-01-2017

3 SHRI S.S. GULERIA SA/C 807/489 31-01-2017

4 SMT. PRATIBHA GHOSAL TN/G 807/399 31-01-2017

5 SHRI BIJAY NANDY SR.WA/A 807/459 31-01-2017

6 SHRI P.K. BHATTACHARJEE SR.TN/H 807/408 31-01-2017

7 SHRI SAILA KUMAR MONDAL FM/B 807/502 28-02-2017

8 SHRI RAMEN KUMAR DAS FM/C 807/414 28-02-2017

9 SHRI K.P. MONDAL TN/G 807/442 28-02-2017

10 SHRI S.C. DAS CLERK 814/009 31-07-2017

11 SHRI M. BANDYOPADHYAY SA/F 807/542 31-08-2017

12 SHRI ASHOK KUMAR BODHAK TN/G 807/561 31-08-2017

13 SHRI PRABIR KUMAR DAS SA/F 807/308 30-09-2017

14 SHRI TAPAS MALLICK FM/D 807/595 30-09-2017

15 SHRI T. TIWARI TN/D 807/433 30-11-2017

8.0 Personnel
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Sl.
No. Name Designation CC No. Date of 

retirement

16 SHRI SAMIR SAHA TN/C 807/457 31-12-2017

17 SHRI DINABANDHU BACHAR TN(C) 807/544 31-01-2018

18 SHRI ACHINTYA KUMAR SAHA SA(G) 807/606 31-01-2018

19 SHRI AMIT GUPTA SA(E) 807/603 31-01-2018

20 SHRI BIDYUT MAJUMDAR TN(F) 807/536 30-04-2018

21 SHRI JIBESH GHOSH TS(A) 807/366 31-05-2018

22 SHRI PRADIP KUMAR MUKHERJEE SR.TN(H) 807/552 31-08-2018

23 SHRI AMIT BERA SR.TN(H) 807/405 31-10-2018

24 SHRI KALI PADA BACHHAR UDC 807/481 30-11-2018

25 SHRI PRADIP KUMAR DEY SCD-I 807/567 30-11-2018

26 SHRI BISWANATH DAS SCD-I 807/620 31-12-2018

27 SHRI TAPAN KUMAR DAS TN(G) 807/410 31-12-2018

28 SHRI B.K. MAZUMDER STENO-I 807/524 31-01-2019

29 SHRI P.K. BANDOPADHYAY UDC 807/551 31-01-2019

30 SHRI VASKAR GOPAL SIKDER SR.TN(H) 807/533 31-01-2019

31 SHRI MANNU HARI TN(F) 807/531 28-02-2019

32 SHRI MIHIR KUMAR DAS WA/C 807/529 28-02-2019

33 SHRI S.K. MUHURY SR.TN(H) 807/398 31-03-2019

34 SHRI BASUDEV RAM TN(F) 807/437 31-03-2019

Officers/Employees joined VECC in the year January 2017 – March 2019

GO
 

Sl. 
No. Name Designation CC No. Date of 

joining

1 SHRI SUJAN KUMAR ROY SO/C 801/494 01.08.2017

2 SHRI JOYDIP NANDI SO/C 801/495 01.08.2017

3 SHRI NILANJAN CHAUDHURI SO/C 801/496 01.08.2017

4 SHRI DEVESH KUMAR SO/C 801/507 01.08.2018

5 SHRI PIYUSH BHARE SO/C 801/508 01.08.2018

NGO 

Sl. 
No. Name Designation CC No. Date of 

joining
1 SHRI SUVANKAR DAS MUNSI SECURITY GUARD 807/957 28.03.2017

2 SHRI ARUP SARKAR SECURITY GUARD 807/958 31.03.2017

3 SHRI ABHIJIT SINGH SECURITY GUARD 807/959 12.05.2017
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Sl. 
No. Name Designation CC No. Date of 

joining
4 SHRI SOMNATH DALAL SA/C 807/964 18.12.2017

5 SHRI PRASENJIT DEBNATH SA/C 807/965 18.12.2017

6 KUM. CHANDRAYEE NATH SA/C 807/969 18.12.2017

7 SHRI CHINMAY GIRI SA/C 807/970 18.12.2017

8 SHRI SAYED MASUM SA/C 807/971 18.12.2017

9 SHRI SHYAM PADA MANDAL SA/C 807/974 18.12.2017

10 SHRI SANKET HAQUE SA/C 807/986 18.12.2017

11 SHRI PANKAJ KUMAR TECHNICIAN/B 807/966 18.12.2017

12 SHRI DEEPAK KUMAR VERMA TECHNICIAN/B 807/967 18.12.2017

13 SHRI PIJUSH MAL TECHNICIAN/B 807/968 18.12.2017

14 SHRI ARUP MAHATA TECHNICIAN/B 807/972 18.12.2017

15 SHRI PRALAY SEN TECHNICIAN/C 807/973 18.12.2017

16 SHRI JAYDEV BHAUMIK TECHNICIAN/B 807/975 18.12.2017

17 SHRI MRITYUNJOY SANTRA TECHNICIAN/B 807/976 18.12.2017

18 SHRI SUMAN DAS TECHNICIAN/B 807/977 18.12.2017

19 SHRI ASHISH DAS TECHNICIAN/B 807/978 18.12.2017

20 SHRI SUDEEP MANDAL TECHNICIAN/B 807/979 18.12.2017

21 SHRI SUBHADIP BISWAS TECHNICIAN/C 807/980 18.12.2017

22 SHRI RATAN DAS TECHNICIAN/B 807/981 18.12.2017

23 SHRI SHUBHOJIT GON TECHNICIAN/B 807/982 18.12.2017

24 SHRI ARUP MAITY TECHNICIAN/B 807/983 18.12.2017

25 SHRI SOURAV CH. PAL TECHNICIAN/B 807/984 18.12.2017

26 SHRI SUDIP PATRA TECHNICIAN/C 807/985 18.12.2017

27 SHRI PIKLU DAS KANUNGO TECHNICIAN/B 807/987 18.12.2017

28 SHRI JAYANTA KARMAKAR TECHNICIAN/B 807/988 18.12.2017

29 SHRI DHIRAJ KUMAR TECHNICIAN/B 807/989 18.12.2017

30 SHRI RAJEEV KUMAR TECHNICIAN/B 807/990 18.12.2017

31 SHRI PRANAB SARKAR TECHNICIAN/B 807/991 20.12.2017

32 SMT. JOLY KHATUN TECHNICIAN/B 807/992 18.01.2018

33 SHRI S.R. RAGHUWANSHI SA/C 807/996 29.05.2018

34 SHRI PRAKASH KUMAR SA/C 807/998 02.07.2018

35 SHRI MANAB KUMAR MANNA SECURITY GUARD 807/1000 12.10.2018

36 SHRI SURJEET RAM BHAGAT SECURITY GUARD 807/1001 29.10.2018

37 SHRI PRADEEP KUMAR SECURITY GUARD 807/1002 01.11.2018

38 SHRI RAMA KRISHNA MEDO TECHNICIAN/B 807/1004 01.01.2019
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Officers/Employees joined VECC on transfer from other unit in the year 
January 2017 – March 2019

GO 

Sl.
No. Name Designation CC No. Date of 

joining Transfer from

1 SHRI SUBHASISH PAHARI SO/E 801/493 27-06-2017 BARC

2 SHRI VINIT TATYABA PAWAR DCSO 801/497 14-08-2017 DCSEM

3 SHRI C.V.S. SASTRY AO-III 801/498 04-09-2017 BARC

4 SHRI K.V. PRASAD BABU AO 801/500 12-10-2017 AMD

5 SHRI VINOD NARAYAN VAIDYA AAO 801/503 29-12-2017 BARC

6 SHRI ARIHANT KUMAR JAIN SO/D 801/504 19-02-2018 RRCAT

7 SHRI USHNISH SARKAR SO/E 801/505 26-03-2018 BARC

8 DR. ABHISHEK MITRA SO/F 801/506 28-06-2017 IGCAR

9 DR. LEKHA M. CHOWDHURY SO/G 801/512 21-02-2019 BARC

10 SMT. K. ARUNDHATHI 
PADMANABHAN DCA 801/513 27-03-2019 AERB

NGO 

Sl.
No. Name Designation CC No. Date of 

joining Transfer from

1 SHRI AMALENDU GOPE TN/C 807/956 23-01-2017 RRCAT

2 SHRI SUSANTA KUMAR PAUL AA 807/960 23-05-2017 DPS

3 SHRI ISWAR KUMAR ANAND TN/D 807/961 03-10-2017 BARCF,KALP

4 SHRI SUPHAL SURIN TN/F 807/962 04-12-2017 NFC

5 SHRI GIRIJESH KUMAR TN/D 807/963 11-12-2017 BARCF,KALP

6 SHRI SUJON CHANDRA GHOSH SA/D 807/1005 11-03-2019 RRCAT

Officers/Employees transfered to other unit from VECC in the year January 
2017 – March 2019

GO 

Sl.
No. Name Designation CC No. Date of 

transfer Transfer to

1 SHRI SOMESH SONI SO/E 801/402 30-06-2017 RRCAT

2 SHRI SAMARENDU SINHA SO/E 801/270 27-07-2017 BARC

3 SHRI AROOP BANERJEE AO-III 801/456 04-07-2017 DCSEM

4 SHRI RAMA KRISHNA DALAVAI AO 801/478 12-10-2017 IIW, DAE

5 SHRI HITENDRA YADAV SO/C 801/460 16-02-2018 RRCAT

6 SHRI GAURAV SAXENA SO/F 801/359 27-04-2018 RRCAT

7 SHRI DEBJIT GUPTA APO 801/375 22-02-2019 AMD(ER)
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NGO 

Sl.
No. Name Designation CC No. Date of 

transfer Transfer to 

1 SHRI OM PRAKASH SINGH TN/F 807/709 20-01-2017 RRCAT

2 SHRI M. VIJAYAKUMAR TN/D 807/822 13-10-2017 BARC, KALP

3 SHRI LALIT KUMAR SHRIMALI FIREMAN/A 807/941 05-03-2018 HWP, KOTA

4 SHRI KASARLA VEERACHARY TN/F 807/736 05-04-2018 NFC

5 SHRI Y.E. RAO TN/F 807/738 13-04-2018 BARCF, VIZAG

6 SHRI S.R. KAMBLE ASST.A 807/953 18-06-2018 DCSEM

7 SHRI DEVENDRASINH VAGHELA SU-OFFICER(B)1 807/943 26-10-2018 RRACAT

8 SHRI S.S.S. SABBAVARAPU TN/D 807/874 22-12-2018 BARCF,VIZAG

9 SHRI LALIT BIRANWAR SA/C 801/816 08-03-2019 RRCAT

Officers/Employees expired in the year January 2017 – March 2019

GO 

Sl.
No. Name Designation CC No. Date of joining Date of expiry

1 SHRI M.L.V. KRISHNAN SO/D 801/416 29-09-2009 21-04-2017

2 SHRI DILIP KUMAR CHAKRABORTY SO/D 801/340 16-04-1991 06-02-2018
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