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FOREWORD 

he K130 room temperature cyclotron is presently accelerating light ions like alpha, proton 
and different types of heavy ion beams that are used for nuclear physics, radiation damage, 

material science, isotope production and other experimental research programs by scientists from 
VECC and other DAE units, various universities and other research institutes all over the country. 
Light ion beams (proton and alpha) have been extensively used by the users during the period 2021-
22. The cyclotron operation was possible for 7029 hours out of which the cyclotron availability time 
was 5578.5 hours (79.4%). 

In a major development, 30MeV Medical Cyclotron Facility (MCF), operated by VECC, was 
facilitated to BRIT to indigenously produce Thallium-201 radioisotope (SPECT) and delivered to 
hospitals for human applications, showing good bio-distribution with excellent quality images, very 
good cardiac uptake, liver and other soft tissue uptake low compared to 99mTc-MIBI performed on 
same patients.  For the first time in India, the indigenously produced Thallium-201 radioisotope has 
been used for human applications and this will definitely minimize the import of the Thallium-201 
radioisotope in near future, resulting in availability to the common man at an affordable cost. This 
scintillating achievement is a significant step towards development of indigenous healthcare tools and 
techniques for an #AtmaNirbharBharat.  

Besides the above, VECC continued facilitating 30MeV Medical Cyclotron System for commercial 
production and delivery of radiopharmaceuticals by BRIT to various hospitals/Nuclear Medicine 
Centres in and around Kolkata, on regular basis for cancer diagnosis of patients. 

This year we have produced radioactive ion beam of Carbon-11, a PET radio-isotope, for the first time 
at VECC. The isotope has a half-life of about 20 minutes and a potential candidate for next generation 
hadron therapy using radioactive carbon beams. With this production, the newly built 2.45 GHz gas-
jet ECR ion-source and mass separator has been commissioned for RIB. The other major activity was 
related to R&D on gap areas for the ANURIB project. In a recent experimental endeAvour, we have 
measured 4D transverse emittance of 100 KeV RF guided thermionic electron gun using second 
moment of beam distribution and by varying current of a single solenoid. The electron gun is the 
source for a 10 MeV injector cryo-module which was built in collaboration with TRIUMF, Canada. 
The challenge of feeding of RF power in tens of kilo-watts in an RF cavity is overcome for a four rod-
type RFQ Linac by using multi-port feeding technique with the help of a set of multiple RF power 
couplers. In another study, an empirical formalism is worked out for the prediction of cross sections of 
neutron-rich nuclei produced during projectile fission of 238U. The RIB group target laboratory has 
supplied about 25 target, several pellets and foils to various users this year as well and installed a new 
vacuum deposition unit for thin film study. The group has prepared and investigated CaSO4:Dy 
phosphor for its neutron sensitivity. On the activities related to materials science, the group has studied 
the formation of reversible or irreversible lattice defects in methyl ammonium lead iodide perovskite 
using positron annihilation spectroscopy. The group has also studied the magnetic properties of 
different samples using first principle calculations in the framework of density functional theory. On 
the beam utilization front, the group has studied broad ion beam induced nano dot formation using 
N2

+ ion bombardment and investigated the surface pattern formation and optical band gap reduction of 
muscovite via bombardments of different ions produced using RIB facility. In another interesting 
work, the variation of secondary-electron yield and target temperature with the variation of beam 
intensity is studied. The effect of In2O3 addition on improving the properties ZnO–V2O5–
Nb2O5 varistor ceramics along with the micro-structural development at different sintering 
temperatures was also explored by the group. A two-photon optical set-up for Rydberg spectroscopy 
of alkali atoms has been prepared and tested by group members at the ISOL facility using a Master 
Oscillator Power Amplifier (MOPA) laser system. Also, we have produced RIB of 43K (half-life 22 
hrs) for the first time in ISOL facility that uses a surface ionization source with almost two orders of 
higher intensity than previously produced using ECR ion-source. 
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The vibrant experimental group has carried out excellent research. They have measured the high 
energy gamma rays from spontaneous fission at the Jaduguda underground lab and provided a new 
upper limit. The group has performed noble work by measuring alpha decay rate under compression, 
Hoyle analogue state in 16O, fusion suppression in complex fragment emission and isospin dependence 
of nuclear level density. On the development front, a signal from the cryogenic penning trap at 4°K 
has been obtained and ethernet interfaced remote control system has been developed for pulse shape 
discrimination. 

In the low and intermediate energy domain, the isospin diffusion of the quasi-projectile formed in 
reactions around the Fermi energy domain is investigated using the Boltzmann equation. Fission 
trajectories are obtained within the density functional theory framework, allowing for a microscopic 
determination of the most probable fission prefragment configurations. Microscopic calculations of 
Isovector Giant Dipole Resonance at finite temperature were successfully done. In the higher energy 
domain, dilepton production from hot, dense and magnetized quark matter is studied using the 3-flavor 
Polyakov Nambu–Jona-Lasinio (PNJL) model considering the anomalous magnetic moment of the 
quarks. The ratio of photon anisotropic flow in relativistic heavy ion collisions was also studied. The 
impact of QCD critical point (CP) on the spin polarization of Lambda-hyperon in viscous quark gluon 
plasma (QGP) has been studied by using in-house developed computer code to solve (3+1) 
dimensional relativistic viscous causal hydrodynamics. The equation of state as well as structure of 
rotating hybrid stars was studied using color flavor locked quark matter.  

The Experimental High Energy Physics and applications Group, VECC is engaged in exploring the 
strongly interacting matter under extreme temperature and density in the laboratory. For achieving 
such extreme conditions, heavy ions (e.g., Au, Pb) are accelerated at relativistic energies to collide 
with another heavy ion. Presently, VECC has been participating in two such major experiments i.e., 
ALICE at LHC-CERN and CBM at FAIR-Germany. VECC researchers have been working in 
analyzing data collected by the ALICE experiment for understanding the production of direct photons, 
particles with heavy flavors and particles at intermediate energies. Apart from that VECC is taking a 
lead role in development of p-type Si-pad detectors for the upgrade of ALICE detector in the form of 
installation of an electromagnetic calorimeter at the forward rapidity region. One such prototype p-
type detector has been tested at VECC recently. For the CBM experiment at FAIR facility at 
Darmstadt, Germany, VECC is working on development of the dimuon system by employing an 
advanced gaseous detector called GEM. Two large size GEM chambers and a large size single-gap 
RPC have taken data at the SIS18 facility of GSI-Germany at very high beam intensity. VECC has 
made contributions in both physics analysis, simulation and in detector hardware activities. As a spin-
off, a muon tomography setup using RPC has been setup and detailed performance analysis is 
ongoing. 

Advancement in ASIC-based electronic developments continued with the developments of Neutron 
Flux Monitor (NFM), Multichannel Charge Sensitive Amplifier (MCSA-16), Multichannel shaper and 
discriminator for CPDA detectors etc. An EPICS based application has been developed for saving the 
operational setting of RTC in MySQL based database. Several developments related to IT services and 
IT security of VECC are carried out such as Meeting Room Booking Portal, Web-based video 
conferencing facility, SNORT-based Network Intrusion Detection System, Alert generation module in 
log management system, Network Access Control System etc. Activity on AI-based handshape 
recognition of Indian Sign Language is also reported here. 

The academic activities of Homi Bhabha National Institute (HBNI) at VECC have continued as usual 
with its Ph.D programme.  In spite of COVID-19 pandemic we managed to organize a few Symposia 
& other events. 

            Sumit Som 
            Director 



 
 

 
 

PREFACE 

his report brings out the scientific and technical activities of Variable Energy Cyclotron Centre, 
Kolkata during April 2021 to March 2022. The format of this report has remained identical to the 

previous one. Division of the chapters and distribution of the contents are also very similar. Division 
of the chapters is given in the contents.  

Research activities of this centre are available in chapter 1. The Operational status and Research and 
Development activities of the K130 Room Temperature Cyclotron and Medical Cyclotron are reported 
in chapter 2. The activities related to Computer and Informatics Group is mentioned in chapter 3. 
Chapter 4 contains activities related to Instrumentation and Methods. The activities of the Radioactive 
Ion Beam facilities are available in chapter 5. Chapter 6 provides a comprehensive list of publications, 
thesis, awards/honours, events and other activities in this Centre.  

The editorial board has tried utmost 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 if any 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 

PRECISION DETERMINATION OF ALPHA DECAY RATE FROM 
211At IMPLANTED IN DIFFERENT HOST MEDIA 

A. K. Sikdar, J. Nandi, D. Pandit, Parnika Das, Sazedur Rahaman Laskar and A. Ray# 

#Financially assisted by Science and Engineering Research Board, Government of India, grant no: CRG/2020/003237. 

e have undertaken a precision study of -decay rates of 211At implanted in a small lattice (Pd), 
large lattice (Pb) and semiconductor material silicon (Si). Recent theoretical works [1] predict an 

observable change of -decay rate under high compression and density functional calculations indicate 
that similar compressions could be achieved by implanting the -emitting element in the interstitial 
spaces of a small lattice such as Pd. Moreover, a theoretical work [2] indicated the possibility of 
observable change of -decay rate from an analysis of the quantum decoherence of the decay products 
by the interaction with the environment. The present study was undertaken because of these theoretical 
reasons.       

211At ions were produced by bombarding a natural bismuth target with a 29 MeV 4He2+ beam from 
VEC. The alpha beam loses ~ 2 MeV energy while passing through 25 μm bismuth foil. The energetic 
211At ions produced in the last few layers of bismuth foil came out with an average kinetic energy of 
0.5 MeV and get implanted in lead, silicon and palladium catcher foils placed behind the bismuth 
target. It was expected that 211At nucleus decaying to 207Bi nucleus with 41.8 % probability would emit 
an alpha particle (Eα =5869.5 keV) with a half-life of 7.214 hrs. The emitted alpha particles would be 
detected using a silicon surface barrier detector and monitored continuously for ten half-lives. A 
standard pulse generator was used for pile-up rejection and dead time corrections. However, during the 
analysis it was observed that spectrum differed when 211At was implanted in different lattices as shown 
in Figure 1. 

 
Figure 1: Alpha spectrum of 211At implanted in different catcher foil 

It is understood that alpha beam of 27 MeV while passing through the Pb-catcher produced 211Po 
nuclei and it emitted 5.3 MeV alpha particles. A broad distribution was observed as 5.3 MeV alphas 
were getting emitted throughout the thick 25 μm lead foil. A background run was carried out where 27 
MeV alpha beams from VEC were impinged directly on Pb and Pd foil to observe the presence of any 
unwanted lines in the alpha spectrum in our energy region of interest. The alpha spectrum for lead 
background run is shown in Figure 2. 

W
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Figure 2: Alpha spectrum for lead background 

Experiment to observe the α-decay rate change of 211At implanted in Pd, Si and Pb foil was performed 
twice. However, this time, alpha particles were detected with Passivated Implanted Planar Silicon 
(PIPS) detector instead of Silicon Surface Barrier (SSB) detector to identify if any detector dependent 
systematic effect exists. The extracted half-life agrees well the standard literature value of 
(7.214±0.007) hours and we are studying carefully for any small changes.     

References: 
[1] F. Belloni, Eur. Phys. J. A 52, 32 (2016). 
[2] L. Fonda et. al, Rep. Prog. Phys. 41, 587 (1978). 

 

SIGNAL OBSERVATION FROM TRAPPED ELECTRON CLOUD IN 
VECC CRYOGENIC PENNING TRAP AT 4K 

A. K. Sikdar, J. Nandi, Parnika Das and A. Ray# 

#Financially assisted by Science and Engineering Research Board, Government of India, grant no: CRG/2020/003237. 

ryogenic Penning trap at VECC operated successfully at liquid helium temperature (4K). This 
Penning trap facility has been indigenously built and tested at VECC, Kolkata which operated 

both at room temperature and liquid nitrogen temperature. A cloud of electrons was trapped in a 
closed-ended, 5-electrode, cylindrical Penning trap by applying an approximately homogeneous ~0.2T 
magnetic field and quadrupolar electrostatic potential ~10V. The axial oscillations of the trapped 
electrons were observed when the image current of trapped electron in the Penning trap was detected 
using resonant detection circuit developed at VECC. 

The Penning trap electrode setup shown in Figure 1 along with its detection electronics was enclosed 
in a vacuum chamber. The vacuum chamber was evacuated, pinched off and then immersed in liquid 
Helium. 

The Penning trap operation thus required components like feedthrough [1], helical resonator [2,3] and 
low noise amplifier operational [4] at 4K. The trap electrode assembly and detection circuits [4] 
indigenously built at VECC operated successfully at 4K. Fabricated trap electrodes at VECC 
workshop with ~ 30 micron tolerance, helical resonator designed and multi-pin feedthrough designed 
and developed at VECC are shown in Figure 2. An amplifier operational at cryogenic temperate has 
also been developed for Penning trap signal amplification [5]. 

C
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Figure 1: a) Schematic Penning trap electrode assembly, (b) Penning trap electrode assembly with detection circuit 

 
Figure 2: (a) Penning trap electrode fabricated at VECC workshop, (b) Helical resonator designed and developed, (c) 19 pin 

Electrical and coaxial Vacuum Feed-through developed and tested down to 4 K. 

 

 
Figure 3: (a) A typical dip signal of trapped electron cloud, (b) Increase in signal strength with excitation, (c) Increase in 

signal strength with primary field emission current. 
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The electron was generated by applying voltage (~ 600 V) to Field Emission Point (FEP). The primary 
high energy electrons from FEP collided with the background gases and generated secondary electrons 
which were eventually confined in Penning trap. A ramp voltage was applied to the electrodes of the 
trap and it changed the axial oscillation frequency of trapped electron cloud. When the axial oscillation 
frequency matched with the resonance frequency of LCR circuit, a transfer of energy took place. This 
is observed as a dip signal when the power variation at the resonance frequency of the detection circuit 
was measured as shown in Figure 3. Trapped electron signal response at 4K following varied 
conditions like excitation and change in the input current are also shown in Figure 3. The trapped 
signal increased with the increase in the excitation power as well as the passage of higher primary 
electrons through the trap. 

References: 
[1] A. K. Sikdar et. al, Rev. Sci. Instr. 91, 074707 (2020). 
[2] Joydip Nandi et. al, Nucl. Inst. Meth. A 978, 164465 (2020). 
[3] Joydip Nandi et. al, Rev. Sci. Instr. 93, 014706 (2022).  
[4] Ashif Reza et. al, Rev. Sci. Instr. 88, 034705 (2017). 
[5] Ashif Reza et. al, Indian Journal of Cryogenics, 41, 146 (2016). 

 

NEUTRON DIFFRACTION STUDIES OF PRISTINE HfO2 AND Ta-
DOPED HfO2  

S. Pathak, Parnika Das, M. Sahu1, S.D. Kaushik1 

1UGC-DAE Consortium for Scientific Research, R-5 Shed, BARC, Mumbai, 400085, India 

n a recent study on Ta-doped HfO2 samples under ambient conditions, an orthorhombic-I phase 
formation similar to the high pressure phase of undoped HfO2, was observed on increasing the 

doping concentration beyond 1% [1]. Neutron diffraction data for pristine, 1% Ta-doped and 10% Ta-
doped HfO2 were taken in powder diffractometer (PD-3) of BARC and the diffraction patterns are 
shown in Figure 1. The newly emerged peaks for 10% doped sample are shown with arrows in this 
figure. Rietveld technique of the synchrotron X-ray diffraction pattern and neutron diffraction pattern 
analysis using Rietveld technique as shown in Figure 2, confirmed orthorhombic phase formation in 
doped samples at ambient conditions. 
 

 
Figure 1:  

 
Figure 2:  Rietveld refinement of diffraction patterns for 1% Ta-

doped HfO2 
References: 

[1] S. Pathak, P. Das, M. Sahu, et al., High Pressure Res. 40, 434 (2020). 
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DESIGN OF A HELICAL RESONATOR WITH IMPROVED FIGURE 
OF MERIT 

J. Nandi, A. K. Sikdar, Parnika Das and A. Ray# 

#Financially assisted by Science and Engineering Research Board, Government of India, grant no: CRG/2020/003237. 

 helical resonator serves as a key element for the detection of the trapped charged particles in a 
Penning trap. In order to compare the performance of helical resonators, the concept of Figure of 

Merit (FOM) was introduced by S. Ulmer [1]. 

 
Figure 1: Schematic drawing of a helical resonator. Dimensions are not to scale. 

In this work, we have studied the variation of FOM with various geometrical parameters of a helical 
resonator through extensive numerical simulations using COMSOL Multiphysics software. The 
resonator which could be accommodated in our trap setup would have the maximum diameter (D) of 
50 mm and length (L) of 66.3 mm. These two geometrical parameters have been kept constant 
throughout the iteration. In Figure 1, we show a schematic drawing of the resonator showing the pitch 
of winding (p), diameter of helix (d), the distance of the short end from the bottom plate of the outer 
shield (z) and the length of the helix (b). In Figure 2 we have shown that the FOM has been 
maximized with respect to all the geometrical parameters within the constraint of fabrication and 
within the constraint in the experimental set up. The results of this work have been published in Ref. 
[2]. 

 
Figure 2: (a) The variation of Figure of Merit with the number of turns for z = 12 mm and p = 5.2 mm. Red dashed line, 

green solid line and blue dotted line represents the variation of FOM with number of turns for diameter of helix (d) = 26 mm, 
28.4 mm & 30 mm respectively. (b) The variation of Figure of Merit with the number of turns for z = 12 mm and d = 28.4 

mm. Black dashed line, red solid line, blue dotted line, pink dash dotted line and green short dotted line represents the 
variation of FOM with number of turns for pitch of helix (p) = 3.5 mm, 4 mm, 5.2 mm, 5.6 mm & 6.5 mm respectively. 

 
References: 

[1] S. Ulmer et. al, Nucl. Inst. Meth. A 705, 55 (2013). 
[2] Joydip Nandi et. al, Rev. Sci. Instr. 93, 014706 (2022). 
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THE FIRST PHYSICS EXPERIMENT AT THE JADUGUDA 
UNDERGROUND SCIENCE LABORATORY (JUSL) 

Deepak Pandit, Debasish Mondal, T. K. Ghosh S. Mukhopadhyay, Surajit Pal, A. Sen,  
A. K. Saha, V. N. Jha1, Satyajit Saha2, C. Bhattacharya, A. K. Mohanty3  

1Health Physics Unit, BARC, Jaduguda, Jharkhand, 832102, India 
2Saha Institute of Nuclear Physics, 1/AF-Bidhannagar, Kolkata, 700064, India 

3Bhabha Atomic Research Centre, Mumbai, 400085, India        

he discovery of nuclear fission (1938) and its utilization (e.g; production of power in reactors or 
nuclear weapons) has fascinated science as well as the history of mankind! In the last more than 

80 years’ progress in the field of fission research and the successful operation of nuclear reactors 
around the globe has given us confidence that we understand the basic features of the nuclear fission 
process. 

However, experiments carried out in the last three decades at Washington University (USA), KVI-
Groningen (Netherlands), Tohuku University (Japan), VECC (India) and Moscow State University 
(Russia) claimed to observe high energy (more than 25 MeV) gamma-rays in the spontaneous fission 
of Californium (and understood it in terms of nucleus-nucleus coherent bremsstrahlung emission 
which is basically emission of gamma rays when a charged particle deaccelerate in nuclear Coulomb 
field). This is intriguing as no fission theory can explain the emission of high energy gamma ray and 
indeed put a question mark on our understanding of the fission process itself after comprehensive 
research of more than 80 years in this field. If this claim of emission of high energy gamma-ray is 
indeed true, then less energy from the fission process would go to produce heat the steam in a nuclear 
reactor, as the gamma energy comes at the cost of the kinetic energy of the fission fragments. 

To verify indeed if high energy gamma rays are emitted in the fission process, scientists of VECC 
went to the newly built 555-meter-deep underground laboratory at the UCIL complex in Jaduguda. At 
UCIL, an abandoned cavern of the uranium mine was turned into a laboratory that was inaugurated by 
Dr Sekhar Basu, the then Chairman of Atomic Energy Commission in September 2017. The reason 
that the scientists went to carry the experiment in the underground laboratory is that the cosmic muons 
background (which gives gamma like signal in scintillator detectors that were used in earlier 
experiments) will be drastically less. Our scientists measured the reduction in cosmic muons in the 
underground laboratory and found to be 24,000 times less compared to the surface laboratory. 

 

 
Figure 1: VECC researchers carrying an experiment at the 555-meter-deep 

underground laboratory at JUSL 

 
Figure 2: Measured gamma-ray spectra for 

photon emission from the spontaneous fission 
of Californium 

 
The barium fluoride detectors (BaF2) that were used in the experiment were built by our scientists at 
VECC itself. They measured the high energy rays utilizing part of the detector array named LAMBDA 
(Large Area Modular Detector Array). The experiment was carried out for more than a year-long 

T
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duration, mostly in the Covid era that affected the travel; however, our scientists were successful in 
achieving their goal. 

VECC scientists collected 25 billion fission events, the highest ever compared to earlier experiments. 
As mentioned, underground laboratories facilitated them to carry out the most background free 
environment. This made a significant difference compared to all the previous experiments. Also, the 
granularity of LAMBDA detectors helped them efficiently separate cosmic muons (that produce a 
track in the detector) from the high energy gamma rays (which produce cluster in the detector rather 
than track). 

Our scientists found only two events that are potential candidates to be high energy gamma rays. 
Significantly, this observed number is two orders of magnitude less compared to all the previous 
experiments carried out at the surface laboratory (the expected number was at least 400 as per the 
previous experimental upper limit). 

VECC experimental findings bring out two facts. First, all the earlier experiments in the surface 
laboratory could not efficiently reject cosmic muons background. This implies that the standard 
technique (using veto detectors) to reject cosmic muons in any low count rate experiment should be 
viewed cautiously. And secondly, VECC scientists could provide a new upper limit of emission of 
high energy gamma rays (with 95% confidence limit) from Californium fission. Modification of 
existing theories, or new theories of emission of nucleus-nucleus coherent bremsstrahlung is indeed 
important to explain this new upper limit. 
 
This is the First Physics experiment in the newly built underground laboratory. The findings have been 
published in journal [Physics Letters B 823, 136760 (2021)]. 

 

DEVELOPMENT OF AN ETHERNET INTERFACED REMOTE 
CONTROL SYSTEM FOR  

PULSE SHAPE DISCRIMINATOR 

S. Dalal, P. Bhaskar, A. K. Saha, K. Banerjee, L. M. Chowdhury & C. Bhattacharya  

n neutron spectroscopic measurements, a Pulse Shape Discriminator (PSD) is used to discriminate 
neutron and gamma induced events. During experiments, for proper optimisation of n – γ, settings 

like CFD Walk, LLTH, Z/C and PSD Delay needs to be adjusted often. Since available PSD modules 
are manually controlled, hence the beam has to be stopped for changes in settings when such modules 
are used inside the experimental area of RTC. To avoid such a situation, an Arduino based Ethernet 
interfaced remote control system was developed for an in house made dual channel PSD module and 
was used in experiments with the RTC in experimental area (Cave 2) with beam ON by users of 
Physics Group, VECC. 

 
 Figure 1: Front view                                       Inside view                                    Rear view 

 

I
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The control module consisting of Arduino boards, RC-low pass filters and buffers is mounted inside 
the module and connected to the mother board of PSD with suitable interconnections as shown in 
Fig.1. The input, output and monitoring connectors of PSD are provided at the front panel while a RJ-
45 connector and a reset button are provided at the rear panel of the module for Ethernet connection. 
An Arduino Mega 2560 microcontroller board was utilised along with its compatible Ethernet Shield 
which was designed as a web based server and assigned with a unique IP-address to access the module 
[1]. A custom webpage was developed using HTML in the control server as user interface. The 
Arduino was coded to implement the four parametric values (viz. LLTH, CFD-walk, Z/C, PSD-Delay) 
submitted by user through custom built webpage. The Arduino board calculates the ADC values for 
desired settings and creates pulse width modulated (PWM) outputs accordingly. The PWM outputs are 
converted to DC voltages by RC-low pass filters and fed to respective points such as the CFD Walk, 
LLTH, Z/C and PSD Delay on mother board of the developed PSD after passing through a voltage 
buffer.  
The developed module has been extensively tested with a 5" diameter × 5 " thick liquid scintillator 
based neutron detector with a 252Cf source. The pulse height output and Z/C output was acquired using 
CAEN make VME 785 ADC. A two dimensional plot of these two outputs are shown in Fig.2. In the 
figure, the upper band refers to neutron events and the lower band refers to gamma events and it seen 
that the two bands are clearly discriminated. 

 
Figure 2: Two dimensional Pulse height versus Z/C spectra acquired with CAEN VME DAQ. 

The neutron detector pulse height signal was calibrated using the Compton edges of γ-ray spectra from 
22Na and 137Cs. The Z/C over separation spectra with this module at different pulse height ranging 
from 50 KeVee to 600 KeVee is plotted and shown in figure 3 (Left). The Z/C over separation spectra 
can be quantified in terms of figure of merit (FOM). At a given energy threshold, the FOM is defined 
as the ratio of centroid separation to the sum of the FWHM of the neutron and gamma peaks. The 
neutron and gamma peaks are fitted with two Gaussian distribution curves. Their Means and FWHMs 
with errors are used to calculate FOM. 

 
Figure 3: (Left): Z/C over separation spectra at different pulse height. (Right): Plot of FOM as a function of pulse height. 
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The FOM was compared with an available commercial make model, MPD-4 of M/s. Mesytec [3] in 
the same setup with same settings. A plot of FOM as a function of pulse height using the developed 
module and the MPD-4 is shown in figure 3(right) which clearly indicates a better response of the 
developed module. 
References: 

[1] S. Dalal et.al, JINST 16 P01008 (2021).  
[2] K. Banerjee et al, NIM. A 608, 440 (2009). 
[3] www.mesytec.com 

 

PRECOOLING ARRANGEMENT FOR CRYOGENIC PENNING TRAP 
AT VECC 

 Parnika Das, Lekha M. Chowdhury, Uday Kumar1, Hiten Singh1, Pawan Bairagi1, Srinivasa M1 

1ITER-India, IPR Gandhinagar, 400085, India 

n order to reduce the amount of liquid Helium required to bring the Penning trap setup encapsulated 
in a vacuum jacket to cryogenic temperature (4K), an arrangement is being designed and developed 

to pre-cool the sample before inserting into the liquid helium bore in collaboration with IPR, 
Gandhinagar. As per available literature, a reduction by a factor of 20 in consumption of helium is 
possible if the sample is pre-cooled to ~77 K using liquid nitrogen before insertion to the helium bore. 
A preliminary design as shown in Figure 1. is ready, and test of critical components is in progress. 
Design will be finalised after the critical tests are successfully conducted. 

 
Figure 1: Integrated schematic considering interface with existing system and Model (3D) for visualization in accordance 

with measured dimensions 

A rectangular vacuum chamber is conceptualized to allow access via openable front door to 
load/unload the sample. The dimensions of the vacuum vessel are governed by the components to be 
housed inside it (copper clamps, LN2 supply & return hoses and linear actuator). Additionally, a 
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dedicated space is reserved for cable installation post inserting the sample inside liquid helium bore. 
The tentative dimensions of the vacuum vessel are 250 mm (W) x 2100 mm (H) x 450 mm (D). 

One critical part of pre-cooling arrangement is Push pull arrangement with bellows for precooling the 
vacuum chamber to 77K as shown in Fig 2(a). The cold copper clamps have to firmly hold the sample 
housing (shown in blue in Fig 2b.) with sufficient force to achieve the required thermal contact to cool 
the sample to 80K temperature. This is conceptualized using the push pull device (using compression 
bellows) from both lateral sides to cover the full sample surface area. A test setup to cool down a 
vacuum chamber inside vacuum chamber arrangement using push-pull arrangement is being 
developed at VECC. Second critical component is a linear actuator having movement span about 1.5 
meter operational under vacuum at low temperature ~80K. Process for the procurement of a linear 
actuator operating under cryogenic condition has been initiated. 

 
Figure 2: Push-pull arrangement 

 

SEARCH FOR THE HOYLE ANALOGUE STATE IN 16O 

 S. Manna1, T. K. Rana1, C. Bhattacharya1, S. Kundu1, R. Pandey1, K. Banerjee1, Pratap Roy1#, 
A. Sen1, T. K. Ghosh1, G.Mukherjee1, Debasish Mondal1, Md. Moin Shaikh2, J. K.Meena1,  

P. Karmakar1, D. Paul1, K. Atreya1, S. Basu1, V. Srivastava3, A. Chaudhuri, T. Roy, A. Asgar,  
A. Dey, A. Dhal4, M. Sinha, J. K. Sahoo, A. K. Saha, R. M. Saha, S. Bhattacharya* 

1Homi Bhabha National Institute, Training School Complex, Anushakti Nagar, Mumbai 400094, India  
2Department of Physics, Chanchal College, Chanchal, Malda, West Bengal 732123, India 

3Department of Physics, Panjab University, Chandigarh 160014, India 
4ELI-NP, Str. Reactorului no. 30, P.O. BOX MG-6, Bucharest-Magurele, Romania 

#Present address: GSI Helmholtzzentrum für Schwerionenforschung, 64291 Darmstadt, Germany  
*Retired 

he Hoyle state of 12C is widely known for its α cluster property as well as astrophysical 
importance related to nucleosynthesis. Similar kinds of states, known as the Hoyle analogue 

states, are predicted theoretically in different nuclei.  Probing these α-clustered states is very important 
from the structure point of view as they usually refer to some highly deformed structures like linear 
string of α, lightly bound gas-like structure or more exotic α-condensate configuration. The Hoyle 
analogue state in 16O was explored by inelastic scattering of 45 MeV αs on a Mylar target. The break 
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up 4αs of 16O have been detected in coincidence with the inelastically scattered α beam particle to 
probe the Hoyle analogue state of 16O in complete kinematics, for the first time. 
Results: 
The most probable decay modes of 16O at this excitation, which can give rise to 4α, are given below: 
(a) α(16O∗,4α)α’ 
(b) α(16O∗,8Beg.s./ex + 8Beg.s./ex → 2α + 2α)α’ 
(c) α(16O∗,12C(0+

2 ) + α→ 8Beg.s./ex + α + α →2α + 2α)α’ 
(d) α(16O∗,12C(3−) + α→ 8Beg.s./ex + α + α→2α +2α)α’, 
where α’ (α) denotes inelastic (decay) α particles. The excitation energy of the decaying 16O can be 
reconstructed from the 4αs using the equation 
 
    (1) 
 
 
where Eαn	and Pαn are the energy and momentum of the nth α particle, respectively and Q(4α) is the 
breakup threshold for decaying to 4α (-14.44 MeV). Fig. 1 shows the excitation energy spectrum of 
16O reconstructed this way from the energies and momenta of the α particles detected in Si strip 
detectors placed at suitable angles. A small peak has been observed at 15.1 MeV which is theoretically 
predicted to be a suitable candidate for the Hoyle analogue state [1]. Apart from that, there are several 
peaks which have been observed earlier by several authors [2-4]. Due to low statistics, the spin parity 
assignment of the states could not be made. However, this is the first time a signature of the Hoyle 
analogue state in 16O has been observed in a kinematically complete experiment. The present data, 
being kinematically complete, provide a precision picture about the challenges one faces to identify 
and characterize the Hoyle analogue state in 16O and indicate the limitations of populating the state. 
The results of this experiment have been published in Eur. Phys. Jour. A, 57, 286 (2021). 

 
Figure 1: Excitation energy spectrum of 16O inclusive of all decay channels 

References: 
[1] Y. Funaki, T. Yamada, H. Horiuchi, G. Ropke, P. Schuck, A. Tohsaki, Phys. Rev. Lett. 101, 

082502 (2008). 
[2] N. Curtis et al., Phys. Rev. C 88, 064309 (2013). 
[3] N. Curtis et al., Phys. Rev. C 94, 034313 (2016). 
[4] M. Freer et al., Phys. Rev. C 51, 4 (1995). 
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FRAGMENT EMISSION STUDY IN DISSIPATIVE BINARY 
COLLISIONS AT MODERATE EXCITATION ENERGIES 

T. K. Rana,  Samir Kundu, C. Bhattacharya, S. Manna, Pratap Roy, R. Pandey, A. Sen, 
T. K. Ghosh, G. Mukherjee,  K. Banerjee, S. Mukhopadhyay, D. Paul, Md. Moin Shaikh,  

S. Nandi, Vishal Srivastava1, J. K. Sahoo, J. K. Meena, A. K. Saha, R. M. Saha,  
Somnath Dalal and S. Bhattacharya 

1Racah Institute of Physics, The Hebrew University of Jerusalem, Jerusalem 91904, Israel 

he fragment emission mechanism from hot composites formed in the reactions 20Ne+56Fe and 
16O+58Ni has been studied at two different excitation energies using the beam from K130 

cyclotron machine. The energy and angular distributions of the various emitted isotopes of the 
fragments, Li to C, have been measured and found that the fragments are emitted mostly from deep-
inelastic processes for both systems. The timescales of the reactions were estimated from the fragment 
angular distributions which shows decreasing trend with increasing fragment mass. The average Q 
values of the reactions were found to decrease with the increase of emission angles and saturate at 
higher angles, which signifies complete energy damped at higher angles. It has been observed that 
production cross sections of all the fragments are more in 16O+58Ni than in the 20Ne+56Fe reaction at 
both excitation energies due to the easy exit channel threshold (see Fig 1). The angular-momentum 
dissipation of the emitted fragment was estimated and found to be close to the corresponding 
phenomenological sticking limits, except for lighter fragments (shown in Fig.2). The results have been 
published in Physical Review C as a general article [1]. 

 
Figure 1: Total cross sections and (b) ratio of isotopic cross 

sections obtained for reaction 20Ne+56Fe with respect to 
16O+58Ni reaction at excitation energy ≈110 MeV 

 
Figure 2: Variation of angular-momentum dissipation factor 
f with different isotopes of the fragments (Li-C). Solid circles 
are the experimental data. Red solid and black dash lines are 

the calculation due to rolling and sticking limits, 
respectively. 

References: 
[1] T. K. Rana et al., Phys. Rev. C 103, 034614 (2021) 
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STUDY OF EXCITED STATES OF ODD-A 55Mn NUCLEUS 

S. Basu#, G. Mukherjee, S. Nandi, S. S. Nayak, S. Bhattacharyya, Soumik Bhattacharya, S. Dar#, 
S. Das#, S. Basak#, D. Kumar, D. Paul, K. Banerjee, Pratap Roy, S. Manna, Samir Kundu,  

T. K. Rana, T. Bhattacharjee, R. Pandey, S. Samanta1, S. Chatterjee1, R. Raut1, S. S. Ghugre1, 
H. Pai2, A. Karmakar2#, S. Chattopadhyay2, S. Das Gupta3, P. Pallav3#, R. Banik4, S. Rajbanshi5, 

Md. A. Asgar6, S. Ali7, C. Bhattacharya 

1UGC-DAE CSR, Kolkata 
2SINP, Kolkata, India 

3Victoria Institution (College), Kolkata 
4IEM, Kolkata, India 

5Department of Physics, Presidency University, Kolkata-700073, India 
6Prabhat Kumar College, Contai 

7Government General Degree College, Pedong, Kalimpong 

#Financially assisted by UGC-CSIR-CSR, India 

he excited states in the odd-A nucleus 55Mn have been populated in an experiment at VECC using 
55Mn(4He, 2p2n) reaction with 34-MeV  beam from the K-130 cyclotron. The de-excited prompt 

 rays were detected using a multi-detector -ray spectrometer consisting of 11 Compton-suppressed 
clover HPGe detectors and 1 LEPS detector. The clover detectors were at three angles, 40o (2 clovers), 
90o (6 clovers) and 125o (3 clovers), while the LEPS detector was at 40o. The PIXIE-16 digitizer based 
data acquisition system and IUCPIX package, developed by UGC-DAE CSR Kolkata [1], was used to 
record and process the data. Being an odd-Z nucleus, the experimental information on the excited 
states in 55Mn (Z=25,N=30)  will help to understand  the effect of proton orbitals on the structure of 
nuclei close to Z = 28. Regular rotation-like structures emerge for the heavier odd-A and odd-odd Mn 
isotopes [2], but very little is known about the excited states in the lighter Mn isotopes with N ≤ 30. In 
particular, the spin and parity assignments of many of the levels in 55Mn are tentative [3], and it is not 
known if a rotational-like structure exists for this nucleus, near the ground state. 
A -ray spectrum, gated by 126 keV in 55Mn, is shown in Fig.1 (left panel). This spectrum shows most 
of the known lines in 55Mn. A few new  rays have been identified in this nucleus and spin-parity 
assignments are being done for the excited states from DCO ratio and polarization asymmetry ratio 
measurements. While the detailed analysis of the data is in progress, the preliminary results reveal a 
deformed structure for the 55Mn nucleus. Both the main and the signature partner of the f7/2 band have 
been extended to higher spins. A band crossing has been observed for the first time for both the 
signature partners. The plot of aligned angular momentum (ix) as a function of rotational frequency 
ħ shown in the right panel of Fig.1, indicates that the band crossing takes place at the rotational 
frequency of about 0.9 MeV/ħ. This is in good agreement with the cranking model calculation for a 
deformation of 2 ~0.16. Further analysis is in progress. 

 
Figure 1: -ray spectrum gated by a known low-lying transition in 55Mn, the marked  lines belong to 55Mn (left) and  ix vs 

ħplot for the f7/2 band in 55Mn (right). 
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SIGNATURE OF FUSION SUPPRESSION IN COMPLEX FRAGMENT 
EMISSION 

S. Manna, C. Bhattacharya, T. K. Rana, S. Kundu, R. Pandey, A. Sen, T. K. Ghosh,  
Pratap Roy*, G. Mukherjee, S. Mukhopadhyay, K. Banerjee, J. K. Meena, P. Karmakar,  

D. Paul, S. Dalal, J. K. Sahoo, R. M. Saha, A. K. Saha and S. Bhattacharya# 

*Present address: GSI Helmholtzzentrum für Schwerionenforschung, D-64291 Darmstadt, Germany. 
#Retired 

he effect of weak binding of a nucleus in the fragment emission mechanism has been studied in 
reactions 20Ne (157.2, 193.0 MeV) +  9Be. A system of strongly bound nuclei, 16O (135.9, 161.6 

MeV) + 12C, producing a close-by compound nucleus (1 n less), have been chosen for comparison. It 
is found that there is substantial reduction in equilibrium yields of the fragments (Z = 3, 4) from the 
respective statistical model predictions for the reaction 20Ne + 9Be; whereas the yields of the same 
fragments are close to the statistical model prediction for the reaction 16O + 12C. This observation is 
attributed to the suppression of complete fusion in 20Ne + 9Be system due to the weak binding of 9Be, a 
dynamical effect which is not incorporated  in the conventional statistical models. It is the first time 
that a clear signature of the suppression of complete fusion in light systems involving weakly bound 
nucleus has been observed in complex fragment emission from fully equilibrated composite produced 
in fusion well above the barrier. 

Results:  
The experiment was performed with the 20Ne and 16O beams of the above mentioned energies from the 
K130 cyclotron at VECC, Kolkata. The fragments, emitted from the composites formed at similar 
excitation energies, have been extracted and analyzed to decipher the mechanism of their origin. The 
energy distributions and angular distributions indicated that the fragments were emitted from fully 
energy equilibrated composite systems. The yield of the fragments was then extracted and compared 
with the statistical model code CASCADE [1] as shown in Fig. 1. 

 
Figure 1: Comparison of fragment yields with corresponding statistical model prediction for the systems 16O + 12C (left) and 

20Ne + 9Be (right). 

From Fig.1, it is observed that the yields of the fragments are quite close to the CASCADE prediction 
for the system 16O + 12C, whereas the same is found to be a factor of 2-3 less than the respective 
predicted values for the system 20Ne + 9Be. The fragment yields for the reaction 16O + 12C are also 
matching with the previous observation of the same [2]. So it can safely be assumed that the yields of 
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the fragments for the system 16O + 12C denotes no-suppression yield and the corresponding yields for 
the system 20Ne + 9Be can be normalized with respect to it to get an  estimation of the suppression in 
yields. The Fig. 2(a) shows the ratio (R) of the experimental yield to the corresponding theoretical 
value for the two systems. 

 
Figure 2: (a) Ratio (R) of experimental to theoretical (CASCADE) cross sections for the two systems (b) R for 20Ne + 9Be 

reaction normalized with respect to that of 16O + 12C. 

The R value of each fragment for 20Ne + 9Be reaction (RNe+Be) has been divided by the corresponding 
value of the 16O + 12C reaction (RO+C) and plotted in Fig. 2(b). This gives an idea of the normalized 
reduction of fragment yield in weakly bound Ne + Be system, which lies typically, except for a 
deviation in one 7Li point, within the range of  ≈35-55(±12)% for different fragments. The fragment 
yields extracted here are result of complete fusion and the contribution of incomplete fusion (formed 
by breakup and/or transfer) in the observed fragment yield is negligible. Therefore, the large reduction 
of fragment yield seen here may be attributed to the suppression of complete fusion in the weakly 
bound system 20Ne + 9Be. Thus, for the first time, a direct correlation between the suppression of 
complete fusion in weakly bound nucleus and reduction in complex fragment yield is established. 

References:  
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[2] S. Kundu et al., Phys. Rev. C 78, 044601 (2008). 

 

COMPARATIVE STUDY OF NEUTRON ENERGY SPECTRA 
DETERMINED USING THE PULSE HEIGHT UNFOLDING AND 

TIME OF FLIGHT METHOD 

S. Dalal, K. Banerjee, A. S. Roy 

iquid scintillator based neutron detectors are widely used in the fast neutron spectroscopy which is 
based on the recoil proton approach. Two different spectroscopic methods are generally used 

which are the pulse height unfolding and time of flight (TOF) method. Among them, TOF is the most 
preferred and widely used method due to its more straightforward approach and higher level of 
accuracy achieved. In this method, time of flight distribution of neutrons are measured either with 
respect to an ancillary detector or using the beam pulsing (RF signal) of the accelerator. This time 
distribution is then converted to neutron energy using the known flight path and a proper Jacobian 
transformation. But there are limitations in the universal applicability of the TOF method because of 
the following reasons; (i) non availability of the pulsed beam/suitable ancillary detector (ii) 
insufficient flight path (iii) broad source distribution etc. In those cases, the pulse height unfolding 
technique is the only method to determine the neutron energy distribution. In this technique neutron 
energy spectrum ( ) can be evaluated from the measured pulse height distribution C(E') using the 
Fredholm integral equation, which is defined as  
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C(E') = ′,  
Here, R(E', E) is the detector response function which is the probability that a neutron of energy E 
deposit an energy in between E' and E'+dE'. The above integral equation reduces to C = R	  in matrix 
form and therefore  = R-1C. However inversion of R is not simple and generally not done. FERDOR 
[1, 2] code used in this work employs an iterative least square solution technique where first guess 
solution of  is modified by repeated calculation of R	  to produce an estimate of C which is 
iteratively updated. Solution of   contains fluctuation which is minimized within a smoothening 
window. 

The accuracy of the measured neutron energy spectra depends on the accuracy of the response 
function R used. In this work, response functions have been calculated carefully using Monte Carlo 
based simulation using Geant4 code at the regular energy interval of 0.25MeV up to neutron energy of 
20MeV. The calculated response matrix needs to be compared with the measured data at several 
neutron energies prior to its use. This was done in our earlier work using the mono-energetic neutrons 
produced in 7Li(p, n)7Be reaction [3]. Measured and simulated pulse height spectra for neutron energy 
at 5.5 and 7.5MeV are shown in Fig. 1, which shows a nice agreement between the two. Since the 
deposited energy in the scintillator E' is a nonlinear function of neutron energy E hence a conformal 
binning procedure has been adopted to prepare the response function which makes the light output 
interval non equal [4]. 

 
Figure 1: Comparison of simulated pulse height spectra with the measured data. 

Finally, neutron pulse height spectra measured for 252Cf source has been unfolded to get the neutron 
energy spectra using the calculated response matrix. Spectra thus obtained were compared with the 
same obtained using the TOF method which are shown in Fig. 2. Area under the curves are normalized 
to 1. Energy spectra obtained using unfolding techniques show a good agreement with that obtained 
from TOF method. However, more stringent tests using mono-energetic neutrons are required to 
validate the unfolding code for a given response matrix. 

 
Figure 2: Neutron energy spectra of 252Cf using TOF and PH unfolding technique 
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UNVEILING THE ISOSPIN DEPENDENCY OF NUCLEAR LEVEL 
DENSITY IN A~120 REGION 

R. Shil1, K. Banerjee, P. Roy, J. Sadhukhan, G. Mukherjee, T. K. Rana, S. Kundu, T. K. Ghosh, 
A. Sen, S. Manna, R. Pandey, A. Chakraborty1, D. Pandit, S. Mukhopadhyay, D. Mondal,  

D. Paul, C. Bhattacharya, and S. Bhattacharya 

1Department of Physics, Visva-Bharati University, Santiniketan 

uclear level density (NLD) is an important input parameter for any statistical model code. Over 
the years several efforts were made to explore its dependence on mass number (A), excitation 

energy (E*), angular momentum (J), shell structure, and isospin of the nucleus. But the detail 
understanding of their dependence is still incomplete. Here, we report the isospin dependence i.e., 
neutron(N) – proton(Z) asymmetry effect in NLD around the A~120 mass region. Experiment was 
done using the 4He-ion beam of energy 26-44 MeV from the K130 Cyclotron facility at VECC on 
112,116,124Sn targets. Emitted neutrons from 4He + 112,116,124Sn reactions were measured using four liquid 
scintillator detectors placed at 55o-150o and a distance of 1.5m from the target centre. The neutron data 
were recorded on event-by-event basis in a list file using a VME based data acquisition system 
(DAQ). During the off-line analysis, neutron energy spectra were determined from the measured time-
of-flight (TOF) distribution using the prompt gamma peak as a time reference and using the Jacobian 
transformation. Finally, the measured neutron energy spectra were corrected for the background 
contribution and the detector efficiency. 

Only backward angle (150o) data were used in the present study where the pre-equilibrium 
contribution is believed to be minimum. Backward angle data were compared with the theoretical 
calculation performed using the statistical model code TALYS which consider Hauser Feshbach 
model for compound nuclear decay. Nuclear level density (NLD) was calculated using the Back-
shifted Fermi-gas (BSFG) model, whereas the NLD parameter was estimated using three different 
models; isospin independent [1] and dependent [2, 3] as described in Eqs. 1-3 

αA................... 1  
αA exp⁄ ......... 2 , 
αA exp⁄ ........ 3 . 

where ,  and  are the empirical constants and Zo is the proton number of the most beta-stable isobar 
for the given mass A. The reaction 4He + 116Sn is considered as reference reaction as the major residue 
119Te produced lies closer to the beta-stability line at Z = 52 compare to other two residue nuclei 
115,127Te produced in 4He + 112,124Sn. Calculated spectra using Eq. 1 in 4He + 116Sn is compared with the 
measure data to determine the parameter  using the chi-square minimization. The same optimum  
values were further used for other two equations (2, 3) and also in the other reactions at their matching 
ECN*. The other two coefficients  and  were less sensitive compared to  and were taken from the 
Ref. [3]. Calculated neutron energy spectra were compared with the measured data for all the three 
reactions. Isospin dependent prescription in the form of Z - Zo (Eq. 3) was found to be the most 
suitable one to explain the measured data for all the three cases. The similar result was also found in 
our previous work [4] in the two isobars of A =115. 
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Finally, the NLDs of the major residual nuclei have been determined from the measured neutron 
energy spectra at the lowest beam energy using the Eq. 3 and normalized at the neutron separation 
energy (E* = Sn). Normalization was done using the NLD estimated from the measured neutron 
resonance spacing (D0). Measured D0 value is available for 127Te [5] but unfortunately not available for 
other two cases, so in those nuclei D0 values were determined from the systematic [6].  The measured 
NLDs as a function of residue excitation energies are plotted in Figure 1 and shows a reduction for 
115,127Te in comparison to that of 119Te which lies closer to the beta-stability line.  The calculated NLDs 
from the Hartree-Fock-Bogoliubov plus combinatorial (HFB + C) model [5] are also plotted in this 
figure. Though the observed difference between NLDs in 115Te and 119Te is missing in this 
microscopic calculation but the relative trend among 119Te and 127Te is properly predicted. 

 
Figure1: Solid symbol represents the measured nuclear level densities as a function of residue excitation energies, which are 
normalized at the respective neutron separation energies. Shaded regions are the uncertainties in NLDs. Solid lines are the 

calculated NLDs obtained from the HFB + C model. 
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1.2 Nuclear Theory 

  HEAVY-ION FUSION REACTIONS OF ASTROPHYSICAL 
INTEREST  

Joydev Lahiri, Vinay Singh, D. N. Basu 

he hindrance in fusion of heavy-ion reactions crops up in the region of extreme sub-barrier 
energies. This phenomenon can be effectively analyzed using a simple diffused barrier formula 

derived assuming a Gaussian distribution of fusion barrier heights. Folding the Gaussian barrier 
distribution with the classical expression for the fusion cross section for a fixed barrier, the fusion 
cross section is obtained. The energy dependence of the fusion cross section provides good description 
to the existing data on sub-barrier heavy-ion fusion for lighter systems of astrophysical interest. Using 
this simple formula, an analysis has been presented from 16O + 18O to 12C + 198Pt, all of which were 
measured down to < 10 μb. The agreement of the present analysis with the measured values is better 
than those calculated even from the sophisticated coupled channels calculations. The relatively smooth 
variation of the three parameters of this formula implies that it may be exploited to estimate the 
excitation function or to extrapolate cross sections for pairs of interacting nuclei which are yet to be 
measured. Possible extensions of the present methodology and its limitations have also been 
discussed. 

 
Figure 1: Plots of analytical estimates (continuous 
line) and the measured values (full circles) of the 

capture excitation functions for 12C+24Mg. 

 
Figure 2: Plots of analytical estimates (continuous 
line) and the measured values (full circles) of the 

capture excitation functions for 12C+30Si. 

 
Figure 3: Plots of analytical estimates (continuous 
line) and the measured values (full circles) of the 

capture excitation functions for 12C+198Pt. 

 
Figure 4: Plots of analytical estimates (continuous 
line) and the measured values (full circles) of the 

capture excitation functions for 16O+18O. 
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Figure 5: Plots of analytical estimates (continuous 
line) and the measured values (full circles) of the 

capture excitation functions for 28Si+64Ni. 

 
Figure 6: Plots of analytical estimates (continuous 
line) and the measured values (full circles) of the 

capture excitation functions for 58Ni+58Ni. 

 In Figs.1-6, the measured fusion excitation functions represented by full circles are compared 
with the predictions of the diffused barrier formula [1] depicted by the continuous lines. It may be 
easily perceived from these figures that precisely measured fusion excitation functions provide 
systematic information on the essential characteristics of the interaction potential, viz. the mean barrier 
width B and height B0 of its distribution, for nucleus-nucleus collisions. As seen in the Figs.1-6, the 
present theoretical description provides excellent fits to the experimental data. This implies that for the 
chosen set of nuclei almost all the capture events lead to fusion resulting fusion cross sections to be 
practically identical with the capture cross sections. Moreover, the Gaussian form for the barrier 
distribution describes sub-barrier fusion cross sections quite well justifying the beyond single barrier 
model arising out of tunneling, deformation and vibration of nuclei. Although theoretically the concept 
of a barrier distribution is valid under certain approximations, the good fits to the experimental data 
shown certainly imply that in reactions involving heavy-ion fusion for lighter systems of astrophysical 
interest, barrier distribution remains a meaningful concept. The fusion or capture cross sections can 
also be predicted using theoretically obtained values of the parameters B0 and B for planning 
experiments [2]. 
 One can visualize that the excitation function is all the time a monotonically rising function of 
energy. This puts a limitation on the present approach which cannot be used for describing fusion 
reactions at higher energies when incomplete fusion as well as deep-inelastic scattering can cause a 
lowering of the fusion cross section. Similar limitation arises for lighter as well when excitation 
functions possess oscillations and resonance structures. Possibility of better agreement with data may 
be explored by opting a more intricate formula for barrier distribution, which, however, will bring in 
more additional adjustable parameters than just three used in the present work. Such refinements for 
the barrier distribution include distributions with different widths on the low or high energy sides, a 
moderation of the exponent in the Gaussian distribution or multi-component distributions. 
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SUPPRESSION OF SPIN POLARIZATION AS AN INDICATOR OF 
QCD CRITICAL POINT 

Sushant K. Singh and Jan-e Alam 

he impact of QCD critical point (CP) on the spin polarization of Lambda-hyperon generated by 
the thermal vorticity in viscous quark gluon plasma (QGP) has been studied  by using in-house 

developed computer code to solve (3+1) dimensional relativistic viscous causal hydrodynamics. The 
code  can be used to study the space time evolution of matter produced   with non-zero baryonic 
chemical potential and temperature in the  collision nuclei at relativistic energies  (FAIR,NICA, RHIC, 
LHC).  The code contains the effects of the CP through the equation of state (EoS) and the scaling 
behaviour of various  transport coefficients. The solution has been used to evaluate the thermal 
vorticity generated due to non-zero  viscosity of the QGP fluid. The coupling of the thermal vorticity  
with the spin of the Lambda-heperon leads  to the polarization.  A significant reduction in the 
polarization has been observed as the CP is approached.  The CP significantly changes  the rapidity 
dependence of the spin polarization  which is proposed as a signature of the CP. 
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ROTATING HYBRID STARS WITH COLOR-FLAVOR-LOCKED 
QUARK MATTER 

Debashree Sen and Gargi Chaudhuri 

n absence of conclusive experimental findings, the composition of neutron star (NS) matter (NSM) 
and its equation of state (EoS) are largely determined by theoretical modelling of NSM, constrained 

by the results from various astrophysical observations and empirical techniques. Theoretical studies 
have suggested that in dense core of NSs, hadronic matter can undergo phase transition to deconfined 
or unpaired quark matter (UQM) forming hybrid stars (HSs) [1]. It is also suggested that at high 
density, such deconfined quarks can form Cooper pairs near the Fermi surface, the pairing strength 
being controlled by the gap parameter ∆. Such pairing leads to the formation of color-flavor locked 
(CFL) quark phase [2]. With ∆=0, the CFL quark matter reduces to UQM. Depending on the values of 
∆ and the bag pressure B, the formation of superconducting quarks is suggested also in HSs [3,4]. In 
the present work, we invoke phase transition from hadronic matter to CFL quark matter for different 
values of B and ∆ using Maxwell construction and compute the structural properties of the HSs in both 
static and rotating conditions in the light of the various constraints. 
We obtained sharp phase transitions with large density jumps (average 4.4ρ0) are seen for chosen the 
chosen values of bag pressure and gap parameter. In such HSM, just before transition, the speed of 
sound peaks high in between the conformal and causality limits. In static conditions the M−R solutions 
of the HSs satisfy the constraints from the massive pulsars and gravitational wave observations. It is 
seen that at particular density (radius) soon after phase transition, the M−R solutions become unstable. 
For a fixed value of B, both the maximum mass and the corresponding radius decrease with increasing 
values of ∆ while the opposite trend in variation of maximum mass Mmax and corresponding radius 
Rmax is noticed with respect to B for any particular value of ∆. This also ensures more massive HS 
configurations with UQM compared to that with CFL quark matter.  
At maximum rotational condition, the HS configurations satisfy the constraints on maximum 
rotational frequency obtained from fast rotating pulsars. Most of the HS configurations satisfy the 
maximum mass constraint obtained from the secondary component of GW190814 and its predicted 
frequency range. At slow rotation limit, the HS configurations satisfy the universality relations 
predicted in terms of normalized moment of inertia. Substantial change in maximum mass occurs as 
the conditions change from static to slow and then rapid rotation. The present work shows that the 
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obtained HS configurations with both CFL and UQM satisfy the present day astrophysical and 
empirical constraints reasonably well in both static and rotating conditions. 
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HADRON-QUARK PHASE TRANSITION AND THE SOUND SPEED 
OF QUARK MATTER IN HYBRID NEUTRON STARS 

N. Alam and G. Chaudhuri 

e have studied the impacts of energy density discontinuity due to a sharp first-order hadron 
quark phase transition and the sound speed of quark matter on the properties of hybrid neutron 

stars. The energy density discontinuity at the transition is computed from the constraints on the phase 
transition properties which have been derived from the currently available astrophysical data. To build 
the equation of states(EoSs) of hybrid neutron stars, we use relativistic mean field model for the 
nuclear matter phase and constant-speed-of-sound model for the quark matter phase. We explore the 
dependence of the sound speed of quark matter and the energy density discontinuity on the mass, 
radius, love number, and tidal deformability parameter of neutron stars. At the high sound speed 
region, we find that the effect of the energy density discontinuity on the tidal deformability parameter 
of the canonical neutron star is significantly higher than that of the sound speed of quark matter. 
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ISOSPIN TRANSPORT IN HEAVY-ION REACTIONS AROUND THE 
FERMI ENERGY DOMAIN 

S. Mallik, F. Gulminelli1 and D. Gruyer1 

1Normandie University, ENSICAEN, UNICAEN, CNRS/IN2P3, LPC Caen, Caen, France  

he isospin diffusion of the quasi-projectile formed in the 64,58Ni on 64,58Ni reactions around the 
Fermi energy domain is investigated in the framework of the Boltzmann–Uehling–Uhlenbeck 

transport model (BUU@VECC-McGill) [1]. The isospin transport ratios [2] of the quasi-projectile and 
pre-equilibrium particles are studied with the aim of insuring an optimal comparison between 
experimental data and theoretical calculations and reducing the present uncertainties in the extraction 
of empirical nuclear equation of state parameters. From the transport calculation, it is concluded that 
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the isospin transport ratio of quasi-projectile as well as pre-equilibrium particles are sensitive to low 
order isovector parameters like symmetry energy at saturation (Esym), it's slope (Lsym) and 
curvature(Ksym), but the sensitivity is more for quasi-projectile compare to pre-equilibrium nucleons 
[3]. We demonstrate that realistic models of the equation of state, covering the uncertainty that 
presently affects the theoretical description of neutron stars static observables, can be effectively 
discriminated by isospin diffusion experiments, provided the neutron to proton ratio of the projectile 
remnant is precisely measured as a function of centrality. 
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A FAST AND EFFICIENT GLOBAL MODEL FOR FISSION YIELDS 

Jhilam Sadhukhan 

 quantitative microscopic understanding of the fission-fragment yield distributions represents a 
major challenge for nuclear theory as it involves the intricate competition between large-

amplitude nuclear collective motion and single-particle nucleonic motion. A recently proposed 
approach to global modeling of fission fragment distributions is extended to account for odd-even 
staggering in charge yields and for neutron evaporation. Fission trajectories are obtained within the 
density functional theory framework, allowing for a microscopic determination of the most probable 
fission prefragment configurations. Mass and charge yield distributions are constructed by means of a 
statistical approach rooted in a microcanonical ensemble. This hybrid model can reproduce 
experimental mass and charge fragment yields, including the odd-even staggering for a wide range of 
fissioning nuclei (see Figure 1). Further, experimental isotopic yields can be described within a simple 
neutron evaporation scheme. Present work suggests that the microscopic rearrangement of nucleons 
into fission fragments occurs well before the scission and that the subsequent dynamics is mainly 
driven by the thermal excitations and bulk features of the nuclear binding. The proposed simple hybrid 
approach is well suited for large-scale calculations involving hundreds of fissioning nuclei. 

 
Figure 1: Calculated mass and charge yield distributions (shaded regions) for thermal fission 

are compared with experimental data (symbols). Spreads in the calculated results indicate 
theoretical uncertainties. 

 
References: 

[1] J. Sadhukhan, S. A. Giuliani, and Witold Nazarewicz, Rev. Rev. C 105, 014619 (2022). 

A 



Progress Report 2021-22 

 
25 

 
 

[2] J. Sadhukhan, S. A. Giuliani, Z. Matheson, and W. Nazarewicz, Phys. Rev. C 101, 065803 
(2020). 

 

MICROSCOPIC CALCULATION OF ISOVECTOR GIANT DIPOLE 
RESONANCE AT FINITE TEMPERATURE 

Sujan Kumar Roy, Chandrani Sen, Supriya Mukhopadhyay and Jhilam Sadhukhan 

lthough microscopic models are frequently used to understand giant resonances build on the 
ground state of a nucleus, similar calculations at non-zero temperature are limited. We present 

microscopic framework to study isovector giant dipole resonance (IVGDR) at finite temperature. The 
temperature dependence of IVGDR width for 120Sn is investigated to benchmark the proposedmethod. 
To calculate IVGDR width, we employ the thermal shape fluctuation model (TSFM) where the 
potential energy surface is obtained microscopically within the nuclear energy density 
functionalformalism. Moreover, IVGDR centroid energies are calculated by incorporating nuclear 
deformationsextracted from the corresponding self-consistent densities. We found good overall 
agreement withthe measured IVGDR widths. Specifically, except at very low temperature where 
paring fluctuationsare important, unprecedented accuracy has been achieved within the TSFM. Present 
paper provides guidance to resolve the long-standing discrepancy in predicting the low-temperature 
behaviour ofGDR width, which is often overestimated by the TSFM framework. 

Theoretical framework 
We employ β and  as independent constraints for the FT-DFT calculation. Hence, the expectation 
value of anobservable  is given by [1], 

	
, ,

, ,
	, 

where , ≡ |sin 3 |	 	  and ,  represents the relative probability of a particular 
shape ( , ) with respect to the spherical configuration ( 0, 0). For a canonical ensemble of 
thermally equilibrated nuclei at temperature T, 

, ≡ , ; ∝
, ;

	, 

where , ;  describes the FES and ≡ 0, 0; . The total energy E of an isolated nucleus 
remains constant during the collective oscillations and, hence, P can be expressed more appropriately 
as [2]: 

, ≡ , ; ∝ , ; 	, 
where	 , ;  portrays the ES for a particular E and ≡ 0, 0; . We calculate the potential 
energy surface by solving the finite-temperature Hartree-Fock-Bogoliubov (FT-HFB) formalism [3] 
where the total energy  is obtained self-consistently from the constrained Routhian [4], 

, ,

 

Here,  represents the FT-HFB Hamiltonian. are neutron ( ) and proton ( ) particle-
number operators with  being the associated chemical potentials. 
Free Energy Surfaces have been obtained from microscopic DFT calculation and applied in TSFM to 
calculate the isovector GDR width of 120Sn. Our calculation indicates a better agreement with the 
experimental data obtained at VECC Room Temperature Cyclotron facility in comparison to the 
conventional macro-micro predictions. 
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DILEPTON PRODUCTION FROM MAGNETIZED QUARK MATTER 
WITH AN ANOMALOUS MAGNETIC MOMENT OF THE QUARKS 

USING A THREE-FLAVOR PNJL MODEL 

Nilanjan Chaudhuri, Snigdha Ghosh1, Sourav Sarkar, Pradip Roy2 

1Government General Degree College Kharagpur-II, Paschim Medinipur—721149, India 
2Saha Institute of Nuclear Physics, 1/AF Bidhannagar, Kolkata - 700 064, India 

ilepton production from hot, dense and magnetized quark matter is studied using the 3-flavor 
Polyakov Nambu–Jona-Lasinio (PNJL) model considering the anomalous magnetic moment 

(AMM) of the quarks. We first evaluate the thermomagnetic spectral function of the vector current 
correlator using the real time formalism of finite temperature field theory and the Schwinger proper 
time formalism. The constituent quark mass which goes as an input in the expression of the dilepton 
production rate (DPR), has been calculated using the PNJL model. The obtained constituent quark 
mass being strongly dependent on the temperature, density, magnetic field and AMM of the quarks, 
captures the effect of “strong” interactions specifically around the (pseudo) chiral and confinement-
deconfinement phase transition regions. The analytic structure of the spectral function in the complex 
energy plane has been analyzed in detail and a nontrivial Landau cut is found in the physical kinematic 
domains resulting from the scattering of the Landau quantized quark/antiquark with the photon which 
is purely a finite magnetic field effect. Due to the emergence of the Landau cut along with the usual 
unitary cut, the DPR is found to be largely enhanced in the low invariant mass region. Owing to the 
magnetic field and AMM dependence of the thresholds of these cuts, we find that the kinematically 
forbidden gap between the unitary and Landau cuts vanishes at sufficiently high temperature, density 
and magnetic field leading to the generation of a continuous spectrum of dilepton emission over the 
whole invariant mass region. 
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THERMOMAGNETIC MODIFICATION OF THE ANOMALOUS 
MAGNETIC MOMENT OF QUARKS USING THE NJL MODEL 

Snigdha Ghosh1, Nilanjan Chaudhuri,  Sourav Sarkar, Pradip Roy2 

1Government General Degree College Kharagpur-II, Paschim Medinipur—721149, India 
2Saha Institute of Nuclear Physics, 1/AF Bidhannagar, Kolkata - 700 064, India 

he effective photon-quark-antiquark (γqq̄) vertex function is evaluated at finite temperature in the 
presence of an arbitrary external magnetic field using the two-flavor gauged Nambu–Jona-Lasinio 

model in the mean field approximation. The lowest order diagram contributing to the magnetic form 
factor and the anomalous magnetic moment (AMM) of the quarks is calculated at finite temperature 
and external magnetic field using the imaginary time formalism of finite temperature field theory and 
the Schwinger proper time formalism. The Schwinger propagator, including all the Landau levels with 
nonzero AMM of the dressed quarks, is considered while calculating the loop diagram. Using sharp as 
well as smooth three-momentum cutoff, we regularize the UV divergences arising from the vertex 
function and the parameters of our model are chosen to reproduce the well-known phenomenological 
quantities at zero temperature and zero magnetic field, such as pion-decay constant (fπ ), vacuum quark 
condensate, and vacuum pion mass (mπ), as well as the magnetic moments of proton and neutron. We 
then study the temperature and magnetic field dependence of the AMM and constituent mass of the 
quark. We found that the AMM as well as the constituent quark mass are large at the chiral symmetry 
broken phase in the low temperature region. Around the pseudo-chiral phase transition, they decrease 
rapidly and at high temperatures both of them approach vanishingly small values in the symmetry 
restored phase. 
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RATIO OF PHOTON ANISOTROPIC FLOW IN RELATIVISTIC 
HEAVY ION COLLISIONS 

Rupa Chatterjee and Pingal Dasgupta1 

1Key Laboratory of Nuclear Physics and Ion-beam Application (MOE), Institute of Modern Physics, 
Fudan University, Shanghai 200433, People’s Republic of China 

he elliptic and triangular flow parameters of direct photons are known to be dominated by thermal 
radiations. The non-thermal contributions dilute the photon anisotropic flow by adding extra 

weight factor in the calculation. The discrepancy between experimental photon anisotropic flow data 
and results from theoretical model calculations is not well understood even after significant 
developments in the model calculations as well as in the experimental analysis methods. We show that 
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the ratio of photon vn can be a potential observable in this regard by minimizing the non-thermal 
contributions [1]. We calculate v2/v3 of photons as a function of pT from heavy ion collisions at the 
BNL Relativistic Heavy Ion Collider and compare the results with available experimental data. The 
ratio is found to be larger for peripheral collisions than for central collisions. However, the pT 
dependent behavior of the ratio is found to be different than the individual flow parameters. The ratio 
is found to be sensitive to the initial conditions of the model calculation at different pT regions 
compared to the individual anisotropic flow parameters. We show that the photon v1/v2 and v1/v3 along 
with the v2/v3 results may help us constrain the initial conditions in heavy ion collisions.  
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THERMAL PHOTONS AS A SENSITIVE PROBE OF Α-CLUSTER IN 
C + Au COLLISIONS AT THE BNL RELATIVISTIC HEAVY ION 

COLLIDER  

Pingal Dasgupta1, Guo-Liang Ma1, Rupa Chatterjee, Li Yan1, Song Zhang1, Yu-Gang Ma1 

1Key Laboratory of Nuclear Physics and Ion-beam Application (MOE), Institute of Modern Physics, 
Fudan University, Shanghai 200433, People’s Republic of China 

ifferent orientations of α-clustered carbon nuclei colliding with heavy ions can result in a large 
variation in the value of anisotropic flow parameters. Thus, photon flow observables from 

clustered C and Au collisions could be a potential probe to study the ‘direct photon puzzle’. We 
calculate the transverse momentum spectra and anisotropic flow coefficients of thermal photons from 
collisions of triangular α-clustered carbon and gold at 200A GeV at RHIC using a hydrodynamic 
model framework and compare the results with those obtained from unclustered carbon and gold 
collisions [1]. The slope of the thermal photon spectra is  found to vary moderately for different 
orientations of collisions. However, we see that the elliptic and triangular flow coefficients of direct 
photons for specific configurations are significantly large and predominantly formed by the QGP 
radiation. A strong anti-correlation between initial spatial ellipticity and triangularity is observed in an 
event-by-event framework of α-clustered C + Au collisions. These special features provide an 
opportunity to detect the exotic nature of cluster structure inside carbon nucleus using the photon 
probe in the future experiments. 
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pT DEPENDENCE OF THE CORRELATION BETWEEN INITIAL 
SPATIAL ANISOTROPY AND FINAL MOMENTUM ANISOTROPIES 

IN RELATIVISTIC HEAVY ION COLLISIONS 

Sanchari Thakur, Sumit Kumar Saha, Pingal Dasgupta1, Rupa Chatterjee, Subhasis 
Chattopadhyay 

1Key Laboratory of Nuclear Physics and Ion-beam Application (MOE), Institute of Modern Physics, 
Fudan University, Shanghai 200433, People’s Republic of China 

he particle momentum anisotropy (vn) produced in relativistic nuclear collisions is considered to 
be a response of the initial geometry or the spatial anisotropy (en) of the system formed in these 

collisions. The linear correlation between en and vn quantifies the efficiency at which the initial spatial 
eccentricity is converted to final momentum anisotropy in heavy ion collisions. We study the 
transverse momentum and collision centrality dependence of this correlation for charged particles 
using a hydrodynamical model framework at LHC energy. The (en − vn) correlation is found to be 
stronger for central collisions and also for n=2 compared to that for n=3 as expected. However, the 
transverse momentum (pT) dependent correlation coefficient shows interesting features which strongly 
depends on the mass as well as pT of the emitted particle. The correlation strength is found to be larger 
for lighter particles in the lower pT region. We see that the relative fluctuation in anisotropic flow 
depends strongly on the value of η/s specially in the region pT < 1 GeV unlike the correlation 
coefficient which does not show significant dependence on η/s. 
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1.3 Experimental High Energy Physics 

ISOLATED PHOTON MEASUREMENTS IN pp COLLISIONS  
AT 8 TeV IN ALICE 

Sinjini Chandra, Subhasis Chattopadhyay for the ALICE Collaboration 

he study of prompt direct photons, from Compton scattering and annihilation hard processes in 
hadronic collisions allows to test the perturbative Quantum Chromodynamics predictions. In pp 

collisions, they can be used to constrain parton distribution functions as they come directly from the 
parton-parton hard scatterings. The measurement of direct photon production is complicated due to the 
presence of a large photon background from hadron decays, especially from neutral mesons. Isolation 
is a tool to access these direct photons and strongly suppress the contributions from fragmentation and 
decay photons. Photons generated in a gamma-jet process should be surrounded by very little hadronic 
activity, unlike decay or fragmentation photons that are part of a particle jet. This isolation criteria is 
implemented by summing the transverse momentum of tracks found in a cone (with radius, R) around 
the candidate photon in the azimuthal plane and setting a threshold value (pT

iso). 
In this analysis, the photons are measured with the help of the ALICE electromagnetic calorimeter 
(EMCal) and the isolation criteria is based on charged particles whose tracks are measured using the 
ALICE central detectors, i.e. the Time Projection Chamber (TPC) and the Inner Tracking System 
(ITS). Using charged-only isolation with R = 0.4 and pT

iso ≤ 1.5 GeV/c, we have measured the 
isolated photon purity and efficiency in pp collisions at 8 TeV as shown in Figure 1. The isolated 
photon spectra have been measured and compared to theory calculations as shown in Figure 2. Good 
agreement is seen between them within uncertainties. 

 
Figure 1: Isolated photon purity (left) and efficiency (right) in pp collisions at 8 TeV. 

 

 
Figure 2: Isolated photon spectra in pp collisions at 8 TeV compared with theory calculations (left). Ratio between data and 

theory showing good agreement between them within uncertainties (right). 
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MEASUREMENT OF ELECTRONS FROM BEAUTY HADRON 
DECAYS IN pp COLLISIONS AT √s = 13 TeV WITH ALICE 

Vivek Kumar Singh and Zubayer Ahammed   

eauty quarks, due to their large masses are produced in the initial hard scattering processes of 
hadronic collisions. They witness the whole evolution of the produced medium and serve as an 

excellent probes for the QGP. In proton–proton collisions, the measurement of beauty-hadron 
production cross-sections are very important to test the perturbative QCD (pQCD) calculations. In 
addition, it provides the required reference for Pb–Pb collisions to study the mass dependent energy 
loss in the medium.  We study the production of electrons from beauty-hadron decays in pp collisions 
at mid rapidity with ALICE detector at √s = 13 TeV with the motivation to measure the beauty decay 
electron cross-section especially in the higher transverse-momentum (pT) region   extending up to 35 
GeV/c which has not been measured in ALICE.  
The Time Projection Chamber (TPC) along with the Electro Magnetic Calorimeter (EMCal) is used 
for particle identification in the lower and higher pT region.  We have identified the Inclusive electron 
signal using minimum bias data in the lower pT region and EMCal triggered data for the higher pT 
region. To select the electrons with high purity we apply a shower shape cut on the electron clusters. 
We have identified the non-heavy flavour electron(background) using the photonic electron tagging 
method as the majority of the contributions are from photonic electron sources. The number of heavy 
flavour electrons(HFe) was estimated by subtracting the non-heavy flavour electrons from the 
inclusive electron sample NHFe = Nincl – Nphotonic.  To separate the contribution of charm and beauty-
decay electron we exploit the fact that the beauty hadrons tend to have a longer lifetime before decay,  
causing their DCA distribution to be wider than that of charm-decay electrons. The DCA distribution 
of heavy-flavour decay electron was obtained by subtracting the hadronic and photonic electrons from 
Inclusive electron DCA distribution. The DCA templates of the charm and beauty decay electrons are 
obtained from Monte Carlo simulations and corrected to have a realistic behaviour i.e. to make them 
as close as possible that would be found in data. The HFe DCA distribution is then fitted with charm 
and beauty decay electron MC templates by log-likelihood fit method to obtain the raw beauty decay 
electron yield. However, the subtraction NHFe = Nincl – Nphotonic may invalidate the assumption of a 
Poissonion statistics in the templates, which is required for the likelihood fits. Therefore to cross 
examine we also estimate the raw beauty-decay electron yield by fitting the hadronic, photonic, charm 
and beauty-decay templates directly to inclusive electron DCA instead of HFe DCA, which still 
validate the underlying assumption of a Poissonian statistics in the templates. The extracted yield is 
corrected for acceptance and reconstruction efficiency to estimate to cross-section. The estimated 
cross-section was compared with FONLL prediction and further analysis is in progress. 

 
Figure: (Left) The invariant cross-section of heavy-flavour decay electron in pp collisions at √s = 13TeV compared with 

FONLL predictions.  (Right) The invariant cross-section of beauty-hadron decay electron in pp at √s = 13TeV 
compared with FONLL predictions. 
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1.4 Analytical Chemistry, Radio Chemistry & BRIT, 
Kolkata 

STUDY ON EXCITATION FUNCTIONS OF 20Ne INDUCED NUCLEAR 
REACTIONS OF NATURAL COPPER 

S. Dasgupta1, J. Datta1  

1Analytical Chemistry Division, Bhabha Atomic Research Centre, Variable Energy Cyclotron Centre, 
Bidhannagar, Kolkata 700064, India 

he nuclear industry requires an in depth understanding of wear and tear properties of structural 
components while in operation, as well as probable activation products. Copper (Cu) and its alloys 

having abundant use in this field therefore is a subject to a lot of investigation. Excitation function 
studies of natural Cu with light ions are quite well documented [1]. Recent availability of 20Ne+7 and 
some other heavy ion beams from Room Temperature Cyclotron (RTC) at Variable Energy Cyclotron 
Centre (VECC), Kolkata; has made it possible to experimentally evaluate the radio-isotopes produced 
from nuclear reactions between natural Cu and 20Ne ion beam and the corresponding excitation 
functions. This work is the first of its kind as per our knowledge on excitation functions of 20Ne 
induced reactions on natCu. Providing basic nuclear data for heavy ion activation analysis (HIAA) and 
development of thin layer activation (TLA) technique using 20Ne-beam along with expanding the 
nuclear database [2] are the main targets for conducting this work. This work may become helpful in 
electing suitable beam energy and radio-isotopes for future applications. 

The experiments were performed at the K-130 cyclotron at Variable Energy Cyclotron Centre 
(VECC), Kolkata, India. Stacked foil activation technique was used [2]. Two stacked-foils of five Cu-
foils each were irradiated.  Aluminium (Al) foils were interspersed between two Cu foils as catcher-
cum-energy degrader. Thin metal foils of natCu (make M/S ADVENT, 99.9 %) and natAl (99.9 %) were 
used. Thickness of the Cu and Al foils were 7 µm and 25 µm respectively. Irradiations were carried 
out using 20Ne ion beam and the two stacks were irradiated using 160 and 192MeV of Ne-beam 
respectively. The current measurements were performed using Faraday cup arrangement. Ion beam 
irradiation was followed by the offline gamma ray spectrometry using HPGe detector (Efficiency: 
40%; Resolution: 1.9 keV @1332 keV) coupled to 8k channel analyzer. Individual Cu-foils were 
counted with its subsequent Al-catcher foil during γ-spectrometry, one by one. 

During preliminary studies, PACE-4 software was used for a theoretical prediction of all probable 
radio-isotopes that can form. A lot of reaction channels were found to be opening in the energy range 
of Ne-beam we used. However we selected only those radio-isotopes, which have significantly long 
half-lives and suitable γ-energies to our study. The experimental cross-section of 77Br, 73Se and 71As 
has been calculated and are presented in Fig. 1 & 2. The details of half-life and γ-energies monitored 
for each of these species are presented in Table 1 [4]. The mid-point energy, stopping power and 
energy degradation in each foil were calculated using SRIM-2008 [3]. The energies at which the cross-
sections are represented in Fig. 1 and 2 are the SRIM calculated mid-point energies in each Cu-foil for 
that specific radio-isotope produced. From our experimental calculations we have found that - 71As 
shows a maximum cross-section of 14.47 mb at 155.7 MeV, 77Br shows a maximum cross-section of 
10.39 mb at 118.1 MeV and 73Se shows a maximum cross-section of 0.57 mb at 155.7 MeV. 
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Table 1: Nuclear properties of radio-isotopes produced from the irradiation with 20Ne ion beam using RT cyclotron [4] 
Species Half-life 

(h) 
γ-enegy (keV) Intensity 

(%) 
77Br 57.036 239 23.9 

73Se 7.15 361.2 97 

71As 65.3 174.9 83.1 

 

 
Figure 1: Experimentally measured cross-section of 

natCu(20Ne, x)77Br & natCu(20Ne, x)71As 
Figure 2: Experimentally measured cross-section of 

natCu(20Ne, x)73Se 

The  excitation  function  of  the  reaction  natCu(20Ne, x)77Br shows  a  a double peaked shape with 
maxima at 118.1 and 92 MeV.  The  excitation  function  of  the  reaction  natCu(20Ne, x)73Se however  
shows  a  triple peaked nature with the highest cross section at 155.7 MeV. The excitation function of 
natCu(20Ne, x)71As reaction has a single peak at 155.7 MeV. Optimization of the irradiation parameters 
can be useful for production of any of these radio-isotopes suited to any specific activation analysis in 
future applications. Our calculations for excitation function of some more radio-isotopes produced 
from Ne-beam induced reactions on nat. Cu is ongoing. A comparison of these experimentally 
observed cross-section values and the basic nature of the excitation function curve with some other 
theoretical predictions are also being looked into. With availability of such data, it may become quite 
helpful to industries, where wear and tear of working parts of machines is analyzed using Thin Layer 
Activation (TLA) technique, with the ability to quantify very low levels of material loss. Also such 
study may be helpful for finding new production routes for radio-isotopes of pharmaceutical interest. 

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. 
[3] J .F. Ziegler, M.D. Ziegler, J.P. Biersack (2008) The Stopping and Range of Ions in Matter, 

SRIM – Version 2008.04 (2008) <www.SRIM.org>. Accessed 15 March 2022 
[4] B. Pritychenko, A. Sonzogni (2016) Brookhaven National Laboratory, National Nuclear Data 

Center (NNDC), https://www.nndc.bnl.gov/nudat3/ Accessed 15 Dec 2021 
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PRECISE MEASUREMENT OF EXCITATION FUNCTION AT 
CLOSE-LYING ENERGIES FOR PRODUCTION OF 111In BY natAg (, 

xn) REACTION 

D. Banerjee1, R. Tripathi2, Sk W. Raja1, S. Dey Chaudhuri1, A. K. Biswas1,  
S. K. Ghosh1, P. K. Mohapatra2 

1 Radiochemistry Division (BARC), Variable Energy Cyclotron Centre, Kolkata-700064, India 
2 Radiochemistry Division, Bhabha atomic Research Centre, Mumbai-400085, India 

he detailed measurement of production cross section of medically important 111In (2.83 d)  
radioisotope are limited. The previous measurement suffers also from cross section values having 

10% or higher error values and the data are not available at close by -energy values in a single 
measurement. The present work aims at the measurement of excitation function at close-lying incident 
energies of -beam available from RT Cyclotron at VECC, Kolkata. The energy values were chosen 
in such a way that they lie almost symmetrically around E= 30 MeV, the energy corresponding to the 
maximum yield of 111In-isotope from 109Ag (, 2n) reaction and the energy difference between two 
successive points has been kept in between 1.3 MeV to 2.2 MeV. beam at each target was calculated 
by SRIM 2013 code. All the irradiated targets were counted at a dead time of ~5-8 % and the distance 
from the detector was adjusted accordingly depending on the radioactivity produced at any particular 
target foil.  

The energy spectrum obtained  by irradiating 40 MeV -beam on natAg target is shown in Fig. 1. The 
energy spectrum shows the presence of 108In (HS, 58 min), 109In (HS, 4.2 h), 110In (HS, 4.9 h & LS, 
69.1  min) and 111In (HS, 2.83 d) isotopes. 

All the In-isotopes produced in different reaction channels could be identified by their characteristic -
lines. As the present experiment was an offline experiment involving the decay- spectroscopy, few 
shorter-lived In-isotopes could not be detected. The -lines used for identifying different In-isotopes 
are shown in Table 1. 

 
Figure 1: Energy spectrum for natAg (, xn) reaction at E= 40 

MeV. 

 
 

Figure 2: Experimental cross section values for 109Ag 
(�, 2n) 111In reaction. 
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Table 1: Characteristic -lines of identified In-isotopes 
Isotope t1/2 -line (keV) I (%) 

108In (7+) 58 m 875.4 100 
109In (9/2+) 4.2 h 203.365 79.1 

110In (2+) 69.1 m 7.7 97.74 
110In (7+) 4.9 h 884.717 93 

111In (9/2+) 
 

2.83 d 1.3 

245.4 

100 

100 

In Fig. 2, the cross section (CS) values (in milli barn, mb) for 111In-isotope at some selected energy 
values are shown. The experimental CS values were determined by standard stacked foil irradiation 
technique followed by offline decay gamma spectroscopy using high resolution HPGe detector. The 
CS values are in reasonable agreement with existing literature [1-2]. The CS values shown in Fig. 2 
could be determined with an improved uncertainty. The present result will be useful for validation of 
models and prediction of optimum energy for thick target yield in case of medically important 111In-
isotope. 

References:   
[1] R. Guin et al., Phys. Rev. C., 46, 250 (1992). 
[2] S. Fukushima et al., Nucl. Phys., 69, 273 (1965). 

 

ACTIVATION CROSS SECTIONS OF natCd(α,xn)117mSn UP TO 45 MEV 

Sk Wasim Raja1, S. Dey Chaudhuri1, D. Banerjee1, S. K. Ghosh1, A. K. Biswas1, R. Acharya2 

1Radiochemistry Division (BARC), Variable Energy Cyclotron Centre, Kolkata-700064 
2Radiochemistry Division, Bhabha Atomic Research Centre, Mumbai-400 085 

he 117mSn (T1/2=14 d) is an important theranostic (therapeutic + diagnostic) radionuclide. 117mSn, 
because of its suitable half life of 13.76 d along with suitable decay properties like emission of 

low energy Auger electrons, conversion electrons and 158.56 keV (86.4%) gamma rays, makes it 
suitable  both for therapy and imaging for medical applications. This radionuclide is generally 
produced via 116Sn(n,γ) and 117Sn(n,nʹγ) reactions in a nuclear reactor. However, the specific activity of 
the product is much lower than that required for medical applications. The reactions 115In(α,x)117mSn 
and 116Cd(α,3n) are presently being investigated  to produce high specific activity 117mSn using charged 
particles from cyclotron. Accurate cross section data are required to optimize the production of 
medicinally important 117mSn via alpha induced reactions on cadmium targets. In the present work, 
medicinally important theranostic radionuclide 117mSn (14 d) was produced by irradiating natural Cd 
foils using stacked foil activation technique using 45 MeV alpha beam from VECC cyclotron. 
Excitation functions of the radionuclides produced from natCd(α,x) reactions were measured. These 
experimental data will be helpful to enrich the experimental database for the production of these radio 
nuclides, optimization of production route and impurities/contamination levels calculation for 117mSn 
and also for testing nuclear reaction model codes [1]. 
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Figure 1: Gamma ray spectrum acquired after 22 h (above) 

and 4 d (below) cooling periods of the natCd(α,x) reactions at 
45 MeV energy. Radionuclides with energies are marked for 

the gamma ray peaks. 

 
Figure 2: Target Excitation function of natCd(α,x)117mSn 

reaction. Experimentally measured cross section data are 
compared with previously published literature data and 

TENDL-2019 data library. 

Stacked foil activation technique followed by offline measurement of radioactivity using HPGe 
detector system was employed for the measurement of excitation function of  117mSn and other 
radionuclides produced from natCd(α,x) reactions. Natural Cd foils were irradiated using 45 MeV alpha 
beams from VECC cyclotron.  Three stacks each consisting of 4 natural Cd foils ( 50.4 µm thickness, 
99.7% purity) and 1-2 Cu foils (25.4 µm, 99.9% purity; beam current monitor and energy degrader) 
were irradiated with 60-100 nA current for about 1 h. The induced radioactivity in the target foils was 
measured using 50% HPGe detector. Typical gamma ray spectrum measured after 22 h and 4 d 
cooling periods of the Cd targets irradiated with 45 MeV alpha beams is shown in Fig. 1. 
Experimentally measured cross section data are shown in Fig. 2 for 117mSn along with previously 
published literature data [2-5] and theoretically predicted data from TENDL-2019 using TALYS-1.95 
code [6]. As it can be seen from Fig. 2, there are large discrepancies in absolute values of cross section 
data in the entire energy region as well as in the shape among the different works reported in literature 
and also from theoretical database TENDL-2019 based on the TALYS-1.95 code. 

References: 
[1] Sk Wasim Raja et al., Nucl. Phys. A 1015 (2021) 122309. 
[2] F. Ditroi et al., Appl. Radiat. Isot. 118 (2016) 266.  
[3] M. U. Khandaker et al., Nucl. Instr. Meth. B 333 (2014) 80. 
[4] S. M. Qaim and H. Dohler, Int. J. Appl. Radiat. Isot. 35(7) (1984) 645.  
[5] C. Duchemin et al., Appl. Radiat. Isot. 115 (2016) 113.  
[6] J. Koning et al., Talys Evaluated Nuclear Data Library (TENDL-2019). 

 

PROBING SOLUTE-DRAG EFFECT AND ITS ROLE IN 
STABILIZING ORTHORHOMBIC PHASE IN BULK LA-DOPED HFO2 

D. Banerjee1, C. C. Dey2, A. K. Biswas1, R. Acharya3, P. K. Pujari3 

1Radiochemistry Division (BARC), Variable Energy Cyclotron Centre, Kolkata-700064 
2Saha Institute of Nuclear Physics, 1/AF Bidhannagar, Kolkata 700064 

3Radiochemistry Division, BARC, Mumbai-400085 

he recent observation of ferroelectricity (FE) in ultra thin film of Hafnium Oxide (HfO2) has been 
attributed to the orthorhombic (o) phase of HfO2 with space group Pca21. Although this oxide is 

polymorphic in nature, this polar o-phase is known to be stabilized in doped thin film oxide. The 
objective of present experiment is to stabilize the o-phases in La doped bulk polycrystalline HfO2 and 
investigate their evolution with doping concentration through Time Differential Perturbed Angular 
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Correlation (TDPAC), X-ray Near Edge Structure (XANES) and Extended X-ray Absorption Fine 
Structure (EXAFS) measurements. Present work reports the presence of both polar Pca21 phase and 
antipolar Pbca phase at different La-concentrations. The 3, 5, 7, 10 and 15 at% La doped HfO2 
samples were prepared by co-precipitation method. 

 
Figure 1: XRD spectra for different La-doped samples Figure 2: TDPAC spectra for pure and 5 at% La-doped samples 

The powder XRD peaks shown in Fig. 1 suggest the presence of o-phase in the La-doped samples. The 
TDPAC spectra for doped samples are shown in Fig. 2. The A2G2(t) spectra are shown in the left side 
of the figure and the corresponding cosine transforms are shown in the right side. All the probe sites 
found in the present work could be assigned to different o-sites as discussed in our previous work [1]. 
The XANES study confirms the ‘+4’ oxidation state of Hf in all the samples. it is seen that the average 
crystallite size gradually decreases with the at% of La-dopant. The crystallite size sharply decreases 
from 48 nm (pure HfO2) to ~26 nm at 5 at% of La-content and then it decreases at a much slower rate. 
This suppression of grain growth can be explained by a solute drag effect [38-39] where an impurity 
atom produces a drag in grain boundary. Similar solute drag effect by La-dopant has not been reported 
in bulk hafnia, to the best of our knowledge. The fact that the mobility of grain boundary decreases 
with increasing valence of dopants [38] indicates a crucial role of OV in the movement of grain 
boundary. So, any dopant with lower valence than Hf4+ is expected to increase the [OV] in HfO2. 

Table 1: TDPAC parameters for different probe sites found in all samples 
At% of La ωQ (Mrad/s) η δ (%) Population (%) Site structure 

0 124.5 (1) 
121 (1) 
7 (1) 

98.0 (7) 

0.347 (3) 
0.61 (2) 

0 
0.33 (2) 

2.8 (2) 
2.5 (8) 

0 
0 

80 (3) 
11 (1) 
3 (1) 
6 (1) 

P21/c 
Pbca 
defect 
Pca21 

5 124.0 (4) 
118 (1) 
96 (1) 

0.347 (7) 
0.70 (2) 
0.41 (3) 

5.4 (4) 
3.3(9) 

0 

81 (3) 
15 (1) 
4 (1) 

P21/c 
Pbca 
Pca21 

7 125 (2) 
113 (2) 
97.1 (7) 

0.31 (3) 
0.74 (2) 
0.50 (2) 

8 (3) 
5(1) 

0 

56 (3) 
29 (2) 
14 (2) 

P21/c 
Pbca 
Pca21 

10 124 (2) 
119 (4) 
97 (1) 

0.32 (5) 
0.53 (6) 
0.37 (3) 

0 
13 (2) 

0 

5 (2) 
86 (3) 
9 (2) 

P21/c 
Pbca 
Pca21 

15 124(1) 
115(4) 
90.8(6) 

0.31(3) 
0.57(5) 
0.46(2) 

0 
14(2) 

0 

7(2) 
81(3) 
12(2) 

P21/c 
Pbca 
Pca21 

This OV should be available for the diffusion of dopant across the grain boundary. This implies that a 
dopant having a strong attraction for OV would scavenge the OV and reduce the free [OV] required 
for the diffusion of cation. This phenomenon would result in a suppression of grain boundary mobility. 
In case of trivalent dopant, viz., La3+, one OV is created in HfO2 by two dopants and one trivalent 
dopant, having an affinity for OV, may scavenge the OV created by the other dopant. This scavenging 
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effect may be prevalent in case of La-dopant due to its well-known attractive interaction with OV [38]. 
So the addition of La dopant drastically reduces the free [OV] in HfO2 at the beginning and hence, the 
grain boundary mobility also decreases due to a strong solute drag effect. This effect eventually 
hinders the crystal growth and thus the crystallite size steeply decreases up to 5 at% of La-dopant. At 
higher content of La-dopant above 5 at%, the OV reappears. Thus the presence of o-phase in bulk La-
doped HfO2 could be confirmed for the first time by TDPAC spectroscopy and corroborated by 
EXAFS measurements. The role of La-dopant could be described by solute drag model. There exists a 
critical crystallite size for the onset of nucleation of o-phase in the subset of monoclinic particles. The 
present study widens the scope of this ferroelectric device in future. 

References: 
[1] D. Banerjee et al., Materials Today Communications 26, 101827 (2021).  
[2] J.W. Cahn, Acta Met. 10, 789-798 (1962). 
[3] Pei-Lin Chen and I-Wei Chen, J. Am. Ceram. Soc. 79 (7), 1793-1800 (1996). 

 

ORTHORHOMBIC STRUCTURE STABILIZATION IN BULK HFO2 
BY YTTRIUM DOPING 
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2Saha Institute of Nuclear Physics, 1/AF Bidhannagar, Kolkata 700064 

3Radiopharmaceutical Division, BARC, Mumbai-400085 

he recently observed ferroelectricity in thin films of pure and doped Hafnium oxide (HfO2) has 
initiated a continuous effort to stabilize its ferroelectric phase which is the polar orthorhombic (o) 

phase with space group Pca21. This polar o-phase of the oxide does not appear in its phase transition 
sequence and is also not thought to be stabilized in bulk oxide. Here, we report the stabilization of 
three o-phases of this oxide in bulk with space groups Pbca, Pca21 and Pbcm in presence of Yttrium 
(Y) dopant. A very recent observation of FE in bulk single crystals of Y-doped HfO2 [1-2] has 
widened the scope of future application of this ferroelectric device. For inducing o-phase, 10 at% of 
Y-dopant has been used and temperature mediated phase transformation from monoclinic (m) to o-
phase has been observed. The third o-phase with space group Pbcm could be stabilized for the first 
time in bulk oxide by Y-dopant. All the o-phases in presence of m-phase could be identified by Time 
Differential Perturbed  Angular Correlation (TDPAC) Spectroscopy. Both pure and doped 
Hafnium oxide (HfO2) samples were synthesized from Hafnium Chloride (HfCl4, Otto, 99.9%) 
precursor following coprecipitation method as described elsewhere [3]. In the present work, 181Hf/Ta 
has been used as TDPAC probe. The probe 181Ta nucleus has 133-482 keV γ-γ cascade passing 
through the intermediate 482 keV level having a spin angular momentum of 5/2+ and half-life 10.8 ns. 
The TDPAC spectra for pure and 10 at% Y-doped HfO2 samples are shown in Fig. 1 measured at 
room temperature (RT). The variation of perturbation factor G2(t) with time is shown on left side and 
the corresponding Fourier Transforms are shown on right. To look into any change in relative 
population of different phases or the appearance of any new o-phase in doped sample at high 
temperature, TDPAC measurement was also performed at 973K with Y-doped sample. The 
corresponding TDPAC spectra for 10 at% Y-doped sample measured at 973K and re-measured at 
300K are shown in Fig. 2. 

T
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Figure 1: TDPAC Spectra for (a) pure and (b) 10 at% Y-

doped HfO2. Each component has been marked with a 
horizontal line having vertical arrows pointing towards 

frequency components. 

 
Figure 2: TDPAC spectrum for (a) 10 at% Y-doped HfO2 

measured at 973K and (b) 10 at% Y-doped HfO2 measured at 
300K after measuring at 973K. 

The fitted TDPAC parameters for both pure and doped samples are given in Table 1. As can be seen 
from the Table, all the samples showed multiple probe sites corresponding to the m-phase and 
different o-phases. The relative population of all the phases could also be obtained from fitting the 
experimental perturbation function. 

Table 1: TDPAC parameters for pure and Y-doped HfO2 compounds with 181Hf/Ta probe at  
different measuring temperature (Tm): 

Sample Tm(K) PAC Parameters Population(%) Probe site 
ωQ(Mrad/s) η δ(%) 

Pure HfO2 300 123.9(3) 
124(1) 

0.339(2) 
0.72(2) 

1.7(2) 
0 

92 
8 

P21/c 
Pbca 

10 at% Y-
doped HfO2 

300 125.6(8) 
126(2) 
112(1) 
145(3) 

0.27(2) 
0.71(3) 
0.58(2) 
0.41(2) 

0 
0 
0 

22(3) 

8 
4 
6 

82 

P21/c 
Pbca 
Pca21 
Pbcm 

10 at% Y-
doped HfO2 

973 118(2) 
129(2) 
151(3) 
114(1) 
60(1) 

0.37(5) 
0.65(4) 
0.39(3) 
0.52(3) 
0.88(5) 

0 
0 

16(3) 
0 
0 

6 
5 

74 
8 
7 

P21/c 
Pbca 
Pbcm 
Pca21 
Pmn21 

10 at% Y-
doped HfO2 

300* 128.1(7) 
109(1) 
143(2) 
128(1) 

0.29(2) 
0.43(3) 
0.36(3) 
0.68(2) 

0 
10(2) 
5(1) 

0 

13 
59 
22 
6 

P21/c 
Pca21 
Pbcm 
Pbca 

The present work confirms that Y-dopant stabilizes the o-phase (both polar and non-polar) of HfO2 in 
bulk and annealing plays an important role in stabilizing different o-phase. At 10 at% level, Y-dopant 
stabilizes a new o-phase with space group Pbcm for which the experimental TDPAC parameters are 
obtained for the first  time. At high temperature of 973K, another new polar o-phase with space group 
Pmn21was also observed and this phase does not exist at RT. After prolonged annealing, the polar 
Pca21 o-phase could also be stabilized as a major phase in bulk 10 at% Y-doped oxide. Thus, the 
present work predicts a strong FE even in bulk for 10 at% Y-doped HfO2 and widens the possibility of 
this ferroelectric device in future. 

References: 
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STUDY OF THE EFFECT OF VARYING DETECTOR BIAS 
VOLTAGE AND EXTERNAL DELAY ON ENERGY AND TIMING 

CHARACTERISTICS OF LaBr3:Ce–PMT  

S. Dey Chaudhuri1, D. Banerjee1, Sk Wasim Raja1, R. Tripathi2, R. Acharya2, P.K Mohapatra2 

1Radiochemistry Division (BARC), Variable Energy Cyclotron Centre, Kolkata-700064 
2Radiochemistry Division, Bhabha Atomic Research Centre, Mumbai-400085 

n nuclear physics experiments, there are various standards for data acquisition systems (DAQ). The 
Versa Module Europa (VME) bus is an asynchronous, parallel bus which is highly effective in 

intense computing tasks. VME bus offers a backplane that provides fast data transfer allowing an 
increased amount of data. On the other hand, the detector used in the work is LaBr3(Ce) detector 
which due to its excellent energy resolution of ~3% at 662 keV Gamma line and short decay time 
(between 20-30 ns [1]), is presently one of the best choice among the various scintillators for fast 
timing application. The LaBr3(Ce) detector coupled to a fast Photomultiplier (PM) Tube Hamamatsu 
R2083 used in a VME DAQ is expected to yield an excellent time resolution (TR) and can be used in 
handling an increased amount of data or a high count rate. The high voltage to be applied to the 
detector system is the most important parameter to achieve the best TR in the linear energy response 
regime for the detector system. In the present work, 1 in. x 1 in. 5% Ce-doped LaBr3 crystals coupled 
to fast Hamamatsu R2083 PMT has been characterized in VME DAQ system.The present scintillator-
PMT assembly has been tested for both energy and timing response characteristics.The effect of 
applied bias voltage on the FWHM of 662 Kev -peak is shown in Fig. 1. 

 
Figure 1: Variation of FWHM (%) with applied bias voltage.

 

 
Figure 2: Variation of Time resolution (ps) with external CF 

delay (ns). 

The figure shows a marginal but steady improvement of FWHM from 3.88% to 3.55% with increasing 
bias voltage which is also anticipated from the increasing amount of charge collected at higher bias 
voltage. The variation of the Time Resolution of the Detector-PMT combination was also studied with 
varying external delay of the Constant Fraction Discriminator (CFD) module as shown in Fig. 2. The 
optimum Time resolution of 338.97 ps was achieved with a 3ns external delay. 

The present system has been utilized to determine the nuclear level life time of 244-121 cascade of 
152Eu. Table 1 depicts the experimentally measured value for the life time of the radio-isotope 152Eu. 
Fig. 3 & 4 depict the schematic & nuclear level life time of the 244-121 cascade of 152Eu respectively. 

0 1 2 3 4 5
320

360

400

 Time resolution

T
im

e 
R

es
ol

ut
io

n 
(p

s)

External Delay (ns)

I



Progress Report 2021-22 

 
42 

 
 

 
 
 

 
Figure 3: Nuclear level life time of 244-121 

cascade of 152Eu as present in literature. 

 
Figure 4: Experimentally achieved nuclear level life time of 152Eu. 

The life time for 121 keV level was experimentally found to be 1.34 (4) ns which is in well agreement 
with the literature value of 1.42 ns.   

Reference: 
[1] B. Loher. et. al, Nucl. Instrum. A 686, 1-6 (2012). 

 

SYNTHESIS OF 68Ga-PSMA-11 RADIOPHARMACEUTICAL USING 
INDIGENOUSLY DEVELOPED SEMI-AUTOMATED MODULE  
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1Regional Centre, BRIT, MCF, VECC, Chakgaria, Kolkata – 700094 

he set-up and methodology followed for the preparation of enriched Zn-68 electroplated targets 
(Fig. 1) (for 67Ga production) have been developed. The system comprises of a cylindrical plating 

vessel which allows insertion of 4 targets carriers, power supplies and control units, custom made at 
VUB, Belgium. Irradiations of the electrodeposited (~ 94.5 – 95.5 µm) 68Zn targets were carried out 
with the 15MeV proton beam of up to 60µA for 25 minutes at 6° angle. During the irradiation the 
target assembly was water cooled with a flow rate of 9 liter/min. Beam current/charge deposited on the 
target  was  monitored  with  a  current  integrator. The  original  script  for  the  Ga-67  chemistry  was 

 
Figure 1: Electroplated Zinc-68 targets 

 
Figure 2: Module for 68GaCl3 and 68Ga-PSMA-11 synthesis 
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supplied by VUB for production of long lived Ga-67 (78.3 hours) radiochemical and thus required 
modifications while working on our system (Fig. 2) for production of short lived Ga-68 (68 minutes) 
isotope. Beam energy was accordingly adjusted to obtain Ga-68 in curie quantity. The irradiated target 
was dissolved in 10N HCl (containing 100 μL H2O2). Ion Exchange Chromatography using Dowex 
50W-X8 resin (100-200 mesh, H+ form) was carried out to remove Cu and 68Zn from 68Ga. Solvent 
extraction of 68Ga from aqueous phase (HCl) to organic phase DIPE was carried out utilizing DIPE 
(DIPE saturated with 7N HCl). Post separation of both the phases, the HCl layer was transferred to 
waste-flask inside the radiochemistry module. Radiolabelling was performed by adding buffer + 
peptide (PSMA-11) mixture to the reaction vial and heating for 10 mins at 95°C. 3 mL water for 
injection was added to the reaction vial. The mixture was passed through C-18 column and the waste 
was collected in the waste vial. 3 mL water for injection was again added to wash the C-18 column; 
collected in the waste vial. 68Ga-PSMA-11 was eluted from the C-18 column using 50% (v/v) EtOH 
and collected in the product vial containing 0.9% saline. Column was washed with water for injection 
and collected in the product vial. The resultant 68Ga-PSMA-11 radiopharmaceutical solution was 
filtered using sterile pyrogen free membrane syringe filter. Small aliquots (0.5 ml) of clinical grade 
68Ga-PSMA-11 solution was dispensed into sterile, pyrogen-free glass vials using the automatic 
dispensing system as per customer requirement. The glass vials were sealed with rubber closures, 
capped and crimped with aluminum caps. The sealed glass vials were transferred to a cylindrical lead 
container (LP-30), surrounded by thermocol and placed inside an outer container made up of HDPE 
(TPPL-1) and sealed before being dispatched to hospitals. The entire operation was carried out in an 
aseptic environment using ultrapure grade chemicals and sterile and pyrogen-free glassware to ensure 
the purity (radionuclide, radiochemical and chemical), sterility and apyrogenicity of the product. 
Physico-chemical and biological quality control of [68Ga]Ga-PSMA-11 were optimized and carried out 
and they are in accordance with USP monograph, International Pharmacopeia and Indian 
Pharmacopeia.  
Quality Control Results 

 The radiochemical purity of 68Ga-PSMA-11 was ≥ 95% (TLC & HPLC method) 

 The radionuclidic purity of 68Ga was > 98% (determined by HPGe) 

 The metal content of 68Ga-PSMA-11 (Fe, Cu and Zn) were within the specified values. 

 The Bacterial endotoxin in 68Ga-PSMA-11 was < 5 EU/mL (PTS method) 

 The residual solvent DIPE in 68Ga-PSMA-11 was within the specified value (GC method). 

 68Ga-PSMA-11 was evaluated for sterility test and it passed the sterility test 

 A typical PET-CT scan of 68Ga-PSMA-11 of a patient diagnosed with prostate carcinoma is 
given below            

 
Figure 3: PET-CT image of [68Ga]Ga-PSMA-11 
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68Ga-PSMA-11 injection has been supplied to Chittaranjan National Cancer Institute (CNCI), Netaji 
Subhas Chandra Bose Cancer Hospital, AMRI Hospitals (Dhakuria) and Command Hospital (Eastern 
Command, Alipore Road), Kolkata. Feedback from the hospitals add support to the use of our 68Ga-
PSMA-11 as a pharmaceutical grade diagnostic radiopharmaceutical. 

 

PRODUCTION AND SUPPLY OF THALLIUM-201 CHLORIDE 
RADIOPHARMACEUTICAL  

Sankha Chattopadhyay1, Luna Barua1, D.G. Mahesh1, Shayantani Ash1, Sujata Saha Das1, Md. 
Neyar Alam1, Samarjit Singha1, Madhusmita1, Suprakash Roy, Debdyuti Ghosh, Manas Ghorai, 

Vinayak Rasankar, Prosenjit Dhang 

1Regional Centre, BRIT, VECC, MCF, Chakgaria, Kolkata – 700094 

he SPECT isotope 201Tl (t1/2= 73.06 hours) in the form of 201TlCl is a diagnostic myocardial flow 
tracer to detect coronary artery disease and to assess myocardial viability, with an accuracy 

comparable to that of positron emission tomography.  Other medical applications of the same include 
possible assessment of physiology, as a renal medullary imaging agent, and for tumor detection. 
Irradiations of the electrodeposited (~ 74 - 75 µm) 203Tl targets were carried out with the 28 MeV 
proton beam of and 50µA beam current for up to 6-8h at 6° angle. During the irradiation the target 
assembly was water cooled with a flow rate of 9 liter/min. Beam current/charge deposited on the target 
was monitored with a current integrator. 
 
At first chemical separation of Pb-201 from Tl-203 was done within 1h after EOB. Then after 32-34 
hrs of decay of Pb-201 to Tl-201, second separation was carried out to get [Tl-201]TlCl 
radiopharmaceutical. The production of 201TlCl, has been carried out in GMP certified hot cell and 
semi-automated radiochemistry module. 201TlCl (201Tl+ form) solution obtained was assayed for 
radioactive concentration and suitable activity dispensed into sterile pyrogen free glass vials for supply 
to hospital. The entire operation was carried out in aseptic environment using ultrapure grade 
chemicals and sterile and pyrogen-free glassware to ensure the purity (radionuclide, radiochemical and 
chemical), sterility and apyrogenicity of the product. The physicochemical quality control and BET 
assay was completed prior to supply of the product. Sterility was initiated within the same day of 
production. RPC Clearance has been obtained for the production and supply of sterile, pyrogen free, 
isotonic aqueous solution of radioactive Thallium-201 (201Tl) in the form of Thallous Chloride suitable 
for diagnostic uses in patients. 

 
Figure 1: Tl-chemistry module inside hotcell. 

 
Figure 2: Thallium External Panel : computer based controller system

 

T
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Figure 3: HPGe spectra of 201TlCl. 

Thallium-201 chloride (Tl-201) for cardiac imaging studies towards early diagnosis of heart ailments. 
BRIT Regional Centre at Kolkata jointly with VECC, Kolkata, produced Tl-201 for the first time from 
the 30 MeV cyclotron [CYCLONE-30].  Tl-201 chloride was recently approved for use in cardiac 
imaging by Radiopharmaceutical Committee, DAE. The Tl-201 patient doses were supplied to NH 
Rabindranath Tagore International Institute of Cardiac Sciences, Kolkata. Excellent feedback has been 
received from the hospital on the SPECT imaging performed in two patients for ischemia evaluation 
and viability assessment respectively. The Tl-201 produced by BRIT RC Kolkata reportedly showed 
good bio distribution as shown in Fig 4 with good cardiac uptake due to which excellent quality 
images could be obtained. Uptake of Tl-201 in the liver and soft tissues was low as compared to that 
of 99mTc-MIBI in the same patients. 

 
Figure 4: SPECT imaging for cardiac studies: A comparison between 99mTc-MIBI and 201TlCl 
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1.5 Material Research 

CHARACTERIZATION OF ION INDUCED MICROSTRUCTURAL 
CHANGES IN OXYGEN IRRADIATED Ti-6Al-4V 

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

he Ti-6Al-4V is vastly familiar alloy of Ti that has found use in many industries due to its 
excellent fabrication experience, well established properties database and very well balanced 

mechanical properties between strength and ductility. Ti-6Al-4V is being used as structural material in 
particle accelerators thus seeing a neutron environment and suffering radiation damage. This serves as 
an impetus to undertake ion irradiation studies in this alloy to understand the materials’ radiation 
response. Our earlier study using proton irradiation on Ti-6Al-4V showed that radiation induced 
segregation (RIS) was an issue at and near the surface of the alloy at a dose of 5E17 p/cm2 [1] which 
was reiterated when the thickness wise study was carried out on the same samples [2]. It was noted 
that the RIS phenomena could be seen only at the surface and no segregation was observed throughout 
the irradiated thickness, up to the peak damage region [2].  

Changes in microstructure and mechanical properties of Ti-6Al-4V alloy irradiated using 160 MeV 
O6+ has been reported here. This work helps us in understanding the effect of cascade size (which is 
different in proton and heavy ion) on the development of irradiation induced microstructure. In the 
present work, (160 MeV O6+) the doses were chosen such that the average dpa calculated up to the ion 
penetration depth is similar to that obtained using the 7MeV proton irradiation study carried out earlier 
[2]. The microstructural changes have been characterized using different X-ray diffraction line profile 
analysis (XRDLPA) and electron back scattered diffraction (EBSD) techniques. The corresponding 
mechanical property changes have been assayed using Vickers micro-hardness measurement. 

 
Figure 1: dpa variation with ion penetration 

depth for O6+ irradiated Ti with different doses 

 
Figure 2: The variation of Plane average (a) Domain size and (b) 

Microstrain from modified Rietveld analysis using MAUD software 

The damage caused by 160 MeV O6+ ion in Ti is calculated using the Monte-Carlo simulation program 
SRIM 2013. The number of displaced atoms per incident ion was calculated from the resultant phonon 
energy transferred to the lattice by both the primary ion and the recoil atoms using the NRT model and 
it is shown in Fig. 1. The modified Rietveld analysis using the MAUD software, was used to obtain 
the average domain size and the microstrain in all the samples considering anisotropic size-strain 
broadening using the Popa model [9,10]. The results of anisotropic MAUD fitting in terms of plane 
average domain size and plane average microstrain are plotted in Fig. 2(a) and 2(b), respectively. The 
results indicate the following:  (a) at the first dose of irradiation, the decrease in the domain size and 
the increase in the microstrain is due to the formation of irradiation induced defect clusters  (b) at the 
second dose of irradiation, these clusters rearrange or collapse to form larger clusters or loops causing 
a sudden decrease in the microstrain and (c) at the third dose, the formation of defect clusters and their 
arrangement almost reaches a steady state behaviour so that only a small change in domain size and 
microstrain is observed compared to that of the second dose. One can hence conclude prima facie that 
this is an indication of the radiation resistive nature of the Ti-6Al-4V alloy. 
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Figure 3: The (a) Domain size, (b) Dislocation density and (c) Wilkens arrangement parameter have been 

plotted from the CMWP analysis. 

The XRD data has been analyzed in more detail using the CMWP analysis the results of which are 
plotted in Fig. 3. The values of the surface weighted domain size are also plotted in Fig 3(a). The 
dislocation density and the Wilkens arrangement parameter obtained as a function of dose are plotted 
in Fig. 3(b) and 3(c), respectively. The dislocation density increases with irradiation (Fig. 3(b)) but 
tends towards saturation at the highest dose. The Wilkens parameter M* indicates the correlation (or 
the arrangement) of defects/dislocations. The fitted values of M*, which shows a sudden decrease in 
the irradiated samples (Fig 3(c)) is undoubtedly pointing to the fact that the defects that are created 
with irradiation are more correlated. The small but finite decrease in the M* values also indicates that 
with dose, the defects are getting more correlated, which could be related to the arrangement of the 
defects. This is also concomitant with the decrease in the microstrain values obtained from the 
modified Rietveld analysis. Due to the higher density of defects at the higher doses, these defects try 
to minimize the strain energy by rearrangement, which reflects as the lowering of the Wilkens 
arrangement parameter. 

The results of EBSD analysis in terms of band contrast (BC) and mean angular deviation (MAD) are 
shown in Fig. 4(a) and 4(b), respectively. Cumulative frequency plot of the BC, shows that the BC 
decreases at the first dose of irradiation but shows a recovery at the second and third doses. New 
domain formation inside the grains or decrease of the domain size or development of microstrain 
inside the domain can lower the band contrast values. Thus, the lower BC values at the first dose are 
consistent with the decrease in domain size and increase in the microstrain obtained in the XRD 
analysis. The improvement in the BC values at subsequent doses could mainly indicate the decrease in 
the local strain in the scanned area. The cumulative frequency distribution (Fig. 4(b)) of MAD shows 
lower MAD value for the pristine sample than the three irradiated samples. The increase of MAD 
value can be related to the formation of new misorientation boundaries or increased misorientation 
angle of previously present boundaries. The increase in MAD at the first and second dose of 
irradiation indicates that defect density increases, leading to the formation of misoriented regions in 
the matrix. However, at the highest dose of irradiation, the decrease of the MAD values could indicate 
a decrease in the defect density due to rearrangement of the defects leading to the formation of regions 
of lower misorientation. 

 
Figure 4: The cumulative frequency plot of (a) Band Contrast and (b) 

Pattern MAD for pristine and O6+ irradiated Ti-6Al-4V samples 

 
Figure 5: Vickers micro-hardness variation of 
pristine and O6+ irradiated Ti-6Al-4V samples 
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The measurement of Vickers micro-hardness is shown in Fig. 5 for the pristine sample along with the 
other three irradiated samples. The hardness increases in the first dose and almost shows saturation 
with subsequent irradiation. This result shows that the effect of radiation saturates after the initial 
irradiation dose and indicates that the material has good radiation resistive properties. Comparing the 
results with that of the proton irradiation study [2], the major difference is the absence of the 
observation of RIS in these samples. This can be mainly attributed to the difference in the 
displacement cascades leading to differences in the in-cascade clustering and the number of freely 
migrating point defects.  
References: 

[1] Dutta Gupta, P. Mukherjee, N. Gayathri, P. Bhattacharyya, M. Bhattacharya, A. Sarkar, S. Sen, 
M.K. Mitra, Proton irradiation studies on pure Ti and Ti-6Al-4V, Nucl. Instruments Methods 
Phys. Res. Sect. B Beam Interact. with Mater. Atoms. 387 (2016) 63–72. 
https://doi.org/10.1016/j.nimb.2016.09.010. 

[2] S. Dey, A. Dutta, P. Mukherjee, N. Gayathri, A.D. Gupta, T. Roy, Characterization of ion 
induced damage as a function of depth in proton irradiated pure Ti and Ti–6Al–4V, J. Alloys 
Compd. 821 (2020) 153441. https://doi.org/10.1016/j.jallcom.2019.153441. 

 

EFFECT OF OXYGEN ION IRRADIATION ON Nb-1Zr-0.1C ALLOY 
CHARACTERISED USING X-RAY DIFFRACTION LINE PROFILE 

ANALYSIS 

Argha Dutta, Apu Sarkar1, Uttiyoarnab Saha, N. Gayathri, Santu Dey, P. Mukherjee 

1Mechanical Metallurgy Division, Bhabha Atomic Research Centre, Mumbai-400085, India 

efractory metals by virtue of their good high temperature properties can be used as a potential 
candidate structural material for high temperature nuclear reactors [1]. Among all refractory 

metals, Niobium (Nb) and its alloys have been selected as candidate structural material for space as 
well as compact high temperature reactors (CHTR) based on their resistance against coolant and low 
density as compared to other refractory metals [1]. It was found that the Nb-1Zr alloy with C content 
provides superior creep resistance than the Nb-1Zr alloy due to the presence of stable cubic Zr and Nb 
carbides in the matrix [2]. Existing literature shows that properties of pristine Nb-1Zr-C alloy are 
adequate for use in advance power applications though the irradiated properties are yet to be 
determined. In this work, radiation damage study of Nb-1Zr-0.1C alloy has been carried out using 160 
MeV O6+ ion at room temperature. 

 
Figure 1: (a) Displacement per atom (dpa) as a function of depth for the sample irradiated to a dose of 5×1015 
O6+/cm2 (b) Comparison of PKA spectra of 160 MeV oxygen ion in Nb with typical neutron spectrum of CHTR 

Nb-1Zr-0.1C alloy was irradiated by 160 MeV oxygen ion (O6+) using Variable Energy Cyclotron, 
Kolkata up to three different doses.  The damage profile, penetration depth and displacement per atom 
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(dpa) of 160 MeV oxygen ion in Nb was evaluated using SRIM 2013 [3]. Fig. 1a represents dpa as a 
function of penetration depth of oxygen ion for the highest dose sample. The average dpa considering 
the full penetration depth (84 µm) is calculated to be 0.02. The emulation of neutron irradiation by ion 
irradiation could be achieved as there is an overlap of PKA spectra and the numbers of weighted PKA 
for both the spectra are found to be almost similar with the recoil energy ranging from 100 eV to 100 
keV (Fig. 1b). The XRD data of all irradiated samples along with the as received sample were 
collected and are plotted in Fig. 2a. 

 
Figure 2: (a) XRD pattern of as-received and all irradiated samples collected using Cu-source. Comparison 

of normalized intensity of (b) (110) peaks and (c) (200) peaks between as-received and all irradiated 
samples (d) Williamson-Hall (W-H) plot of as-received and all irradiated samples. 

To understand the change in broadening due to irradiation visually, the normalized intensity of (110) 
and (200) peaks are plotted in Fig. 2b and Fig. 2c respectively. It is clear from both Figs. 2b and 2c 
that the broadening of the peak increases after irradiation as compared to the as received sample. 
Different methods were adopted to systematically to evaluate the microstructural parameters. Fig. 2d 
shows the Williamson-Hall (W-H) [4] plot for the as-received and all irradiated samples. A clear 
increase in the broadening of the diffraction peak is observed in the W-H plot as a result of irradiation 
in all irradiated samples as compared to the as-received sample. 

 
Figure 3: Variation in (a) Surface weighted domain size, (b) dislocation density and (c) Wilkens arrangement parameter 

evaluated from CMWP analysis. 

The scattered W-H plot clearly indicates anisotropic broadening in the diffraction peaks. To consider 
the anisotropy, Convolutional multiple whole profile (CMWP) [5] analysis was carried out. The 
surface weighted domain size shows a decrease with dose (Fig. 3a). The dislocation density increases 
at first dose and then saturates with further irradiation (Fig. 3b). The increase in Wilkens arrangement 
parameter indicates the absence of correlated dislocations after irradiation (Fig. 3c). The response of 
microstructure in presence of stress was also examined in terms of nanoindentation (Fig. 4). An 
indentation impression on the irradiated sample is shown in the inset of Fig. 4(a). Slip line steps are 
visible adjacent to the impression of the indent. The stiffer unloading curve for the irradiated sample 
as compared to the as-received sample indicates an increase in hardness due to irradiation The 
nanohardness increased after irradiation due to the pinning of dislocation movement by point defects, 
defect clusters/loops as well as C in the matrix. 
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Figure 4: (a) Nanoindentation load vs depth curves for as-received and 5x1015 O6+/cm2 irradiated samples. 

(b) Variation of nanohardness with irradiation dose. 
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1.6 Health Physics 

ACTIVITIES OF HEALTH PHYSICS UNIT, KOLKATA 

he 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 cyclotrons. No 

accidental radiation exposure was reported during the calendar year 2021-22. In addition, following 
are the activities of this Unit in 2021-22. 

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 330 samples have been analyzed and the total revenue earning were Rs. 33,00,000 (Rupees 
thirty three lakh only) from April, 2021 to March 31, 2022. Figures 1(a) and 1(b) show respectively, 
the number of samples analyzed and revenue earned in each month during 2021-22. 

 
Figure 1(a): Monthly breakup of samples in 2021-22 

 
Figure 1(b):  Revenue earned in 2021-22 

2. Radiation Protection Training: 
In accordance with the guidelines of AERB, radiation protection training (general and pertaining to 
VECC specifically) has been given in the form of lectures followed by tests for regular employees 
(new entrants) and for other persons (including trainees, students etc.). Personnel monitoring devices 
have been issued to those who qualified in such tests. Radiation safety training (for track change) was 
provided to work assistants of VECC and assessment was conducted at the end of training. 

3. Emergency Response Centre: 
Radiation Emergency Response Centre, VECC is a designated unit by Crisis Management Group of 
DAE to handle Radiation Emergency in and around Kolkata. The unit is equipped with emergency 
handling kits & instruments. Along with RERD, BARC, Director, VECC is the authority to give 
necessary advice and logistic support. The unit is in operation with a standard operating procedure 
(SOP). This unit also involved in training first responders of radiation emergency of different 
government agencies. A mock drill on Radiation Emergency: Communication and Response Table 

T
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Top Exercise was conducted for all the 25 RERECs of DAE. during October 20 - 21, 2021 by DAE-
ECR and RERD/RERM, BARC, Mumbai. The exercise was based on a hypothetical scenario related 
to a lost/stolen radiation source. Three injects have been given and RERC, Kolkata (VECC) responded 
within the prescribed time limits and the response was sent in proper format. 

4. Campus & Environmental Survey: 
Radiation survey has been carried out at 12 locations within the VECC compound once in every week. 
Air sampling analysis (daily), discharge sewerage water analyses have been carried out   (once a 
week). Radiation survey at 26 locations up to a distance of 5KM from the VECC site has been 
conducted once monthly. 

5. Radiation Safety Analysis for K-130, K-500 and Medical Cyclotron facilities: 
Radiation safety aspects, shielding & ventilation adequacy estimations, dose estimations, estimation of  
induced activity and other related safety analysis have been carried out time to time for  K-130 & K-
500  cyclotrons and the DAE Medical cyclotron facilities. Radiation survey and shipment clearance 
have been carried out during transport of 18FDG and 68Ga-PSMA-11  to various hospitals in Kolkata. 

6. Extending Support: 
Relative calibration check of  “Radiation Survey Meter (MR 4515,S No. 218,ECIL make) belonging 
to Electronics Regional Test Laboratory, Kolkata was carried out on request of Sr. Director, 
ERTL(East). Radiation Survey meters, Spectra Dosimeters meter and Neutron Survey meter belonging 
to SINP, Kolkata were tested for functionality and calibration on request and necessary test 
reports/certificates were issued. About 100 instruments comprising of survey meters and digital 
dosimeters belonging to NDRF 2nd Battalion, Harringhata, West Bengal have been tested for 
functionality and calibration on request and necessary test reports/certificates were issued. 

7. AERB Clearance:  
AERB team conducted an inspection regarding the stage II clearance of MCFacilities, the necessary 
radiological safety records have been presented before the regulatory team. 

 

MEASUREMENT OF NEUTRON AMBIENT DOSE IN 7Li(p,n)7Be 
REACTION 

Arup Singha Roy1, K. Banerjee, R Ravishankar1, Pratap Roy, R. Shil2, R. Dutta3, T. Ghosh,  
G. Mukherjee, S. Kundu, S. Manna, A. Sen, T. Rana and C. Bhattacharya 

1Health Physics Unit, Variable Energy Cyclotron Centre, 1/AF, Bidhan Nagar, Kolkata. 
2Visva Bharati University, Santiniketan, Bolpur, West Bengal 731235 

3TLD Unit, Variable Energy Cyclotron Centre, 1/AF, Bidhan Nagar, Kolkata. 

here is a growing interest to use natural Lithium as a target in (p, n) reaction because of its 
metallic nature and relatively high neutron yield. One of the application of using this reaction is 

for the calibration check of neutron detectors and dosimeters such as neutron flux meters, REM 
counter, CR-39 detector or neutron activation foil systems. Prior knowledge of energy differential 
neutron fluence at the instrument position is primary requirement for calibration of those instruments 
and to find out their response characteristics. Accurate determination of the neutron dosimetric field 
requires precise measurement of energy differential neutron fluence since it is the basic invariant 
quantity. This quantity multiplied with the latest ICRP recommended fluence to dose conversion factor 
will provide the actual energy differential neutron dosimetric field at the desired location. Time of 
Flight (TOF) is considered as the most precise method for neutron spectroscopy when the source 
position is well defined. Therefore we measured neutron fluence using TOF technique for 7Li(p, n)7Be 
reaction. 
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Experimental details: 
The experiment was conducted using K130 cyclotron at VECC, Kolkata. A natural Li target of 
thickness 4 mg/cm2 was kept inside a 3 mm thick stainless steel reaction chamber. Six 5 inch × 5 inch 
liquid organic scintillator detectors (BC501A) were placed at a distance of 1.5 meter covering angles 
between 30 - 150 surrounding the target centre. Neutron energy was measured using Time of Flight 
(TOF) technique whereas discrimination between neutron and -ray events were achieved by pulse 
shape discrimination using zero cross over (ZCO) technique. Three different proton energies (8, 12, 
and 13 MeV) were used. Start time of the TOF measurement was taken from the Cyclotron RF signal 
and the stop time was taken from the individual neutron detector signal.  

Analysis and Results: 
The neutron energy differential fluence was obtained using the measured time of arrival of the 
detected neutrons. This quantity was then subsequently converted to ambient dose equivalent, using 
ICRP 74 recommended fluence to dose conversion factor. It is evident from Figure 1 that for 8 MeV 
proton, only one neutron peak is visible along with continuum neutron energy contribution whereas at 
higher proton energies two discrete peaks are seen in the figure. The first peak at higher energy is due 
to the contribution of neutrons associated with both the ground and the first excited state of 7Be. The 
2nd neutron peak for 12 and 13 MeV proton energy is due to the contribution of neutrons from the 2nd 

excited state of 7Be. Total dose at a particular angle was obtained by integrating the ambient dose 
spectra over the whole energy range. Angular dose distribution thus obtained is shown in figure 2 for 
different incident proton energy. From the figure 2 it is clear that ambient dose at the forward angles is 
relatively higher compare to backward angles. It is also evident that neutron ambient dose decreases 
with the increase in incident proton energy. 

 
Figure 1: Neutron ambient dose distribution with energy 

 
Figure 2: Angular distribution of neutron ambient dose. 

References: 
[1] S.G. Mashnik, et al., Los Alamos National Laboratory Report LA-UR-00-1067, Los Alamos 

(2000); 
[2] 2. I.S. Anderson et al., Physics reports, 654, pp 1-58, (2016)  
[3] P.K. Sarkar, Radiation Measurements 45, pp 1476-1483, (2010) 
[4] ICRP Publication 74, Ann. ICRP 26 (3-4) (1996) 
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STUDIES ON PRODUCTION OF RADIO-NUCLIDES FROM 20Ne 
BEAM INDUCED REACTION ON NaBr TARGET 

Kousiki Ghosh Jana1, R Ravishankar1, Susanta Lahiri2,3 

1Health Physics Unit, Variable Energy Cyclotron Centre, 1/AF, Bidhan Nagar, Kolkata. 
2Former Senior Professor, Saha Institute of Nuclear Physics, 1/AF, Bidhannagar, Kolkata. 

3Diamond Harbour Women’s University, Diamond Harbour Road, Sarisha, South 24 Parganas 

n attempt has been made to study 20Ne induced reactions on NaBr target.  This is indeed a rare 
opportunity as only a handful numbers of accelerators amongst thousands all over the world can 

deliver 20Ne beam. Theoretical studies using PACE4 nuclear model code showed production of 
various important radionuclides, such as, 90Nb, 90Mo, 89Zr, 86Y and 81Rb. The evaporation residues of 
20Ne+natBr reaction in the energy range 110-185 MeV have been analyzed qualitatively and compared 
with the theoretical prediction. 

Materials and Methods:  
All the theoretical calculations were carried out using PACE4 nuclear model code. Gamma 
spectrometry of irradiated bromide target was performed by a 30% p-type, well-type HPGe detector 
connected to digital spectrum analyser (DSA 1000) and installed with Genie2K software. The detector 
was shielded by cylindrical lead rings and had resolution of 2.2 keV at 1.33 MeV. The energy and 
efficiency calibration of the detector were performed using standard sources of known activities such 
as 152Eu (T1/2 = 13.53 a), 60Co (T1/2 = 5.27 a), 137Cs (T1/2 = 30 a) and 133Ba (T1/2 = 10.51 a). Six bromide 
targets were irradiated with 20Ne beam of energies 110, 130, 150, 160,170 and 185 MeV. 

Results and Discussions:  
Radionuclides produced have been presented in the following table 

Radiotracer Half life Decay mode 
(%) 

Eγ, keV  
[I
γ
, %)] 

Probable contributing 
reaction 

Eth (MeV) 

90Nb 14.6 h ε + β
+
 141.17 (66.8) 

1129.2(92.7) 

79Br(20Ne, 4p5n)90Nb 
79Br(20Ne, 3He2p4n)90Nb 

81Br(20Ne, 4p7n)90Nb 

87.68 
78.01 
109.75 

90Mo 5.56 h ε + β
+
 257.34 (78) 79Br(20Ne, 3p6n)90Mo 

81Br(20Ne, 3p8n)90Mo 
91.78 
113.84 

89Zr 78.41 h ε + β
+
 908.96 (100) 79Br(20Ne, 5p5n)89Zr 

81Br(20Ne, 5p7n)89Zr 
94.04 
116.09 

86Y 
 

 

14.74 h 
 
 

ε + β 
 
 

627.72 (32.6) 
703.34 (15.4) 
777.35 (22.4) 
1076.64 (83) 

1153.01(30.5) 

79Br(20Ne, 6p7n)86Y 
81Br(20Ne, 6p9n) 86Y 

 

130.42 
152.28 

 

81Rb 4.576 h ε + β 190.46 (64) 
446.15 (23.2) 

79Br(20Ne, 8p10n)81Rb 
 

183.84 
 

Theoretical estimation of excitation function using Monte Carlo simulation based nuclear model code 
PACE4 have been carried out. Excitation function of 86Y, 89Zr, 90Mo, 90Nb, and 81Rb (Shown in 
following figure) produced from 20Ne induced reaction on bromide target have been predicted by the 
code. 
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Figure 1: Excitation function of radioisotopes produced from 79Br+20Ne reaction 

using theoretical model code PACE4. 

Conclusion: 
This experiment would serve as pioneering experiment on the interaction of neon beam on bromide 
target. No long lived radionuclides are produced by this reaction. 
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2.1 Room Temperature Cyclotron 

K130 ROOM TEMPERATURE CYCLOTRON  

P. S. Chakraborty 

eriod: April, 2021 – March, 2022: K130 room temperature cyclotron has been operating round 
the clock and delivering ion beams for different type of experimental research events. Light ion 

beams like alpha and proton have been used for the production of isotopes, irradiation, radiation 
damage study and nuclear physics experiments etc. Internal PIG ion source has been used for the 
production of alpha and proton. The K130 cyclotron generally operates between 6.5 – 15 MeV per 
nucleon in fundamental mode, however it has also developed low energy light ion beams (1-2 MeV 
per nucleon) in third harmonic mode of operation and these low energy light ion beams have been 
utilized for performing experiments. Apart from three HI (high intensity) beam lines, which are being 
used for experiments, the fourth beam line known as feeder line is regularly being utilised for 
transporting high intensity light ion beams to rare-ion beam facility for producing rare ion beams 
(RIBs). The new Dee insert and puller drive system have been installed which is compact, lightweight 
and easy to handle. Moreover, the new system will be bellow sealed compared to shaft seal in the 
earlier system which will reduce real leaks in the in the cyclotron vacuum. The new drive system is 
integrated with computer control. 

Cyclotron performance 
K130 room temperature cyclotron has regularly been fulfilling its targets, however its operation had to 
suspended occasionally for few days to weeks due to failure of its sub-systems (unplanned shutdown). 
The cyclotron operation was suspended in April due to water leaks in RF panels, in the month of 
August, September and October due to water leaks in Dee stem lower skin and RF panels, which 
consumes substantial time. There are also some preventive maintenance works or up-gradation 
activities (planned shutdown) when cyclotron systems are switched off. A planned shutdown of 
cyclotron was taken in the month of April for new puller assembly installation, target and dee probe 
work and in the month of May for computer control of puller assembly, LCW pump & cooing tower 
maintenance work. Planned shutdown has also been taken in the month of October and December 
during which air handling unit (AHU), duct work and dee probe rectification work etc. have been 
carried out. Again, sub-systems of cyclotron were shut-down from middle of May to middle of June, 
2021 due to state lockdown for COVID-19 pandemic (un-avoidable circumstances). The planned 
shutdown and shutdown due un-avoidable circumstances and others consumes about 1731 hours. 
There are incidents too where due to failure of a sub-system, cyclotron is not available for shorter 
duration (system breakdown). These are power dips and trips, leak chasing work, vacuum problem, 
conditioning of deflector and RF system, problems in magnet power supplies, diagnostics probe work, 
beam line alignment, electrical shutdown, cooling tower maintenance, cave shield door movement 
problem, electrical change over, safety interlock checking etc. Performance chart is of K130 cyclotron 
is shown below. 

 
Table 1 

 

Projectile Energy (MeV) 

Proton 7 - 14 

Alpha 26 – 52.4 

Alpha 5.5 – 6.5 

79.4%

11.5%

9.1%

Performance of K130 Cyclotron
(April, 2021 ‐March, 2022)

Cyclotron availability:5579 hrs

Unplanned shutdown:807 hrs 

System breakdown:643 hrs

P
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Projectiles: The K130 room temperature cyclotron has delivered alpha of beam energies shown 
below in Table-1, beam current on target being @ 1.0 - 20 nA in channel# II and III and 100 - 800 nA 
in channel#I as per user requirement. Proton beam of following energies and beam current on target @ 
0.5 – 8.0 nA in channel#III and 500 nA – 3.8 µA in channel#I have been delivered. 

During the above period cyclotron has delivered light ions for various experimental proposals. The 
facility has been utilised by the experimentalists of VECC, SINP, HPU/BARC/VECC ACD/BARC, 
Banaras Hindu University, Viswa Bharati University, Calicut University, RCD/BARC etc. 

 

RENOVATION & UPGRADATION OF RAW WATER COOLING 
SYSTEM FOR K-130 CYCLOTRON. 

Joydeep Misra, S. N. Das, I. Mukherjee, S. Ray 

aw water is being used as primary cooling medium for vacuum cooling system at K-130 
cyclotron. Over the last many years it has been observed that using high mineral contents raw 

water during operation narrow tubing’s often choked by scale formation and increase fouling rate and 
resulted poor thermal efficiency. In view of that implementation of low mineral content RO water has 
been chosen and implemented in place of raw water to reduced scale formation as well as to improve 
cooling performance. In addition to this, in raw water system shell & tube heat exchanger is being 
used to cool the hot water coming from the vacuum cooling system. The existing shell & tube heat 
exchanger which was around 30 years old has completely damaged due to wear and corrosion of the 
mild steel shell, as a result frequent breakdown due to water leakages as well as thermal efficiency 
also considerably reduced. Therefore renovation and upgradation of the heat exchanger unit was very 
essential for smooth operation of the cyclotron. In view of that old designed and damaged shell &tube 
heat exchanger has been replaced with new compact space saving plate heat exchangers having 
capacity 86 KW, (Fig-1) as plate heat exchanger has superior thermal performance, overall heat 
transfer co-efficient (U) is three to four times of shell &tube and much easier to service and have 
option for expandability. This installation of heat exchanger includes removal of old heat exchanger, 
modification of primary and secondary piping, installation of flow meter including modification of 
concrete foundation. Right now plate heat exchangers are operating successfully and performing 
satisfactorily. 

 
Figure 1: Plate type heat exchangers 
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RENOVATION AND UPGRADATION OF LCW PUMP-MOTOR SET 
IN LCW SYSTEM FOR K-130 CYCLOTRON. 

Joydeep Misra, S. N. Das, S. Roy, Anjan Duttagupta 

n RTC LCW (low conductivity water) system main LCW pump-motor set is being used to supply 
demineralized water at different inlet pressures to cyclotron subsystems such as magnet, power 

supplies, trim coils, radio frequency components, beam transport system etc. to cool the components 
by using a closed loop circuit. The existing pump-motor set which was very old, observed frequent 
breakdown as well as efficiency also considerably reduced and due to high body temperature were not 
suitable for round the clock operation. Therefore, renovation and upgradation of the pump-motor set 
was very essential for smooth operation of the cyclotron. In view of that old designed and damaged 
pump-motor unit has been replaced with new 200 KW compact space saving high efficiency, low 
noise SS316 make horizontal split casing centrifugal pump-motor set (Fig. 1) on the existing concrete 
foundation at VECC site. Necessary modifications of the existing foundation like cutting, removal of 
old MS base plate embedded in the concrete, levelling of new base frame, grouting and alignment of 
pump-motor set has been successfully completed as per site conditions and full load testing of the 
pump-motor set performed on 03-02-2022. The performance of the pump-motor found satisfactorily, 
hence the pump has taken for continuous operation to the original system and the overall noise level of 
the plant has significantly reduced from 88 dBA to around 73 dBA during operation of the pump at 
full load condition. 

 
Figure 2: SS316 make horizontal split casing centrifugal pump-motor set 
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HVAC INSTALLATIONS FOR CYCLOTRONS 

Mohd. Waseem Siddiqui, Gora Sen, Vinesh.V, Jaydev Bhowmik,  
Arup Maity, Chandrashekhar, PD Soni 

Design, installation and commissioning of two nos. modified once through Air handling units for 
active zone of K130 cyclotron. 
Air-conditioning Section has installed two nos. modified Air handling units for providing the air-
conditioning to the active area of K-130 cyclotron. These Air handling units have 130TR (20,000 
CFM) capacity. These AHUs are providing uninterrupted 24x7 services in the area vault, pit & cave of 
K-130 cyclotron. These Air handling units have motorized ultra-low leakage damper for smooth, 
better operation and minimized the leakage. AHUs motors are VFD compatible and energy efficient. 
These entire machines are successfully installed and commissioned in 2021-22. 

  

 
 
Installation and commissioning of two nos. motorized ultra-low leakage damper for 
Exhaust fan of K-130 cyclotron. 
Air-conditioning Section has installed two nos. modified ultra-low leakage damper for smooth & 
better operation of two nos. Exhaust fan. These ultra-low leakage (ULL) dampers are confirming to 
AMCA Class I, providing leak proof active air operation. These dampers are installed at the plenum 
room of HEPA filters at the inlet of 50,000 CFM exhaust fans and working efficiently. These damper 
with motorized actuator are successfully installed and commissioned in 2021-22. 
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Installation, commissioning and operation of 50 TR chiller for continuous magnet 
cooling of Medical cyclotron. 
Air-conditioning Section has installed one no. 50TR air-cooled scroll chiller for magnet cooling of 
Medical cyclotron at MCF Chakgaria. Chilled water is cooling the magnet in the secondary circuit of 
LCW. This chiller is being operated as per requirement of Medical Cyclotron. 
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2.2 Medical Cyclotron 

DESIGN AND DEVELOPMENT OF VOLUME TYPE MULTICUSP H- 
ION SOURCE AT VECC FOR 18MeV MEDICAL CYCLOTRON 

ariable Energy Cyclotron Centre (VECC) is executing a project to design and develop an 18 MeV 
proton cyclotron and associated technologies for the production of a variety of medically useful 

radioisotopes, like 18F, 68Ga, 124I, 64Cu, 99mTc, etc. The cyclotron will be capable of accelerating H- ions 
up to 18 MeV energy with beam current of about 50 micro-amperes.  

As part of the medical cyclotron research and development effort, a test stand for ion source has been 
set up at VECC to study the volume type multicusp ion source for the production of H- ion and axial 
injection system. A compact DC H- ion source has been designed and developed for 18MeV medical 
cyclotron. As the 18MeV cyclotron has been designed for 50µA beam, Initial target was set for 1mA 
beam from the ion source.  

Source Test Set up  
Plasma chamber Cusp and filter magnet configuration 
The plasma chamber (Figure1) is a double walled water cooled SS chamber with aluminium lining 
inside the chamber. Shrink fitting method has been adopted to create the double walled chamber. The 
water channels on the inner pipe are so formed that the plasma chamber can easily handle 4kW power. 
10 pole 20 row hallback type magnetic cusp configuration has been arranged around the plasma 
chamber. Two spiral filaments made from 1.5 mm tantalum wire wound on opposite directions 
installed on two leads of a feedthrough. The arc is created by applying a voltage up to 120V between 
hot filament and the plasma chamber. 

 
Figure 1: (a) Double walled Plasma chamber during shrink fitting (b) and after complete assembly (c) Configuration of 

cusp magnets 

Extraction system 
The extraction system is axially symmetric three electrode structure designed for 30 keV beam. The 
first electrode which also acts as end plate of the plasma chamber called plasma electrode pulls the 
beam from plasma. It is kept at +3.8-4.5 V with respect to the plasma chamber body. The H- is 
extracted through 13 mm diameter hole on the plasma electrode by applying +2.8kV to +4 kV 
potential on the extraction electrode.  The gap between plasma and extraction electrode is 2.8 mm. The 
plasma and extractor electrodes are water cooled. The dimensions and gaps of the extraction system 
were calculated using CST particle studio code (Figure 2) 
The final energy increase of around 26 keV -27keV is gained between second and third electrode 
which is kept at ground. 

(a) (b) (c)

V 
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Figure 2: Simulated particle tracking throughout the extraction system. 

Electrical Connections 
The entire ion-source is isolated from the beam line and is floated up to 30 kV. All necessary power 
supplies for the ion source test stand, e.g., the filament power supply, the arc power supply, the plasma 
electrode power supply, puller power supply, bias power supply, einzel lens power supply and steering 
magnets power supplies have been designed. Some of them have been made in house and some high 
voltage power supplies were available in lab. The high voltage power supply for bias needed for high 
current rating but only 6mA rating at 50kV was available. Fabrication of a higher current rating power 
supply at high voltage is in process.  

Other beamline components 
The beamline for transporting the beam after acceleration consists of different components (Figure 3) 
like steering magnet, einzel lens, beam diagnostics. After the vacuum chamber one steering magnet 
and one Einzel lens is used for focusing the beam up to beam dump. One beam viewer has been used 
to view the beam on potassium bromide screen. The beam viewer is also first time developed at VECC 
for viewing beam at low energy. 

 
Figure 3: (a) Beam Viewer (b) Einzel Lens 

Trial Run results 
During the first trial run in the test bench of the ion source H- beam extracted was viewed using a 
beam viewer and measured using a beam dump at the end of the beamline. Around 170 micro amps 
beam current was measured in the beam dump. The beam was sufficiently centered and bright. After 
little optimization of the plasma electrode shape, puller electrode position and increasing pumping 
speed 1.02 mA beam current (Figure 4) was observed in the beam dump. The arc current at that time 
was 6 Amps. During last two-three trial operations we observed that we need to increase the power 
rating of the bias power supply as it has only 6 mA capacity and it saturates easily when arc current 
increases. We also need to optimize the position of the filter magnets more to have sharp dipole field 
and to have almost zero magnetic field near the extraction. 

(a) (b)
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Figure 4: Control window for controlling power supplies and monitoring beam current and beam viewing 
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DESIGN AND CHARACTERIZATION OF LEAKAGE CURRENT 
COMPENSATION CIRCUIT FOR SEMICONDUCTOR DETECTORS 

Manish Kumar Jha, Piyush Bahre, Tanushyam Bhattacharjee, Susanta Kumar Pal 

he noise optimization of CMOS-based front-end electronics for semiconductor based detector 
readout consists of current and voltage noise minimization in the design of Charge sensitive pre-

Amplifier (CSA). However, the leakage current which is in the order of tens of nA contributes 
significant amount of noise which is detrimental in case of low noise application for example the 
detector with PIN diode type configuration. The CSA with a capacitor and a resistor in feedback type 
of architecture would not block detector leakage current, coming from thermally generated electron-
hole pairs within the depletion region.  The fluctuations of the leakage current are the source of noise 
and higher leakage current can even cause saturation of CSA output. To circumvent this problem, a 
leakage current compensation circuit (LCC) has been designed using 0.18 µm CMOS SCL PDK. 
Following sections briefly describes the circuit design and achieved result using the LCC. 

Circuit Design: 
In a typical detector system, the leakage current is limited to the bandwidth of a few 100Hz and a 
circuit can be devised which will bypass signal up to 100 Hz and not produce any CSA output, as the 
detector signal is of high frequency impulse that will pass easily through CSA and produce output. 

Figure 1, shows the equivalent circuit diagram of the preamplifier where LCC has been replaced by 
equivalent resistance and inductance. 

 
Figure 1: Equivalent circuit of Charge sensitive preamplifier 

with leakage current compensation 

 
Figure 2: CMOS based leakage current compensation circuit

For stability and leakage compensation, feedback inductance  must be very large. The active 
implementation, as shown in Figure 2, is capable of achieving inductance value of the order of 100 
henrys.    

Figure 2, shows leakage current compensation circuit. The LCC is connected with CSA in feedback 
network which also discharges the feedback capacitor  through equivalent feedback resistance 

 and provides DC-operating point for the core amplifier. 

Results: 
Figure 3, shows the output of CSA without applying any leakage current compensation circuit. Here, 
CSA is given an input current pulse (in both positive and negative direction) at regular interval of time 
along with low frequency sinusoidal current pulse mimicking the leakage current. 

T
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Figure 3: CSA output without leakage current compensation circuit 

Figure 4, shows output for the same input and CSA circuit but with leakage current compensation 
applied. 

 
Figure 4: CSA output with leakage current compensation circuit 

 

INDIGENOUS DEVELOPMENT OF NEUTRON FLUX MONITOR 
(NFM) AS AREA RADIATION MONITOR 

Piyush Bahre, Manish Kumar Jha, Tanushyam Bhattacharjee, Susanta Kumar Pal 

eutron Flux Monitor (NFM) is an indispensable tool for nuclear science and its fraternity.VECC 
uses plenty of NFM for area radiation monitoring and safety in and around its cyclotron 

installations. The available commercial monitors being used presently uses BF3 proportional counter 
and the electronics are vulnerable to power surges and often fails to detect low charge yield in order of 
femto-coulomb. With this motivation, an indigenous NFM system has been designed. 

The NFM consists of a BF3 detector, a Charge-Sensitive Pulse Converter (CSPC) module and a 
Digital Controller Module (DCM). The BF3 gas detector was biased using a High Voltage (HV) 
power supply to work in pulse mode operation. The CSPC was designed using VECC003, a charge-
sensitive preamplifier and shaper ASIC, developed indigenously at VECC using SCL Chandigarh 180 
nm CMOS technology. The DCM is powered by a PSoC 5LP board. It is used for counting, display 
control, alarms, remote communication through Ethernet, safety relays etc. It also drives the 3.2 inch 
touchscreen LCD display. The NFM was equipped with status LEDs and buzzer for HV-fail and 
abnormal conditions. 

N 
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Figure 1: 28 Pin DIP VECC003 ASIC 
 

Figure 2: The CSPC Module 

 
Figure 3: The Complete NFM System Developed by VECC 

 
 
 

Figure 4: The DCM Board 

 
Experimental results showed that the NFM could go up to 25 kHz count rate effortlessly. The monitor 
has been successfully tested in laboratory environment with a 30 mCi Am-Be source. It has also 
passed the long term stability test and has been successfully deployed in its work environment. 

 

DEVELOPMENT OF MCSA-16 ELECTRONIC MODULE USING 
VECC001 ASIC FOR NUCLEAR PHYSICS EXPERIMENTS 

Manish Kumar Jha, Piyush Bahre, Tanushyam Bhattacharjee, Susanta Kumar Pal 

he readout of the silicon strip detectors (SSSD and DSSD) of the forward part of Charge Particle 
Detector Arrays (CPDA) at VECC are presently using 16 channel imported preamplifier modules 

(MPR-16) and shaping amplifier cum constant fraction discriminator modules (MSCF-16) from M/s 
Mesytec GMBH & Co. KG. 

Low-noise and low-power Multichannel (16) Charge Sensitive pre-Amplifier (MCSA-16) electronic 
modules have been developed using indigenously designed ASIC (VECC-001) to cater to the 
requirements of replacing MPR-16 imported module. MCSA-16 has been made compatible to work 
with the existing experimental setup at VECC. It accepts 16-channel single ended charge input 
through DB-25 female connector, and gives differential output at 34 pin interlock connector. The 
output signal from MCSA-16 can be connected to existing MSCF-16 using 34-pin flat cable. 

MCSA-16 has been designed to operate with high detector capacitance of CPDA detectors while 
maintaining the required rise-time. Detector can be biased with HV lemo connector. Ground screws 
have been provided on both front and rear end. Pulser input has been provided through which the 

T
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modules have been tested by giving step voltage signal generated by pulser. In-beam testing is 
awaiting the availability of beam. 

Features: 
 16 channel MCSA module (developed using CPDA ASIC) 

 100 MeV dynamic range for DSSD/SSSD detectors 

 Both holes and electrons measurement   

 Sensitivity: 20 or 40 mV/MeV  

 100 Ω output impedance 

 50 ns Rise Time with 350pF detector capacitance  

 25 keV FWHM 

 
Figure 1: MCSA-16 Front side Figure 2:MCSA-16 Back side Figure 3: CPDA ASIC 

 

DESIGN AND DEVELOPMENT OF MULTI-CHANNEL SHAPER AND 
DISCRIMINATOR ASIC 

Piyush Bahre, Manish Kumar Jha, Tanushyam Bhattacharjee, Susanta Kumar Pal 

n order to replace the imported MSCF-16 module being used in Charged Particle Detector Array 
readout, the design of a multi-channel Shaper and Discriminator ASIC has been completed. This 

ASIC will work in conjunction with VECC001 which is a 16 channel CSA ASIC developed for CPDA 
and will be the next big step towards a fully indigenous readout system of CPDA. 

 
Figure 1: Block Diagram of Shaper and Discriminator 

The Shaper and Discriminator ASIC has an energy and a timing chain as shown in Figure 1. The 
energy chain consists of a fifth-order semi-Gaussian slow shaper with the option of peaking time of 
either 0.5 µs or 1 µs.  The timing chain of this ASIC is composed of a Fast Shaper, a Constant-
Fraction (CF) Shaping Circuit, a Multi-stage Differential Amplifier, a Leading Edge Discriminator 
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(LED) and a Trigger Pulse Generator. This circuit has bipolar mode of operation as per the input from 
the CSA.  The bias circuits inside the chip provide stable operating points for 3.3 and 1.8 V circuits. 

The schematic and layout of the design are shown in the figures below. 

Figure 2: Schematic of fast shaper Operational 
Transconductance Amplifier (OTA) 

 
Figure 3: Layout of fast shaper Operational 

Transconductance Amplifier (OTA) 

 

 
Figure 4: Schematic of Leading Edge Discriminator (LED) 

 

 
Figure 5: Layout of Leading Edge Discriminator (LED) 

 

 
Figure 6: Schematic of multistage amplifier 

 
The post-layout simulations for the timing chain are compared and shown in the figure below. For a 
dynamic range of 1:100, the maximum amplitude walk is within the range of the desired application. 
As evident from the simulation, the results have not been affected much by the layout parasitics. 
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Figure 7: Layout of multistage amplifier Figure 8: Amplitude Walk of final CFD for CPDA 

 

DEVELOPMENT OF OPEN-SOURCE BASED EMAIL AND 
DIRECTORY SERVICE FACILITY 

Biswajit Sarkar, Tapas Samanta, Sarbajit Pal 

he development of an email facility based on Zimbra Collaboration Suite (Open Source Edition) 
that was initiated earlier has continued. The email server is configured so as to be able to 

authenticate users by referring to an external LDAP server. Around 500 user accounts were auto-
provisioned. Different features of the Zimbra Class-of-Service and Zimlets were configured to get the 
desired functionality. Distribution lists were created and enabled so that authorized users could send 
emails in bulk to a select group of users. Features of data replication and high-availability (HA) has 
also been incorporated into the system. The component that is used to manage replication of data at the 
block device level is Distributed Replicated Block Device (DRBD). DRBD replicates data on the 
primary device to the secondary device in a way that ensures that both copies of the data remain 
identical. Applications are unaware of the fact that their data is stored on different disks. To implement 
a HA cluster, Corosync (an open source program that provides cluster membership and messaging 
capabilities, often referred to as the messaging layer, to client servers) is used in conjunction with 
Pacemaker (an open source cluster resource manager, that coordinates resources and services that are 
managed and made highly available by a cluster.) The Zimbra HA cluster is configured in 
primary/secondary mode, where initially the primary node provides the desired email-related services. 
On failure of the primary node, the services are started on the secondary node. Any changes to the 
email and configuration data on the primary is synced with the secondary by DRBD. The migration of 
the services from the primary node to the secondary node and vice-versa remain totally transparent to 
the user. 

The development of an OpenLDAP-based directory service for the IT users of VECC using a 
customized schema that was initiated earlier has continued. Various overlays have been incorporated 
to enhance the features of the directory service like accesslog overlay (to keep track of all or selected 
operations on a particular Directory Information Tree (DIT)), auditlog overlay (to keep track of who 
modified what data item and at what times?), Ppolicy overlay (to check if the password set by the user 
meets the required standard). For protecting directory information (and client information) as it is 
passed between a client and the directory server from being intercepted by malicious entities, the 
transmitted data is encrypted by the StartTLS method. In a StartTLS-supporting server, on receipt of a 
request from the client, the server begins the Transport Layer Security (TLS) encryption process. 
Assuming the TLS negotiation is successful, the client and server will then continue their transactions 
using encrypted traffic. 
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To achieve fail-over protection, a mechanism for LDAP replication has been implemented to have 
multiple identical copies of the directory server. One server (referred to as the provider) is responsible 
for maintaining the canonical version of the directory, while one or more consumer servers hold a 
replica of the provider. Clients connect to the consumer server and perform searches on the DIT) but 
modification to the records in the replicated directory information tree is not permitted. When 
modifications are required, the consumer returns a referral to the client, directing it to contact the 
provider server instead to make the necessary changes to the DIT there. The modifications are then 
communicated to the consumer DITs to keep all the directories in sync. 

A portal has been developed to facilitate the users of the OpenLDAP-based directory to modify their 
password and other permitted attributes. The portal is developed using the Flask web-framework. The 
ldap3 client library, which is fully compliant with LDAP v3, has been used to communicate with the 
openLDAP server. 

 

ACTIVITIES OF HIGH PERFORMANCE COMPUTING AND IT 
SERVICES SECTION 

Dibyendu Koley, Subash Chandra Jena, Monirul Purkait, Kaushik Datta, Biswajit Sarkar, 
Tapas Samanta, Sarbajit Pal 

he High Performance Computing and IT Services Section of this Centre is engaged in providing 
high-performance computing and IT services to the scientific, technical, administrative personnel 

as well as to the students and scholars of this Centre. The routine activities of the Section include 
regular operation and management of all important IT services such as Web, DNS, E-mail, Proxy, 
DHPC, Backup, Private Cloud, Service Requisition Portal, File server, End-point security, Event 
management portal, APAR, IPR, Koha and RFID-based Integrated library management system and 
video conferencing. The operation, maintenance, system administration and user support for the high-
performance computing cluster named “Himalaya”, having a theoretical peak performance of 92 
TFLOPS cluster, is also provided by the Section. 

In addition to the service-oriented activities overviewed above, the Section is also involved in software 
development of various kinds. The developments are mostly centred around different open source 
software. In the following, we briefly report on some of these developments categorized under 
different heads. 

 Network Traffic Analysis and Visualization: A Network Intrusion Detection System (NIDS) based 
on open-source software, SNORT, has been configured and deployed outside VECC perimeter to 
inspect entire incoming and outgoing network traffic of VECC and generate alerts on detection of 
any malicious intrusion on the basis of defined rule sets. Alert logs from the NIDS are analysed 
with ELK-based (Elasticsearch-Logtash-Kibana) log analyser and salient information such as Top 
Attack Name, Top Attack Source IP list, Top Target IP list etc. within specified time duration are 
graphically displayed in a dashboard for better understanding of intrusion attempts in VECC 
network. Another system to monitor and analyse overall network traffic of VECC has also been 
implemented using open-source software tools ntopng which is a high-performance web-based 
network traffic flow collector and analyser tool which analyses the captured packets by inspecting 
packet header and payload information using deep packet inspection technique (nDPI). These two 
systems have enhanced the visibility of entire inbound and outbound network traffic of VECC, 
increased the capability of security risk evaluation and subsequently facilitated risk treatment in 
VECC IT infrastructure. 
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 Log Analysis, Visualization and Alert Generation: ELK-based centralised log management system 
which is being used to store and analyse the logs from various IT services of VECC has been 
augmented with alert generation mechanism using “ElastAlert” framework. This module 
periodically queries the Elasticsearch database and determine the match for certain criteria like 
frequency of events, spike of events etc. When a match occurs, it sends alert notification through 
e-mail and saves the event in a different index of Elasticsearch which is then utilised for visual 
representation of anomalies or any unusual pattern in the logged information. 

 Web-based Video Conferencing Facility: A new web-based video conferencing facility has been 
developed by integrating three open source software – Riot, Synapse and Jitsi. User login of this 
system is managed by Matrix server and it is configured to use the existing LDAP directory. The 
advantage of this system is that after logging into this system a user can see all the users who are 
concurrently online. A user can select one or more logged-in user and make instant video call or 
IP call. For one-to-one calling, ringing alert at the receiver end is generated. Using this system, 
users can also send instant messages. This is an on premise solution. The data is secure and end-
to-end encrypted.  

 Meeting Room Booking Portal: A few rooms at VECC premises are equipped with the facilities to 
hold web meetings, webinars and video conferences. To streamline the arrangement of concurrent 
meetings at different rooms by different users, a meeting room booking portal has been 
implemented. By using the portal, users can make advance reservation of a meeting room of their 
choice for a given time slot. Once, the user makes a reservation, the room administrator is 
informed of it by an automated email. Users can easily find out the booking status of the meeting 
rooms on a particular day by looking at the room-reservation matrix for the particular day. 

 Email and Directory Service Facility: Zimbra Collaboration Suite (Open Source Edition)-based 
email facility and OpenLDAP-based directory system has also been developed. Further details 
about these developments is reported separately in this Progress Report. 

 

DEVELOPMENT OF MySQL BASED RTC OPERATION DATABASE  

Anindya Roy, Shantonu Sahoo, Niraj Chaddha, Siddharth Pratihast, Sarbajit Pal 

n EPICS based application is developed for saving the operational setting of RTC in MySQL 
based database. The architecture of the application is shown in Figure 1(a). The application is 

comprised of three layers. The top layer consists of EPICS Channel Access client interface for 
communicating with other IOCs for acquiring as well as setting operational data. It also provides a 
platform independent web interface to the application. The middle layer contains a memory resident 
database of the operational data. The lowest layer consists of a device driver to interface the MySQL 
database.  

The application is designed to acquire and save the operational setting of into the database 
automatically on “BEAM ON TARGET” or “BOT” status message from the operator. While writing 
the operational setting into database, a search criteria comprising of user name, element, charge state 
and energy is used for avoiding duplicate entry. In case of duplicate entry, the database is updated with 
new setting. This is adopted to keep the latest setting in the database which will make the operational 
database compact. The user name criterion is used to store the user specific optimized beam optics. 

In built web server of the application provides platform independent web based operational interface. 
The web interface provides searching of cyclotron operational database for machine setting using 
either of the criteria such as user name, ion species, charge state, ion beam energy and beam transport 
channel. The search criterion is decided based on operational experience of the operators. The web 
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interface is comprised of three web pages such as main page, apply a setting and edit a setting. The 
web page for retrieved data is shown in Figure 1(b). The application is designed to apply the 
operational setting through the web interface. 

 
Figure 1: (a) Application architecture; (b) Web page for apply retrieved data 

The application is in use from January, 2020. A large number of machine settings are stored in the 
database. The distribution of the operational settings available to the cyclotron operators is shown in 
Table 1. 

Table 1: Cyclotron setting distribution 

Ion species Number of settings Energy range (MeV) 

Proton (H+) 25 7 - 14 

Alpha (He2+) 84 26 - 52 

Heavy ions 6 218 

 

DESIGN AND DEVELOPMENT OF SEMI-AUTOMATED 
FRAMEWORK TO RECOGNIZE DIFFERENT HANDSHAPES FROM 
INDIAN SIGN LANGUAGE VIDEOS AND TRANSLATE THEM INTO 

HAMNOSYS SEQUENCE. 

Pranab Singha Roy, Sudipta Ganguly1, Rupayan Ghosh1, Tapas Samanta, Sarbajit Pal 

1Sikkim Manipal Institute of Technology 

he HamNoSys[1] notation is a new approach of transcription of signs in the field of 'Sign 
Language Automation', to facilitate better communication between the speech and hearing 

impaired people. The primary objective is to recognize handshapes from videos of Indian Sign 
Language Research and Training Center (ISLRTC) and convert them into HamNoSys Sequences. 

We have built a corpus of 104 Handshapes from Figure 1 for Indian Sign Language using HamNoSys 
notation. Our dataset consists of 10600 hand shapes belonging to 104 Handshapes. We have used 
MediaPipe Hands[2] developed by Google Research to predict 21 3D hand-knuckle coordinates for 
each augmented image from the dataset. Images are then checked for presence of hand key points 
(hand-knuckle coordinates) and then these key points are stored in a csv file with its required labels. 
This workflow is shown in Figure 2. 

(a) (b)
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Figure 1: HamNoSys 4 handshape chart 

 

 
Figure 2: Block diagram of creation, augmentation, training and testing of model. 

We have proposed a new Deep 1D CNN which when trained using the data from this hand key points 
csv file, will automatically extract the required features for classifying the handshapes correspond to 
individual HamNoSys handshape notation. Here the total parameters are more than 14 Lacs, which 
makes the model heavy. 

To overcome that heavy model we propose a new novel neural network architecture which is a 
combination of multi-input 21 densely connected sub neural networks. Here we are manually feeding 
the relations of 21, 3D hand-knuckle coordinates to each of the 21 densely connected sub neural 
networks so that each of the sub neural networks can determine the spatial correlation between nearest 
hand-knuckle coordinates during the training. This model is much lighter than 1D CNN because it 
contains near 1.6 Lacs total parameters. 

Results: 
The above two models provide accuracy of more than 97% on the test set after keeping data separated 
for training and validation set. The results of near real-time prediction of HamNoSys symbols from a 
simple monocular camera is shown in Figure 3. 

 
Figure 3: Some of the output images 
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References: 
[1] Hanke, T. (2004), “HamNoSys - representing sign language data in language resources and 

language processing contexts.” In: Streiter, Oliver, Vettori, Chiara (eds): LREC 2004, 
Workshop proceedings : Representation and processing of sign languages. Paris : ELRA, 
2004, - pp. 1-6.    

[2] MediaPipe Hands: https://google.github.io/mediapipe/solutions/hands.html 

 

IMPLEMENTATION OF FPGA BASED TRAPEZOIDAL DIGITAL 
SHAPING AND ALPHA ENERGY SPECTROSCOPY 

Ram Kumar Paul, Ayan Banerjee, Partha Dhara, Tapas Samanta 

 

his research work presents the implementation of trapezoidal digital pulse processing algorithm 
for nuclear energy spectroscopy application. In this work Kintex 7 FPGA based Xilinx KC705 

evaluation module is used for algorithmic implementation and 14 bit 125 MS/s, ADC daughter card 
FMC 116 is used for digitization of preamplifier pulses. High count rate and real time alpha energy 
spectroscopy experiments have been carried out for random nuclear pulses and Si-surface barrier 
detector Emulator pulses for different rates with CAEN make DT5800D emulator. The energy spectra 
have been analysed with in-house developed VECC DAQ. 

Design and Results: 
The each digitized input first processed through Trapezoidal filter for improvement of pile up 
rejection then passed through automatic trigger less peak detection process. The peak values then 
store in 64k local FIFO memory in FPGA. The values are then read from PC through ethernet.  

The alpha energy spectroscopy has been carried out with Si detector emulator pulses. The 
corresponding energy per channel of the Digital DAQ has been calculated from linear plot of the 
energy vs counts plot. The deviation of equivalent energy from linear fit values has been calculated 
and it is within 0.3% of the actual values. The spectrum output is shown in Figure 1. 

 
Figure 1: 229 Th Alpha spectrum of Silicon detector 
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UPGRADATION OF NETWORK ACCESS CONTROL SYSTEM 

Subhasish Pahari, Kashinath Manna, Girijesh Kumar, Ram Kumar Pal,  
Partha Dhara, Tapas Samanta 

he network access control (NAC) system of VECC is used to restrict the unauthorized network 
access of VECC LAN. The system is based on open-source PacketFence software. A new 

PacketFence server with current version of the software has been configured to extend the service to 
C&I building, stores, RIB building etc. All the rest of the building will be upgraded in phased manner. 
The new system offers support for new generation network switches with Radius authentication. It has 
also been configured to isolate devices running obsolete OS. The user can self-register the devices 
using the email credential. Unregistered nodes are assigned to isolation VLAN. The dashboard for 
monitoring the total registered nodes is shown in Figure 1. The list of registered MAC addresses is 
found in the MAC database as shown in Figure 2. The radius logs about current status are shown in 
Figure 3. 

 
Figure 1: Dashboard for total number of registered nodes 

 

 
Figure 2: Registered MAC databases 

 

 
Figure 3: Radius logs 
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RESPONSE OF LARGE SIZE TRIPLE GEM DETECTORS 
DEVELOPED AT VECC TO VARYING INTENSITY IN mCBM 

EXPERIMENT 

A. Agarwal, A. K. Dubey, C. Ghosh, A. Kumar, E. Nandy, G. Sikder1, J. Saini, V. Singhal,  
V. Negi, S. Chatterjee2, S. K. Prasad2 and S. Chattopadhyay 

 1 Calcutta University, Kolkata, 2Bose Institute, Kolkata 

he CBM (Compressed baryonic matter) experiment is a major experiment at the upcoming FAIR 
(Facility of Anti-Proton and Ion Research) facility at Darmstadt, Germany. The aim of this 

experiment is to explore regions of the phase space diagram of strongly interacting matter where 
baryochemical potential is non zero. The experiment will be carried at an unprecedented collision rate 
of 10 MHz. This poses a major technical challenge of building detectors capable of handling high 
particle rates. The detector is designed to measure dimuonic signals in the heavy ion collisions at 
CBM, therefore it is also called MuCh (Muon chambers). Two of the large area modules of MuCh 
were tested in a precursor to actual CBM experiment called the mCBM (mini CBM) experiment. The 
data was acquired using STS/MuCh xyter, v2.1, in a self-triggered mode, for the data acquired in in 
mCBM 2020 campaign 

The detectors, were subjected to intense particle flux from Pb beam colliding with p=1.06 AGeV on a 
0.25 mm fixed Au target at varying intensities. The beam was incident in form of spills ~ 9 s long. Fig. 
1 shows the spill structure as a function of time. Appropriate noise cleanup has been performed. The 
detectors were tested under various conditions like operating voltages (mainly 4500 V and 4600 V), 
coverages etc. 

Figure 1: (Left) Spill structure from a high intensity run. (Right) Distribution of ndigis per Time Slice (TS). 

The data was acquired in units of Time-slices(TS), each of ~12.8 ms. Fig 1(right) shows a distribution 
of number of digis per timeslice for GEM1 and GEM2. The average number of digis is obtained from 
the peak value after fitting this plot with a Gaussian distribution. This exercise has been performed at 
different intensities under identical conditions to investigate the detector response. It is observed from 
Fig. 2 that the detector response for both GEM1 and GEM2 is fairly linear and no saturation effects 
were observed in the range of intensity studied. Futher study is under progress. 

 
Figure 2: Variation of ndigis/TS for GEM1 (left) and GEM2(Right) with beam intensity. 
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CRI BASED mMUCH DAQ SETUP AND ONLINE MONITORING 

V. Singhal, J, Saini, C. Ghosh, V. S. Negi, A, K. Dubey, Z. Ahammed,  
P. A. Loizeau1, C. Sturm1, I. Deppner2, D. Emschermann1 and S. Chattopadhyay 

1GSI, Darmstadt, Germany, 
 2Physikalisches Institute, Ruprecht-Karls-Universitat Heidelberg, Germany 

or last few years, Common Readout Interface (CRI) development work has been going on. After 
April 2020, mMUCH was uninstalled for debugging of link loss and other issues. During 

November 2021, mMUCH was re-installed on the beam table in mCBM cave. The readout chain of 
mMUCH was updated to CRI based DAQ as compared to AFCK in earlier mMUCH setups. Fig. 1 
shows the present mMUCH setup connection to CRI Based readout chain in mCBM. 

 
Figure 1: CRI based mMUCH DAQ Setup at mCBM. 

Two real sized GEM detectors and one real sized RPC detector were installed in the cave. mMUCH 
detector front end boards (FEBs) were readout via Common Readout Boards (CROB). CRI card is 
mounted on PCIe GEN3 16x data bus on motherboard of the DAQ server. Number of CRI connected 
in a particular DAQ server depends on available PCIe slots. In mMUCH setup two CRIs were used 
which were installed in en05 entry node placed in the mCBM counting room. 

Figure 2: Pictures of online monitoring, (a) GEM1 and (b) GEM2 sector channel map during DAQ running in publisher 
mode. (c) Picture of online monitoring canvas for FEB by FEB electronics channel plots. Maximum of 54 FEBs can be 

connected under 6 CROBs. Blank space shows that particular FEB is not connected. 
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For performing quality assurance or online monitoring of the raw data, monitoring scheme and 
parameter files have been updated to accommodate CRI based readout configuration. Relevant classes 
and macros have been updated for online monitoring. To summarize, a CRI based mMUCH DAQ 
setup has been enabled and all the relevant python codes for DAQ configuration and CbmRoot Online 
Monitoring classes have been adopted. The same has been used for March 2022 data taking with 
mCBM and one of the main goals of the beamtime, which is commissioning of CRI based DAQ for 
mMUCH, has been achieved. Online pictures shown in fig. 2 shows different canvases for mMUCH 
(for 2 GEMs and one RPC detector) during data acquisition running in the publisher mode. 

 

MUON CHAMBER EFFICIENCY CALCULATION FROM MINI-CBM 
(mCBM) DATA 2020 

Ekata Nandy, Apar Agarwal, Vikas Singhal, Gitesh Sikdar, Chandrasekhar Ghosh, Anand K. 
Dubey, Jogender Saini, Vinod Negi & Subhasis Chattopadhyay  

1 University of Calcutta, Kolkata, India 

e have analyzed the data collected during March-May 2020 in the mCBM experiment at SIS18 
in GSI, Germany. Data were analyzed for different beam intensity, different target thicknesses 

and different GEM HV configurations. We have studied our detector performance at low as well at 
high intensity. A time based event reconstruction technique has been applied for proper event building 
from the raw data. From mCBM data, taking advantage of mTOF tracking, we have estimated the 
efficiency of a GEM chamber taking mTOF tracks as a reference. After correcting misalignment 
among the detectors we have calculated GEM efficiency within the common acceptance between 
mTOF and GEM detectors. Efficiency definition is as follows: 

	
. 	 	 	 	 	 	 	 	 	

. 	 	 	 	 	 	
 

We have checked the stability of GEM efficiency with time as shown in Fig.1(a) .GEM Efficiency 
variation with mTOF-beta has been studied and shown in Fig.1 (b) It is seen that the efficiency 
increases with lower beta as the energy deposition of the traversing track increases. This explains that 
our detector is working efficiently. 

 
Figure 1: (a) GEM efficiency with time (b) GEM Efficiency variation with TOF-beta (c) GEM efficiency with GEM HVs 

GEM efficiency with GEM HVs has been studied and we have seen the increase in efficiency with 
GEM HV which is expected as shown in Fig.1 (c). 

 

 
 
 
 

(a) (b) (c)
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KOLKATA TIER2 AT VECC 

V. Singhal on behalf of EHEPA Group 

he Kolkata Tier2 at GRID Computing Facility, VECC has been providing uninterrupted 
computing and storage resources towards the WLCG. Throughout the reporting year, the centre 

continued supporting the scientists and researchers to process the voluminous data obtained from the 
ALICE experiments. Kolkata Tier2 continued running almost 24X7 with average 90% availability and 
reliability. During this year, Kolkata Tier2 had been went through a major up-gradation in front of the 
middleware software stack. The centre migrated to open source HT-Condor based high throughput 
scheduler from the legacy open source Portable Batch System (PBS) scheduler. Figure-1 shows the 
consistent running of Kolkata Tier-2 with successfully completing of total 2.2M ALICE jobs during 
the period, though, facility has been facing cooling issues therefore running in degraded mode which 
constantly affecting the site utilization. Other than computing the jobs, this year disk based namespace 
i.e. Quark-DB along with Master-Slave switching has been configured using three servers and 
migrated from memory-based namespace. For health parameters monitoring of servers, Grafana-
Prometheus based monitoring tools are under development. Grafana FQDN is gcloud.tier2-
kol.res.in:3000, however, these are accessible from GRID LAN only. Due to increase of WAN 
network requirement from regional WLCG India, the international network links (Mumbai back and 
forth Amsterdam and Amsterdam back and forth Geneva) have been increased to 16 Gbps from 10 
Gbps by NKN, India.  The LHC at CERN is getting ready to provide physics collisions by June 2022. 

 
Figure 1: ALICE Monitoring page shows successfully completed jobs during the year at Kolkata Tier-2. 

 

SPIKE PROTECTION IN mini-MUCH DETECTOR SYSTEM 

J. Saini, A. K. Dubey, C. Ghosh, S. Chattopadhyay 

EM detector is installed in mCBM cave as a part of mini-MUCH detector system. In 2020 April 
beam-time, it was observed there with high voltage of GEM detector, some spikes are generated 

within the detector system and creating e-link losses in the MUCH/STS-XYTER electronics. The 
other symptoms which were observed in the data collected with the setup were, timing offsets during 
the run and unstable DAQ in start of a new run. The basic schematic of the setup used during this 
period was as shown in figure.1. 

T
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Figure 1: Schematic of the AFCK based setup in mCBM 

In “mCBM cave” it was observed that CROB to FEB-C board connection(Fig.1) which are known as 
e-links were getting disconnected with the spikes in the detector and CROB to FEB-C board 
communication was no more possible. However, the data generated at the FEB boards is still 
continued to be received at CROB. The data now received after these link breaks have timing offsets. 
This was further investigated in detail at VECC with bare PCBs. It was observed that the spikes are 
generated in the HV segmentation introduced for GEM segment isolation. 

 
Figure 2: Optocoupler HV segmentation 

 
Figure 3: Optocoupler HVsegmentation after modification 

In figure.2 it can be seen that earlier after the resistive chain, the HV was directly fed to opto-couplers. 
Due to this a small spike in any segment is seen by all the segments of the GEM foil and the spike gets 
amplified which in turn was generating e-link loss. This issue was resolved in the later design and now 
1M resistance which was used only in the output line is now divided in 560K and 470K and thus 
isolating each optocoupler from one another. After this modifications, the GEM detector was tested in 
high rate environment in Gif++ experiment in CERN. There it was found that no more link losses were 
observed. These detectors were then installed in mCBM cave and tested at high rate Uranium beam in 
March, 2022. The preliminary results show that after applying the fix, detectors are much more stable 
as compared to April, 2020 beam time. Further investigation is ongoing. 

 

MuCh UNPACKER AND CONVERTING RAW DATA INTO 
CbmMuchDigi 

V. Singhal, P. A. Loizeau1, V. Friese1 and S. Chattopadhyay 

1GSI, Darmstadt, Germany 

 unified unpacking scheme has been developed for MuCh by separation between the framework 
bound part and the pure algorithmic part. It provides stronger integration of the different 

subsystem's unpackers. Three new classes have been added i.e CbmMuchUnpackAlgo, 
CbmMuchUnpackConfig and CbmMuchUnpackMonitor under the CbmRoot. The unpacker provides 
unified unpacking with respect to mCBM and CBM. It uses the standard output digi container, 
CbmMuchDigi vector, to store digi information. The same digi container is used for simulation then 
reconstruction and also will be used for the final CBM. CbmMuchDigi object contain only 3 basic 
information: a) time-stamp of the digi, b) unique address of the digi following CbmMuchAddress 
scheme, and c) charge of the digi. Time-stamp of the digi is the relative time to the start time of the 
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particular TimeSlice, instead of the absolute UNIX time as in the previous unpacker. The 
CbmMuchBeamTimeDigi vector branch, used earlier, contained many data acquisition chain related 
raw information in the raw digi makes it 5 times heavier than CbmMuchDigi in terms of memory. 
Now spatial position information, from Common Readout Interface (CRI) based data acquisition 
readout chain [1] and hit message of Sts-MuCh-Xyter (SMX) chip, is extracted and is packed in a 
unique 32-bit integer value following CbmMuchAddress scheme. In the mMUCH setup, one layer of 
RPC detector has also been installed at mCBM therefore RPC information has  been incorporated in 
the MuCh parameter file and corresponding param class is modified. 

 
Figure 1: Generated online time-correlation plots between different subsystems in the mCBM setup. Top right plot 

shows the time-correlation of the mMuCh detectors (both GEM and RPC combined) using this new unpacker. 

To summarize, a unified MuCh unpacker has been developed and is used for recent data taking with 
mCBM during March 2022. One of the main goals, a lighter structure which is easier to handle and 
adjust towards parallel processing/multi-threading, has been achieved by unpacking data in a common 
process, in particular for MuCh using the standard output digi vector CbmMuchDigi, and also the digi 
vector is stored in root file. Using this unpacker algorithm, an MQ device has been developed which is 
compatible for online usage and first attempt has been made for performing time correlation between 
different subsystems via MQ based online event building. Fig. 1 is an online plot during data taking 
where an event builder device is running directly on the raw data stream using unified unpackers of 
different subsystems.  

References: 
[1] V. Singhal et al., CRI based mMUCH DAQ setup and online monitoring, This progress report. 

 

 
 
 
 



Progress Report 2021-22 

 
85 

 
 

TEST OF 300m THICK p-TYPE SILICON DETECTOR AT VECC 

Sanjib Muhuri, Jogender Saini, Subhasis Chattopadhyay 

LICE, A Large ion collider experiment, at CERN aims to address physics of evolution of early 
universe after Big Bang. ALICE in its present configuration has excellent coverage in mid-

rapidity region with vertexing, tracking and measuring particle energy. As part of upgrade, a new 
detector called the forward calorimeter (FOCAL) will be installed in the forward rapidity to address 
gluon dominated regime of partonic matter. VECC is involved in fabricating the p-type silicon pad 
detectors for FOCAL with the help of BEL, Bengaluru. 

A single element p-type silicon detector has been fabricated at BEL and tested at VECC. The aim was 
to check the performance of the detector and feed to the foundry for next step of silicon detector array 
development. The effort to fabricate the p-type silicon detector of its type is first time in India. The 
successful R&D will lead to volume production for the real calorimeter detector layers. The single p-
type silicon pad detector has dimension 1 cm x 1 cm with active area 0.7*0.7 cm2. Shown in 
Fig.1(Left) is the photograph of the packaged detector with wire bonding for readout/biasing. The 
right panel shows the response of the detector to Sr90 beta source with MCA and oscilloscope. 

 
Figure 1: (Left): Photograph of the detector. (Right): Raw pulse from the detector 

Several tests have been perfomed like I-V characteristics of the detector, performance of the detector 
as a function of the coupling capacitance and resistance, response to the beta source and etc. 

 
Figure 2: (Left) Signal with and without Beta-source. (Right) I-V characteristics for different coupling resistance. 

Fig.2(Left) shows the signal from the p-type silicon detector with (blue) and without (red) beta source. 
It can be ssen that the signal is well picked compare to the noise floor. On the other hand the I-V 
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cahracteristics were studied for different resistences and coupling capacitances. Fig.2(Right) panel 
shows the I-V for two different resistances. The further scope for the R&D like Irradiation test could 
be taken up as the next level for the R&D to find the possible type inversion of the detectors. 

 

SIMULATION STUDIES OF MUON CHAMBER (MuCh) SYSTEM OF 
CBM EXPERIMENT 

S. Paul1, A. Kumar, A. Agarwal, A. K. Dubey 

1Department of Physical Sciences, IISER Kolkata  

he Muon Chamber of CBM has been designed to measure di-muon signals in the heavy ion 
collisions at CBM. It consists of alternating detector and absorber layers, enabling 

measurement of di-muons in a broad momentum range. In this regard, we have studied the omega 
reconstruction efficiency by implementing realistic MuCh geometry and the involved material 
both within the detector module and outside it. 

Material implementation in the MuCh geometry  
The original geometry referred to as Geo_v21a was modified. The major material budget in 
detector station comes from the detector modules (PCB, GEM foil/RPC) and the Aluminium 
Cooling Plate. Realistic components modelled in GEANT4 is as follows:  

 Steel Supports, Front-end boards & Slotted Al-cooling plate in a modular approach 
(referred to as Mod_v21k). 

 C-plate, and corrected active region of the detector modules (Mod_v21l). 

 
Figure 1: Schematic of modified layout of 1st Layer of Station-1 of MuCh 

Fig.1 shows the GEANT picture of the complete modified layout for 1st layer of Station-1. In order to 
accommodate the realistic FEB-cut-outs or slots for every detector module, a modular approach of the 
Al-plate has been considered, these are fixed to a C-plate, as shown. In addition, the starting point of 
the active region was extended by 2 cm on the inside, i.e. Rmin was shifted from 20.78 cm to 18.78 
cm. This led to a 2 cm increase in the module length, to 80.06 cm, approaching the realistic 
dimensions. Simulation studies have been carried out at several stages while implementing different 
real objects. 

Simulation & Analysis 
Particles were generated in minimum bias Au-Au collisions at 12 AGeV beam energy. The UrQMD 
event generator was used to generate background events, whereas the ω meson signals were generated 
using the PLUTO event generator. One ω decaying into μ+ μ− was embedded into each background 
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event. The particles are then transported through the detector setup using the GEANT4 transport 
engine. The charge deposited is converted to digis, which when clustered give hits. The hits are useful 
in track reconstruction, finally leading to the invariant mass distribution of di-muon sources. 

 
Figure 2: Module-wise Digirate comparison with Geo v21a: Mod v21k (L), Mod v21l (R). 

The digis (Fig.2) show a falling trend across all layers of a station, which is expected. The digi rate 
decreases by 80.1% from Station-1 to Station-2. In comparison to the default Geo_v21a, the digirate 
reduction of 0.085% in Mod_v21k could be due to absorption effects being dominant over multiple 
scattering effects, whereas a digirate increase of 7.84% in the case of Mod_v21l is a resultant of the 
increase in active area of the module. Furthermore, the magnetic field affects this distribution from 
module to module.   

Digi rates of individual FEBs is useful in the direct calculation of bandwidth corresponding to a 
particular FEB. Module-13 experiencing the maximum digi rate, would give the maximum bandwidth 
equal to 80.28 MB per FEB (calculated with Mod_v21l version). 

Keeping all other parameters constant and cuts fixed, the invariant mass distributio0n of di-muon 
sources with the two geometries, yields reconstruction efficiencies of 0.3179% and 0.4607%. With 
Mod_v21k, a larger number of background and signal muons are detected. However, the proportion of 
signal muons is lower in comparison to the background particles, due to which the S/B ratio(Fig.3) 
decreases drastically from 1.42 using Geo v21a to 1.24 in Mod v21k. The implications in the S/B 
reduction is visible in the significance too (not drastic due to a greater background). The efficiency 
rises by 2.6% could be due to greater signal detection. 

 
Figure 3: Comparison of Invariant Mass Spectra of ω meson from di-muon signals with Geo v21a: Mod_v21k(L), 

Mod_v21l (R) 

With Mod_v21l, a larger number of background and signal events will be detected due to a greater 
acceptance closer to the beam axis. S/B further decreases due to disproportional increase in 
background as compared to the signal. However, in this case, it observed that the significance 
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increases significantly from 27.7 to 32.6, as the background, B has a greater effect than the S/B ratio. 
A larger efficiency with Mod_v21l is primarily due to the larger acceptance. Preliminary observations 
also show that the C-plate leads to a greater absorbing effect. 

 

ION BACKFLOW SIMULATION IN A TRIPLE GEM DETECTOR 

A. K. Dubey, A. Bal1 

1Department of Physics, IIT, Kharagpur 

ons from the avalanche impinging back on the cathode may degrade the photo-cathode in a gaseous 
photomultiplier detector. Large amount of ion-back flow can lead to space charge effects and distort 

the electric field configurations in detectors like TPC, which limits the performance of these detectors. 
Thus simulating and understanding the ion-back flow has gained lot of importance in recent days. We 
have carried out simulations of ion backflow in a triple GEM (3-2-2-2 configuration) using the CERN 
Garfield++ toolkit. Meshing was carried out using Gmsh and field maps were obtained using 
ElmerFEM. A 70-30 mixture of Argon-Carbon Dioxide was used under STP conditions. 
 

 
Figure 1: Left: Spatial distribution of ion deposition on cathode. Middle and Right: ion -hit pattern on different layers 

of triple GEM and the cathode 

As a follow up to our earlier simulation of ion backflow and deposition in layers, we examine the 
deposition at the cathode. Ions were generated at random within a 5um circle of a single hole in the top 
GEM. Using the Garfield++ toolkit, we simulated the cases of ion transport with diffusion and 
without. The two cases are shown in Fig. 1. This allows us to isolate the spatial spread due to diffusion 
from the outward spread due to the electric field lines.  

Ion Deposition in the layers                    
We have analyzed the spatial distribution of ion deposition on each layer of the GEM foil. For mid and 
top GEMs, ions are deposited both at the time of avalanche and also due to backflow from the lower 
layer(s). The top layer shows relatively a high density region at the place where the source electrons 
were generated, and the neighborhood pattern is due to the ion back flow from the middle and bottom 
layers. The diffusion effect clearly widens the ion hit pattern for the top layer as compared to the 
middle. For the bottom GEM, the only source of ion deposition is from those produced during the 
electron avalanche in the holes of this layer. Further study is under progress. 
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DESIGN, DEVELOPMENT AND TESTS OF PCBS FOR 3rd STATION 
READOUT AT CBM-MuCH 

Shuaib Ahmad Khan, Jogender Saini, Zubayer Ahammed, Ekata Nandy, Rajesh Ganai1, 
Anamika Pallavi, Abhijit Bhattacharyya1, and Subhasis Chattopadhyay 

1Department of Physics, University of Calcutta, Kolkata, INDIA 

he Muon Chamber (MuCh) is a sub-system of the Com-pressed Baryonic Matter (CBM) 
experiment. The detec-tor system in CBM is composed of a segmented absorber system with 

detectors placed in between. MuCh consists of four detector stations sandwiched between the absorber 
segments. At the 3rd and 4th stations of MuCh, Resistive Plate Chambers (RPCs) have been conceived 
for muon tracking. Here we report the design, developemnt and tests of the readout PCBs for the 3rd 
station of the RPC detector. The trapezoidal shaped signal pickup PCB of the actual size for the 3rd 
Station of the RPC detectors at CBM-MUCH is designed with precise calculations. These de-tector 
readout PCBs are of 4-ft (about 1181-mm) in length and 2-ft (about 542mm) wide and 2.4mm thick. 
Total 18 no. of modules accommodate the full azimuth coverage with segmentation of 20 degree for 
each detector module and 2 degree for each PAD. Each PCB is designed using trapezoidal pads layout 
with progressively increasing radius in the 48 no. of concentric circles. The size of the smallest 
trapezoid pad is 1.01cm and that of the largest pad in the farthest most radius is 5.0 cm as shown in 
Figure 1. The precise parameters are crucial for the integration of the designed PCBs with the MUCH-
XYTER based front end electronics (FEE) and with the other detector systems at the experimental site. 
The calculations include the replication steps, rotation angles, horizontal and vertical tolerances to 
avoid any shorts during the production. 

 
Figure 1: Design of readout PCB for 3rd station at CBM-MuCH. 

The tolerance between the two pads both horizontally and vertically is 0.2 mm to avoid any shorts and 
kept such so that it could be produced in the production foundries with optimum charges. Provision is 
also kept for the injection of the external test pulse charge through capacitor coupling to the FEE 
boards. Total 04 no. of connectors with 1.27 mm pitch are placed for insertion of FEE boards. The 
signal tracking of T8 size is chosen and routing is done with minimum 8 mil (1 mil = 0.0254mm) track 
to track distance and the broom shaped at the far end so as to avoid cross talk between the nearby 
signal tracks. The PCB is outlined with through holes for screwing at the board edge to attach the 
pickup panels to the detector firmly for efficient charge collection. Two such boards are fabricated 
with FR4 material, ENIG finish and Glass Trans Temp (Tg) 170 for production quality tests and to 
decide for the further production lot. Two  PCBs are produced for the first test with the RPC detectors. 
The initial testing of the PCBs have been carried out in VECC. The overall performance of the 
detector along with PCB has been tested successfully in GIF++ facility at CERN Geneva. As of today 
the RPC detector along with the designed PCB is under test at mini-CBM GSI, Darmstadt-Germany. 
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FIRST PRODUCTION OF RADIOACTIVE ION BEAM OF CARBON-
11 AT VECC RIB FACILITY 

Mahuwa Bhattacharjee, Chinmay Giri, Syed Masum, Sunita Hansda, Sulagna Mitra,  
Dirtha Sanyal, Siddhartha Dechoudhury, Arup Bandyopadhyay, Vaishali Naik 

n a recent experiment, Radioactive Ion Beam (RIB) of Carbon-11 (11C) has been produced for the 
first time at VECC. Carbon-11 is a PET radio-isotope with the half-life of about 20 minutes and is a 

potential candidate for next generation hadron therapy using radioactive carbon beams. The 
experiment was conducted with the aim of optimizing the production technique and commissioning 
the indigenously developed 2.45 GHz gas-jet ECR ion source (ECRIS) [1] for the production of RIB.  

First the radio-isotopes were created in nuclear reactions by bombarding 0.3 atm. nitrogen gas target 
with 10 MeV protons accelerated in the K130 Cyclotron. Radio-isotope 11C (T1/2 = 20.36 min) was 
produced via the reaction route 14N(p, α)11C. The reaction products were transported to the RIB facility 
site using a 1/16-inch diameter, 190 ft. long capillary using Gas Jet Recoil Transport Technique and 
injected into the 2.45 GHz ECRIS through a skimmer coupled to one of its radial ports (Figure 1). A 
porous catcher was inserted though the opposite radial port to ensure capture of the jet and subsequent 
diffusion for ionization in the source. The extracted 1+ beam from the ion source is focused using an 
Einzel lens before passing through a 90o dipole magnet for q/A separation of the beam. The 1+ beam 
was deposited on aluminum catchers at focal plane of Dipole Magnet and activity was measured using 
High Purity Germanium detectors.  

 
Figure 1: Skimmer coupled 2.45 GHz ECRIS used for 11C1+ production 

The 511 KeV gamma-rays emitted due to β+ emission and subsequent annihilation process was used to 
monitor and identify the isotope (Figure 2a). Successive decay measurements with 511 KeV were 
carried out for half-life confirmation with that of 11C (Figure 2b). Here A(to) and A(t) and are the 
measured activity at the start of counting and after time t. Pure ion beam of Carbon-11 was measured 
at the exit of the separator with an intensity of about 5000 particles per second. The future plan is to 
accelerate the RIB to further optimize the technique for enhanced beam intensity. 
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Figure 2(a): Gamma ray spectrum from the decay of 11C 

measured at the exit of isotope separator. 
Figure 2(b): Decay measurement for T1/2 confirmation 

with 11C. 

References: 
[1] Design of a gas-jet coupled ECR ion-source for ISOL type RIB facility'; M. Bhattacharjee, H.    

Pandey, V. Naik, A. Chakrabarti, Nuclear Instruments and Methods A, 959 (2020)163572. 

 

BEAM BASED DIAGNOSTIC AND FOUR DIMENSIONAL 
TRANSVERSE EMITTANCE MEASUREMENT USING SOLENOID 
SCAN FOR 100 KEV THERMIONIC ELECTRON GUN AT VECC, 

KOLKATA 

Siddhartha Dechoudhury, Sanket Haque, Md. Zamal Abdul Naser, Shourya Mukherjee1, 
Arihant Kumar Jain, and Vaishali Naik 

1IIT, Kharagpur 

he electron gun followed by Low Energy Beam Transport (LEBT) line has been developed and 
made operational recently at VECC. It is the electron source for 10 MeV Injector Cryo-Module 

(ICM) built in collaboration with TRIUMF, Canada. The ICM will be the front end for the electron 
Linac  photo-fission  driver for  the proposed ANURIB facility.  In  recent experimental endeavor,  we 

 
Figure 1: 100 KeV electron gun and Low Energy Beam Transport Line 

have measured 4D emittance using second-moments of beam distribution of 100 KeV RF gridded 
thermionic electron gun by varying current of single solenoid. This technique does not require any a-
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priori assumptions regarding correlation between transverse planes as well as particle distribution of 
the beam. Before that we have calculated matrix element of this solenoid experimentally and hence 
tuned two upstream steerer to achieve the condition of alignment of beam centroid trajectory with the 
solenoid magnetic axis. Further, the phase space emittance projected along two transverse axis has 
been tomographically reconstructed based on Algebraic Reconstruction Technique (ART). The 
schematic layout of the electron gun followed by LEBT which consists of in-house developed beam 
profile monitor is shown in Figure 1. 

A MATLAB based graphic user interface software has been developed for analyzing the images. 
Experimentally the larmor rotation angle induced by the solenoid have been measured from which the 
energy of electron beam has been determined. For 100 KeV electron beam, calculated rotational angle 
with the measured magnetic profile is 33.52° (B = 135.6 Gauss) while measured values are 33.495° for 
X steerer scan and 33.75° in Y. The elements (M12 and M14) of transport matrix from second steerer to 
screen including intermediate solenoid (M) has been determined by scanning two upstream X-Y 
steering magnets and found close to the analytical value. The settings of two upstream steerer has been 
optimized for getting least shift of centroid on the screen within the solenoidal field range used for 
emittance measurement. A set of measurement of three second moments of the beam (<xx>s, <yy>s 
and<xy>s) on screen has been carried out by varying the solenoid current. Six set of data has been 
measured from which the standard deviation followed by error in determining emittance has been 
calculated. Finally, second moments of the beam at the location of interest has been determined by 
fitting these data with the standard relation. Figure 2 shows the fitted data from solenoid scan while 
figure 3 show the projected emittance in all the 2D sub spaces in transverse planes. 

Figure 2: Fitted data for the measured second 
moment distribution using solenoid scan 

Figure 3: Projected RMS ellipse in transverse plane based on second 
moment distribution 

 

 
Figure 4: Reconstructed (background corrected) with RMS ellipse 

from solenoid scan (in red) and from tomography (in blue) 

 
 
 
 

Table 1: RMS Normalised Emittance (mm mrad) 

 X-X/ Y-Y/ 

Solenoid Scan 4.52 ± 0.2 5.08 ± 0.085

Tomography 4.1 ± 0.1 4.4 ± 0.11 
 

X and Y histograms for same set of solenoid currents as used for solenoid scan method has been 
analyzed and transverse phase space has been reconstructed using in-house developed algorithm based 
on ART. ART can work effectively in reconstructing phase space even for limited number of 
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projections over the full range of rotation angle in X-X/ induced by solenoid in our case. The 
reconstruction error is less than 1%. The reconstructed phase space in X-X/ transverse plane is shown 
in Figure 4. In addition, RMS beam ellipse calculated from solenoid scan method has been overlayed 
(in red) on the reconstructed profile for comparison. 

Table 1 depicts the normalized RMS emittance from solenoid scan and that from ART method. The 
normalized emittance % calculated from ART reconstructed phase profile is roughly 4.2 times the 
RMS emittance . In order to have better ART scan we need to expand the range of solenoid B field. 
But it is not possible to include the analysis of more defocused beam in the present experimental set-
up. 

 

STUDY OF MULTI-PORT RF POWER FEEDING IN FOUR ROD-
TYPE RADIO FREQUENCY QUADRUPOLE (RFQ) LINAC 

 H. K. Pandey, S. Dechoudhury and V. Naik 

hile feeding rf power exceeding tens of kilo-watts in an rf cavity, the power coupler becomes 
challenging because of thermal load, localized heating at ceramic-metal seals, and multi-

pacting. To mitigate the problem multi-port feeding using a set of rf power couplers is adopted. Here it 
becomes important to ensure that the rf power fed through each coupler adds in phase to achieve the 
required power level in the cavity. We have undertaken an analytical and experimental study of multi-
port rf power feeding in a 4-rod type Radio Frequency Quadrupole Linac (RFQ) linac designed for the 
high current proton injector of ANURIB. The estimated power to generate an inter-electrode voltage 
of 60 kV in the 80 MHz 4-rod type RFQ is about 65 kW (cw) for a measured R/Q of around 9.8. 
The 80 MHz 4-rod type RFQ has been designed with extended vane type geometry for the electrodes 
and because of this, alternate supporting posts are laterally shifted with respect to the centreline. A 
snapshot of simulated magnetic field distribution in the RFQ is shown in Figure 1a. In Figure 1(b), 
axial magnetic field Hz is plotted along the length of the prototype RFQ (10 mm from the inner wall 
of the vacuum enclosure).   It can be seen that there is a variation in the magnetic field with the peak at 
the center of the posts. This variation is due to the nature of the distributed inductance in the rf 
structure and has also been experimentally verified. We consider the case for four couplers placed near 
post numbers 2, 3, 6 and 7 using Port 1, 3, 2 & 4 respectively. For these posts, the axial magnetic field 
is in the same direction, so the orientation of all the couplers is kept alike to have an equal coupling 
phase. 

Experimental Measurement 
An experimental study of coupler balancing has been carried out on the full-scale prototype RFQ 
which has un-modulated vanes of length 1.528 m resting on eight posts. The external vacuum 
enclosure is having four ports on each side and one port each on the entry and exit sides of the RFQ 
vacuum enclosure. We first optimized the coupler position and loop size and the next step was to 
experimentally validate the procedure to feed power to the prototype RFQ through the four couplers 
under optimal balanced conditions.  
The vane voltage for a particular power level has been measured using Vector Voltmeter (Model no. 
8508A, Agilent). The vane voltage measured for rf power fed through a single coupler is compared in 
case of two couplers receiving half of the previous power level going through each of the coupler and 
similarly one fourth of the previous power level through each of the four couplers. A photograph 
showing the set-up for measuring S parameter with two couplers and schematic of setup for measuring 
S parameter and vane voltage with four couplers (LC-1, LC-2, LC-3 and LC-4) inserted via Port-1 to 4 
is shown in Figure 2a and 2b respectively. The resonating frequency measured by Vector Network 
Analyser (VNA, Model no.ZNLE6, Rohde & Schwarz make) with a single coupler ( = 1) and pick up 
is 79.143 MHz (loaded Q = 1300, S11 = -37 dBm, S12 = -39 dBm). 
Next the balancing of two couplers inserted at Port-1 and Port-3 has been carried out. In the first step 
coupler at Port-3 is inserted and rotation angle is adjusted so that loaded QL measured between coupler 
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at Port-3 and pick up is around 	~	1734. Terminating the inserted coupler by 50 , second 

coupler is inserted at Port-1 and rotation angle adjusted to have loaded QL ~ 	~	1300. This 

process needs to be iterated few times to ascertain that for  any coupler terminated by 50 ,  loaded Q 
measured using other coupler and pick up is 1300.  

 
Figure 1: (a) Top view of the RFQ cavity showing magnetic field distribution around the 8 posts (b)the 

longitudinal component of magnetic field Hz field along the length of RFQ at distance of 10 mm from the inner 
wall indicated by the blue and red lines in (a). Simulation has been done using CST Microwave Studio16. 

The S parameter relation can be used more effectively as an alternative to this iterative process. We 
can use the S parameter between the two couplers and adjust the rotation angle simultaneously to 
achieve S parameters close to the analytically calculated value. The optimal rotation angle for coupler 
balanced condition has been ascertained by measuring S parameters which are S11 = -6.0349 dB, S22 = 
-6.0777 dB and S12 = -6.0349 dB with resonating frequency 79.148 MHz. The difference in measured 
phase between any coupler and pick up is within 1 deg. 

 
Figure 2: (a) A photograph showing set-up for measuring S parameter with two couplers 

(b) Schematic for measuring S parameter and vane voltage with four couplers. 
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In case of four couplers, we measured S parameter between any two couplers and simultaneously 
adjusted the rotation angle of those couplers. The coupler was balanced with measured S11 parameter 
being -2.4480 dB, -2.4214 dB, -2.4483 dB and -2.4205 dB while S12 values are close to -12.28 dB. The 
resonating frequency of prototype RFQ with four couplers inserted is 79.118 MHz and the 
corresponding phase difference between any coupler and pick up has been measured to be within 1.2 
deg. 

 

EMPIRICAL ESTIMATION OF CROSS-SECTIONS OF EXOTIC 
NUCLEI PRODUCED BY IN-FLIGHT FISSION OF  

RELATIVISTIC 238U 

Debasis Bhowmick, Siddhartha Dechoudhury, Vaishali Naik and Alok Chakrabarti 

n empirical formalism is developed for predicting the cross-sections of neutron-rich nuclei 
produced in projectile fission of uranium at relativistic energy impinging on Be target. The 

formalism is based on the abrasion (Charge yield is shown in Figure 1) followed by fission (Mass 
Distribution is shown in Figure 2), altogether called as abrasion fission mechanism of the above “in-
flight fission” reaction. Cross sections calculated for neutron rich exotic fragments in this theoretical 
framework and found to be in good agreement with the observed cross sections of exotic fragments 
from GSI and RIKEN experiments (shown in Figure 3). The integrated yield along with charge 
distribution of the products are calculated to find the neutron richness in comparison with the nuclei 
produced by the r process in nucleo-synthesis. Figure 4 clearly shows how far one can march forward 
towards n-drip line in in-flight fission and compared with proton induced fission. However, some r-
process nuclei in the lower-mass range for asymmetric fission mode are found to be produced almost 
two orders of magnitude more (shown in Figure 5) for proton-induced fission than in in-flight fission, 
although the rest of the neutron-rich nuclei in the asymmetric mode are produced in comparable 
proportion for both processes (shown in Figure 6). 

 
Figure 1 

 
Figure 2 

 
Figure 3 

 
Figure 4 
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Figure 5 

 
Figure 6 

 

REPORT ON THE ACTIVITIES OF TARGET LABORATORY  

S. Mitra, S. Masum, D. Bhowmick and V. Naik 

tilizing all resources of the target laboratory, about 25 targets were supplied to the users for 
nuclear physics experiments, apart from making several Pellets of different materials and 

supplying foils of various metals for material science irradiation experiments. The details of some of 
the targets prepared using Centrifuge and Vacuum Deposition unit are summarized below.   

A. Centrifuge targets:  
155Sm & 144Sm of 4.5 mg/cm2 thick and EuO2, CrO2 6.5 mg/cm2 thick on Mylar – backing, apart from 
50Cr which is of 4.5 mg/cm2 thick on Al backing are produced using centrifuge for experiments using 
VECC cyclotron.  

B. Installation of Vacuum Deposition Unit: 
A new vacuum deposition unit was installed in target laboratory for making thin films on substrates 
(see Figure 1). The system is designed in a D shaped chamber with two numbers of thermal heating 
source, a substrate heater (500°C-700°C) as well as a substrate rotor (10-20 rpm) to ensure uniform 
deposition. It has an in-built chiller unit. The unit is equipped with a digital thickness monitor (DTM) 
for in-situ measurement of the thickness of the deposited film. 

 
Figure 1: Vacuum Deposition set up in target laboratory 

A number of Thin Targets of different materials like Aluminum (Al), Copper (Cu), Gold (Au), 
Bismuth (Bi) have been prepared in the newly installed system (See Figure 2). Self-supporting targets 
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(1.5 cm x 1.5 cm) of Gold and Bismuth have also been prepared with thickness 260 nm and 1.2 μm 
respectively. A finer self-supporting film of gold with similar dimension and thickness ≤ 100 nm is 
under preparation. 

 
Figure 2(a): Bi film deposited on glass substrate 

 
Figure 2(b): Self-Supporting Bi target 

 
Figure 2(c): Au film deposited on glass substrate 

 
Figure 2(d): Self-Supporting Au target 

C. Preparation and Investigation of CaSO4: Dy based neutron sensitive phosphor: 
Different batches of CaSO4: Dy phosphor have been prepared with varying Dy content to increase the 
neutron sensitivity of the phosphor (see Figure 3). The phosphor is prepared by dissolving measured 
quantity of highly pure CaSO4, 2H2O and Dy2O3 is concentrated sulphuric acid and continuous 
evaporation of the resultant solution. The glow curve characteristics of the prepared crystalline 
phosphor have been studied and neutron sensitivity has been investigated. The sample with higher Dy 
content was found to have more neutron sensitivity. 

 
Figure 3: CaSO4 :Dy TLD phosphor prepared at target laboratory 
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In-situ POSITRON ANNIHILATION STUDIES OF METHYL 
AMMONIUM LEAD IODIDE PEROVSKITE UNDER THE 

APPLICATION OF ELECTRICAL BIAS  

Sudipta Moshat, Sayantan Sil1, P. P. Roy2, Joydeep Dhar3 and Dirtha Sanyal 

1Department of Physics, University of Engineering and Management, Kolkata 700160, India 
2Department of Physic, Jadavpur University, Kolkata 700032, India 

3 Department of Chemistry, Birla Institute of Technology, Mesra, Ranchi 835215, India 

he formation of point defects in the crystal lattice of organic-inorganic hybrid perovskites is 
detrimental to the long-term stability of the perovskite-based solar cell. The observed hysteresis in 

organolead halide perovskite solar cell during the photocurrent measurement is believed to be the 
consequence of such defect sites. In the present work, we are reporting the formation of reversible or 
irreversible lattice defects in methylammonium lead iodide perovskite depending on the magnitude of 
bias voltage studied by electrical measurements and positron annihilation spectroscopy. Current vs. 
voltage (I-V) measurements support the formation of p/n junction at the metal/semiconductor 
interfaces, suggesting the defects-driven ion migration under the applied bias. In-situ positron 
annihilation spectroscopy has elucidated the nature of vacancy sites formed due to the application of 
bias voltage (Figure 1). In the lower biased voltage (< 1 V), the formation of lattice defects is 
reversible, while beyond a threshold voltage of 1.2 V, the defects become permanent as observed by 
the positron annihilation spectroscopy. 

 
Figure 1: (a) Schematic diagram of the device fabricated to study the positron annihilation spectroscopy of MAPbI3 sample 
under the electric field, (b) Variation of positron annihilation S-parameter with applying a constant voltage and the same 

after withdrawing voltage (V= 0 V). 
 

 
Figure 2: Current-voltage (I-V) plots of MAPbI3 recorded using Ag electrodes for multiple scans in the positive (a) and 

negative (b) scan directions; in the inset, the magnified region has been shown to demonstrate the poling phenomena in both 
the scan directions. 

 
Electrical measurement in Ag/MAPbI3/Ag lateral devices showed extensive poling with the creation of 
junction at the respective MAPbI3/Ag interfaces leading to the formation of p-i-n or n-i-p device 
structure. Such p-or n-type doping occurs owing to the formation of lattice defects at the 
semiconductor/metal interfaces after the reduction and oxidation of the respective ions at the cathode 
and anode (Figure 2). It has been found that the stability of such ionic vacancy also depends on the 

T



Progress Report 2021-22 

 
100 

 
 

applied voltage; at the lower voltage, the formation of lattice defects are reversible, while the defects 
become permanent, after crossing the threshold voltage of 1.2 V. Thus, it shows that the electric field 
as low as ~ 3 × 10-3 V m-1 can lead to the formation of stable defects in MAPbI3 system. 

 

Ab-initio STUDIES OF ELECTRONIC AND MAGNETIC PROPERTIES 
OF TITANIUM DOPED METHYL AMMONIUM LEAD HALIDES  

Sudipta Moshat and Dirtha Sanyal 

erromagnetic properties in Titanium doped methyl ammonium lead halides (MAPbX3, X= I, Cl, 
Br) have been analyzed using first principle calculations in the framework of density functional 

theory (Table 1). Titanium doped at the Pb site of methyl ammonium lead halides shows n type 
semiconducting property along with a significant amount of magnetic moment. The total and partial 
density of state calculations reveals that d orbital of Ti atom is the main source of magnetism and a 
small contribution comes from the p orbital of Pb and halide ions. The calculated value of low 
formation energy makes it a suitable material for spintronics applications. Bader charge analysis and 
band structure calculations have been performed for the pristine and doped systems. 

 
Figure 1: Total density of states for pristine MAPbX3 system 

 
Table 1: DFT calculated different parameters for Ti doped 

MAPbX3 (X = I, Cl, Br) systems 

System 
type 

Defect 
formation 

energy 
(eV) 

Fermi 
energy 

(eV) 

Magnetic 
moment 

(µB) 

Ti doped 
MAPbI3 

4.86 2.61 4 

Ti doped 
MAPbBr3 

2.58 1.90 4.06 

Ti doped 
MAPbCl3 

2.14 2.44 4.01 
 

 

 
Figure 2; Spin polarized partial and total density of states of Ti doped (a) MAPbI3 (b) MAPbBr3 and (c) MAPbCl3 

Figure 1 represents the spin polarized total density of states for all the three pristine systems. It shows 
symmetric distribution of up spin and down spin which suggests zero net magnetic moment for all the 
three MAPbX3 (X = I, Br and Cl) cases. Spin polarized total and partial density of states distribution 
for all the three doped systems have been depicted in Figure 2 (a), (b) and (c). It is clear from Figure 2 
that the total spin polarized density of states distributions are asymmetric in spin up and spin down 
directions, which suggest a significant amount of magnetic moment. It has been observed that the 3d 
orbital of doped Ti atom contributes the major part of the magnetic moment, while the p orbital 
electrons of Pb and X (I, Br, Cl) also contribute a small amount of magnetic moment. In the present 
system p-d exchange and double exchange interaction also responsible for the induce magnetic 
moment like transition metal ion doped oxide samples.  

(a) (b) (c)
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The degree of spin polarization at Fermi level has been calculated using relation 
↑	 ↓

↑	 ↓
  , where 

N↑ represents the number of up spin states and N↓ represents the number of down spin states at Fermi 
level. The degree of spin polarization is 99% for Ti doped MAPbI3 and MAPbBr3 systems whereas it 
is 97% for Ti doped MAPbCl3. The Ti doped MAPbCl3 system show half-metallic behavior with high 
degree of spin polarization at Fermi level. 

 

FIRST-PRINCIPLES STUDY OF MAGNETIC PROPERTIES OF THE 
COBALT DOPED SILVER COPPER SULFIDES  

Sudipta Moshat, Sulagna Ghosh and Dirtha Sanyal 

irst principles calculations in the framework of density functional theory have been carried out to 
study the electronic and magnetic properties of cobalt (Co) doped silver copper sulfide (AgCuS) 

system. Cobalt doped at Cu site can induce a significant amount of magnetism in AgCuS.  The total 
and partial density of states reveal that 3d orbital electron of the Co atom is the primary source of 
magnetism and the rest of magnetic moment comes from the 3d orbital electron of Cu atoms. Spin-
spin interaction study suggests a ferromagnetic ordering with Ruderman-Kittel-Kasuya-Yoshida 
(RKKY) type of exchange interaction. The spin polarized density of states calculation suggest the 
presence of polarized density of states at the Fermi level which makes the system more interesting as a 
half-metallic ferromagnetic system (Table 1). 

 
Figure 1: Total density of states distribution for the pristine, and 

atomic vacancy (VCu, VAg and VS) induced AgCuS system. 

 
Figure 2: Total and partial density of states distribution 

for Co doped at Cu Site AgCuS system. 
 

Table 1: Free energy, defect formation energy (DFE), Fermi energy and magnetic moment of different systems (pristine, 
atomic vacancy induced, CoCu and CoAg in AgCuS). 

System 
EFM 

(in eV) 
EAFM 

(in eV) 
∆E= (EFM- EAFM)

(in MeV ) 
EDFE 

(in eV) 

Fermi 
energy(Ef) 

(in eV) 

Magnetic moment 
per substitution 

( in µB) 

Pristine -521.5349 -- -- -- 6.282 0.00 

VCu -518.0238 -- -- 7.89 6.108 0.00 

VAg -520.3625 -- -- 4.70 5.959 0.00 

VS -516.3694 -- -- 7.26 6.178 0.00 
CoAg -528.8572 -529.0816 224.4 3.13 6.095 2.45 
CoCu -527.8492 -527.8384 -10.8 5.87 6.149 3.63 

 
Figure 1 represents the total density of states for the pristine AgCuS and AgCuS with silver vacancy, 
copper vacancy and sulfur vacancy respectively. The symmetrical distribution of the total density of 
states signifies the non-magnetic behavior of pristine system, and AgCuS with VAg, VCu and VS 
respectively. The total and partial density of states for AgCuS with CoCu has been shown in Figure 2. 
From Figure 2 it is clear that the total DOS distribution is asymmetric, moreover the DOS distribution 
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for the 3d electrons of the doped cobalt atom and the nearest silver (3d) as well as sulfur (2p) atoms 
are also polarized. Figure 2 also suggest the half metallic nature of the doped system. 

Ruderman-Kittel-Kasuya-Yoshida (RKKY) exchange interaction play one of the dominant role to 
describe the origin of the magnetic moment in transition metal ion doped system, where a localized 
magnetic moment spin polarizes the conduction electrons and the polarization couples to neighboring 
localized magnetic moment. According to RKKY model, the oscillatory behavior of magnetism can be 
explained by the indirect exchange interaction given by the equation (1), 

H 		 	  J( ) .  …………(1) 

Where  and  are the spin of magnetic ions at the “ith” and “jth”  positions of the system. =  
denote the spatial distance between the magnetic ions. Now the coupling parameter J takes the form as  

	 ∝ 	
	 	 	

 , where   is the Fermi wave vector and r is the magnitude of distance between 

them. To study the coupling parameter, different structures with different doping distances between 
the two CoCu sites in AgCuS have been build. The different doping positions are shown in Figure 3. 
The difference of energy has been plotted (Figure 4) against different distances and has been fitted 
with RKKY function. The data points are well fitted and the oscillatory behavior of FM and AFM with 
dopant distances has been explained using the RKKY model. 

 
Figure 3: The marked positions are the doping sites of CoCu in AgCuS. 
Red, yellow and black spheres are representing the Cu, S and Ag atoms 

respectively. 

 
Figure 4: Variation of exchange integral, J(x) as 

a function of CoCu– CoCu distances. 

 

OPTICALLY ACTIVE ISOLATED SILVER NANO-DOTS 
FORMATION BY BROAD ION IMPLANTATION ON PRE-

PATTERNED SILICON NANO-TEMPLATES  

Prasanta Karmakar, Sudip Bhowmick, Joy Mukherjee, Biswarup Satpati1 

1Saha Institute of Nuclear physic, HBNI, 1/AF, Bidhannagar, Kolkata 700064, India 

ynthesis of nano-particles (NP) has received considerable attention due to the wide range of its 
application in photo voltaic device, light-emitting diodes (LED), biotechnology and medicine. 

Among the metallic NPs, silver NPs are known for the versatile application in the field of 
nanotechnology and bio-technology.  It is necessary to find out a method of isolated Silver (Ag) nano 
particle formation which will be efficient and less-time consuming. Here, we have developed a new 
method in which isolated Ag nano dots can be formed on a large area without any musk and resist. 

Here, we report broad ion beam induced isolated silver nano dot formation on pre-patterned silicon 
nitride nano template. The nano templates are developed and optimized on Si (100) surface using N2

+ 
ion bombardment at different incidence angles and fluence (shown in figure1). Surface morphology 
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under Atomic Force Microscopy (AFM) shows well-defined pyramidal structures formed by 14 KeV 
N2 ion bombardment at incidence angle 70° with ion fluence 2×1018 ions/cm2. Optical sensitive buried 
Ag dots are formed on the entire ion exposed patterned surface by exploiting the pattern geometry and 
local ion implantation angle. Surface chemical analysis by X-ray photoelectron spectroscopy, and 
cross sectional investigation by transmission electron microscopy (TEM) confirms the isolated Ag 
dots sitting on the specific sites of nano-pyramidal template structures made of silicon and silicon 
nitride mixture (shown in figure 2). Presence of isolated Ag dots on the silicon-silicon nitride surface 
shows a significant increase of Raman signal which increases with the increase of Ag ion fluence 
(shown in figure3). An enhancement of light reflectance is also observed due to the presence of Ag 
dots on the surface. 

 
Figure 1: AFM images of Si, bombarded by N2

+ ion of fluence (a) 2×1017ions/cm2, (b) 5×1017 ions/cm2, (C) 
1×1018 ions/cm2, (d) 2×1018 ions/cm2 and corresponding height profiles along the marked lines. 

 

Figure 2: Mass Spectrum of extracted 6 KeV ions show two isotopes 107Ag and 109Ag with a 
ratio of their natural abundance. (a) AFM image of silver implanted template (b) cross 

sectional TEM image of irradiated silicon template by nitrogen, (c) schematic view of Ag 
dot on nano template and (d) high resolution cross-sectional TEM image after Ag 

deposition. 

 

 
Figure 2: Surface Enhanced 
Raman Scattering effect of 

silicon surface due to presence 
of isolated silver nano dots. 

References: 
[1] Optically sensitive isolated silver nano-dots development by broad ion implantation on 

nitrogen ion-induced pre-patterned silicon nano-templat, Sudip Bhowmick, Joy Mukherjee, 
Biswarup Satpati, and Prasanta Karmakar, Applied Surface Science, 578 (2021)0152079. 
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STUDY OF BAND GAP TAILORING AND NANO-PATTERNING OF 
MUSCOVITE MICA BY KEV TO MEV ENERGY ION BEAM 

IRRADIATION  

Prasanta Karmakar, Dipak Bhowmik, Joy Mukherjee 

e report surface pattern formation and simultaneous optical band gap reduction of multi-
elemental muscovite mica due to differential sputtering of constituent elements and defect 

creation by various energetic ion bombardments. 14 KeV Ar+, O2
+, NO+, N2

+, C+ and 27 MeV He++ 
ions bombardment exhibits projectile mass and energy dependent ripple like surface structure 
formation, and band gap alteration. Investigation of mica surface by X-ray Photoelectron Spectroscopy 
(XPS) shows projectile dependent depletion of different elements, specifically, potassium (K) atoms, 
which link the alumina silicate layers, and also reside on the top of the surface. A remarkable sputter 
erosion of K atoms by Ar+ ion is observed due to similar mass of Ar and K. The optical band gap, 
estimated from the UV-VIS-IR data, shrinks from 3.6 eV (virgin) to 1.8 eV (Ar+ ion bombarded) in 
case of indirect transition. Urbach energy is also estimated from the optical absorption data and is 
correlated with the ion induced damage to explain the defect mediated change of the band gap. 

 
Figure 1: FM of images of (a) virgin mica and 14 KeV (b) C+, (c) N2

+, (d) NO+, (e) O2
+, (f) Ar+ ion bombarded 

mica surfaces at ion incidence angle 60˚ with ion fluence 7×1017 ions/cm2 
 

 
Figure 2: (a) Absorption spectra of virgin and ion-bombarded mica surfaces. Tauc plot of virgin and ion 

bombarded mica surfaces considering mica as (b) direct and (c) indirect band gap semiconductor, (d) Variation 
of indirect band gap of mica as a function of  nuclear energy loss of 14 KeV different projectile ions. 
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Two dimensional (2D) nano sheets with atomic or molecular thickness like graphene, MoS2, mica etc. 
are emerging interest of study due to their potential applications in next generation electronic devices. 
Naturally available muscovite mica [KAl2(Si3Al)O10(OH)2] with a large band gap is an important 
multi-elemental 2D material, which is used for atomic force microscopy calibration, in solid state 
detectors, as an excellent substrate for bio-molecule deposition as well as in electrical and electronic 
devices. Growth of different types of nano-structures on mica surface by inert and reactive ion 
bombardment have been studied, however, the modification of band gap and consequent change of 
optical properties of phlogopite and muscovite mica by ion irradiation is interesting. 

In this work, we have investigated the projectile mass dependent surface patterning and optical band 
gap modification of multi-elemental insulating muscovite mica. A well-defined periodic ripple pattern 
has been observed for 14 KeV Ar+, O2

+, NO+, N2
+ ion irradiation on mica surface at oblique incidence, 

however, due to lower mass, C+ could not form any ripple like structure on mica surface (shown in 
figure1). The X-ray photo electron spectroscopy study exhibits the change in the intensity of 
Potassium (K) in both survey and high resolution spectra. The emanation of K is also supported by 
SRIM simulation where Potassium vacancy generation due to different ions has been estimated. 
Optical study by Ultraviolet-Infrared (UV-IR) spectroscopy shows the sensitivity of mica surface 
towards UV radiation. Considering both direct and indirect transitions, optical band gap of virgin and 
irradiated mica are estimated using Tauc’s plot method, which shows a lowering of band gap from 3.6 
to 1.8 eV (Shown in figure 2). Bombardment with higher energy (27 MeV alpha) lighter ions also 
leads to alteration of the indirect band gap of the mica. In case of higher energy indirect band gap 
reduces to 1.5 eV at only a ion fluence of 5×1014 ions/cm2. 

References: 
[1] Projectile mass dependent nano patterning and optical band gap tailoring of muscovite mica 

Dipak Bhowmik, Joy Mukherjee, and Prasanta Karmakar, Radiation Physics and Chemistry, 
Radiation Physics and Chemistry 187(2021)109568. 

 

EFFECT OF MeV ION INDUCED HEATING ON SECONDARY 
ELECTRON EMISSION FROM SI SURFACE AND ESTIMATION OF 

LOCAL TEMPERATURE  

Prasanta Karmakar and Subhash Ghosh  

e report the variation of secondary-electron yield and target temperature with the variation of 
ion beam intensity during 100 MeV N+5 bombardment on Si surfaces. Theoretical understanding 

of secondary-electron emission during ion bombardment predicts no variation of yield with ion beam 
intensity. We discovered that the variation of secondary-electron yield arises due to the rise of local 
temperature at ion impact sites of the target. The secondary-electron yield first decreases with the 
increase of ion beam current but subsequently, it increases with the further rise of beam current 
(Figure 1). The initial decrease is due to the temperature-dependent change of electrochemical 
potential of Si. The considerable increase of the secondary-electron yield with a further increase of ion 
beam current is caused by local surface heating and subsequent additional thermionic electron 
emission. We have estimated the surface temperature of ion-impact sites by separating the thermionic 
electron current from the collisional secondary electron current. 

When an energetic charge particle bombards a solid target, it interacts with the atoms and electrons of 
the target which leads to the re-distribution, excitation/ionization of the atoms and emission of 
electrons. The electrons produced by this process within the target form a cascade by multiple 
collisions, and a fraction of these electrons escape from the target as Secondary Electrons (SE). The 
secondary electron emission depends not only on the target and projectile combination but also on the 
energy of the projectile, experimental geometry, elemental combination of the target, atomic and 
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electronic structure of the target, the magnitude of the surface electrostatic field and target 
temperature. 

 
Figure 1: Schematic diagram of the secondary 

electron emission and global target temperature 
measurement system. 

 
Figure 2: Variation of secondary electron yield and global target 

temperature for Si target as a function of primary ion current of 100 
MeV N+5 ion beam. 

 
Table 1: Thermionic electron yield, electron current (na) and estimated local target temperature (K) for different ion current 

(pna) of 100 MeV nitrogen on silicon target. 
Beam 

current 
(pna) 

 Electron current 
(  ) in  

(Thermionic  
emission) 

Global target 
temperature 

(K) 

Value of constant in 
Richards law 

 

Local target 
temperature 

( K ) 

3 
4 
5 
6 
7 
8 

1.25 
2.85 
3.1 
3.2 
3.4 
4.45 

3.75 
11.4 
15.5 
19.2 
23.8 
35.6 

314 
332 
349 
355 
363 
371 

 
 

1.2 10 /  

1388 
1429 
1442 
1450 
1458 
1475 

In a vacuum system, the measurement of instant target temperature is very challenging.  In this work, 
we have presented an effort to estimate the real-time in-situ temperature of ion impact zones of the 
Silicon target surface by measuring the total secondary electrons as a function of primary ion current 
(figure 1 and 2). The electron yield decreases when the beam-induced heating changes the chemical 
potential of the doped silicon target. Heating at a higher temperature, electron yield increases due to 
the thermionic electron emission. The thermionic electrons are separated from the collisional electrons 
and used to estimate the local surface temperature of the ion impact sites (Table 1). 

References: 
[1] Effect of MeV ion induced heating on secondary electron emission from Si surface and 

estimation of local temperature, Subhash Ghosh and Prasanta Karmakar, Nuclear Inst. and 
Methods in Physics Research, B 516 (2022) 1–7. 

 

HIGH NONLINEARITY IN In2O3 DOPED ZnO BASED VARISTORS 
PREPARED AT DIFFERENT SINTERING TEMPERATURES  

Tapatee Kundu Roy 

he nonlinear electrical properties of ZnO based varistors are attributed to the formation of double 
Schottky barriers (DSB) at the grain boundary layers [1]. Sintering process influences the overall 

development of the microstructure, particularly the grain size, distribution of spinel phases and barrier 
T
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layer formation along the grain boundaries. Presence of defects, mainly the interstitial ions and 
vacancies, at these boundary layers are controlled by appropriate dopant addition. Nonlinearity 
(coefficient, α) is a crucial parameter of the varistors, which directly influences the safety and time 
response of the power systems. Higher value of α provides faster response and more efficient 
protection of the power circuits. 

Indium (In) doping affects in tailoring the leakage current and voltage gradient in ZnO varistors. A 
certain amount of In ions help in edging the grains that restrict grain growth and enhance the voltage 
gradient. Thus, the present study aimed to explore the effect of In2O3 addition on improving the 
nonlinear V–I characteristics of ZnO–V2O5–Nb2O5 varistor ceramics along with the microstructural 
development. A fixed concentration of 0.1 mol.% In2O3 was selected to add in the varistor system to 
understand the intense improvement in breakdown voltage, nonlinear exponent, and leakage current 
density of the developed varistor samples. Sintering temperatures, 850°C–925°C, was chosen based on 
our previous study in the ZnO–V2O5–Nb2O5 varistor system [2].  

Scanning electron microscope (SEM) images were used for the grain size measurement of the sintered 
varistors. A uniform fine-grained microstructure was observed for the sample sintered at 850°C. 
Samples sintered at  875C show similar features of grains, with a slightly larger grain size resulting 
from sintering at 925C. The spectrum analysis of the grains developed at a particular sintering 
temperature shows the statistical distribution of grain sizes. Figure 1 represents the log-normal 
distribution of the grains. These In doped varistors result finer-grained ZnO, as some doped In3+ ions 
form secondary spinel phases (detected by XRD) at the grain edges and restrict the ZnO grain growth. 
As the sintering temperature increases, the peak shifts towards a larger grain size. 

 
Figure 1: Statistical distribution of grains in the varistors sintered at (a) 850°C 

(b) 875°C (c) 900°C and (d) 925°C 

The electric field-current density (E-J) curves of the varistors were generated from the measured 
voltage-current data using a 2.5 kV power source meter (PS 325/2500V–25W, Stanford Research 
System, Inc.). The breakdown field (EB) and nonlinear exponent (α) were obtained from the E-J plots. 
The leakage current density (JL) was determined at 75% of the breakdown potential (0.75EB). A plot of 
EB vs. average grain size is shown in Figure 2a. The varistor sample sintered at 875 ◦C shows a high 
EB value with a lower value of grain size around 1.2 μm. The EB value decreases with an increase in 
grain size for most of the samples. Despite the sample sintered at a lower temperature of 850 °C 
possessing a lesser value of grain size, it develops a reduced value of EB (11.8 kV cm−1). The primary 
reason for this may be the relative density of the varistor sample, which is the lowest obtained from 
this study.  A graphical representation of α values and the leakage current density, JL, is shown in 
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Figure 2b. These samples have developed high nonlinearity exponent in the range of 82 ± 6 to 153 ± 7. 
The reason can be explained from the substitution reaction resulting from In doping. 

 
Figure 2: Nonlinear electrical properties of the varistors (a) EB with grain size (b) α with JL 

As the Pauling’s radius of In3+ ion is slightly larger (0.080 nm) than the parent Zn2+ ionic radius of 
0.074 nm, a part of the In3+ ions gets dissolved into the ZnO lattice and leads to an increase in the 
grain conductivity. This, in turn, enhances the nonlinearity of the varistor samples. Also, a fraction of 
the doped In ions at the depletion layers act as donors and cause an enhanced density of interface state. 
This fact improves the Schottky barrier height and restricts the rise in leakage current. Consequently, 
the sample with lower JL develops a higher value of nonlinearity, as observed in Figure 2b. The 
disadvantage of high leakage current (commonly  100 μA cm−2) in ZnO-V2O5 based varistors could 
be limited to a lower range to 62–83 μA cm−2 in the varistor samples (sintered at 875-900C). The 
optimal performance has been obtained for the sample sintered at 8750C with Eb value of 14.2 kV 
cm−1, α value of 153 and JL equals 62 μA cm−2. 

References: 
[1] T. K. Gupta, J. Am. Ceram. Soc. 73 (1990) 1817–1840. 
[2] T. K.Roy, T. K.Bhattacharya, S. K. Thakur, J. Mater. Sci. Mater. Electron. 30 (2019) 5640–

5651. 

 

PREPARATION AND TESTING OF TWO-PHOTON OPTICAL SET-
UP FOR RYDBERG SPECTROSCOPY OF ALKALI ATOMS. 

Ayan Ray, Vinay Shukla, V. Naik and Alok Chakrabarti 

he Master Oscillator Power Amplifier (MOPA) laser system along with one other external cavity 
diode laser is required to complete the Rydberg excitation of Rb atom. A single laser is used to 

populate 5D5/2 state through the 5S5/2 to 5D5/2 778 nm two-photon absorption. This is done between 
two states of the same parity by using laser wavelength satisfying the sum-frequency rule. It is 
followed by (i) decay from the 5D5/2 to the 6P3/2 and (ii) the 6P3/2 to nS, nD excitation to Rydberg 
levels (Figure 1).  

Accomplishments: 
(I) Role of quantum interference in two-photon spectroscopy: A part of the experiment is 
completed where 5S5D transitions is studied in presence of a second laser. Manipulation of 

(a) (b)
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transitions belonging to different isotopes (85,87Rb) has been explored in presence of quantum 
interference [1].  

(II) Role of transit time broadening in two-photon spectroscopy: Rydberg excitation experiment is 
conducted in a hot Rubidium vapour cell where two color beams 778 nm & ~1020 nm are mixed using 
a dichroic mirror. This interaction is critically dependent on the laser beam diameter, which governs 
the transit time broadening in the atom-field interaction. The first phase of the experiment related to 
optimization of transit time broadening has been completed.   

 
Figure1: Atomic energy level diagram for the rubidium isotopes. 

Ongoing work: 
(i) Testing of electronic components: The Stark vapour cell has two parallel plate electrodes, which 
will be connected to an HV supply. The HV supply is now being tested under the current limiting 
condition in constant voltage mode. After two-step excitation, the Rydberg atoms will be ionized 
under HV. The ionization current is expected to be in the range of na and masked by the leakage 
current ranging within a few hundreds of micro-A. An ultra-low noise current amplifier (SR 570 of 
Stanford Research) is used to nullify the background and sample the ionization current when Rydberg 
ionization will take place. The SR570 current amplifier is now tested with standard oscillators.  

(ii) Optical alignment: The spectroscopic run involves scanning the high power (1.5W) CW MOPA 
laser. Passing of the beam through the optical setup creates multiple reflection spots, which can affect 
the response of the detector system. Currently, the optical setup is being refined to optimize the back 
reflections. For this purpose, dichroic mirrors are used to make a cavity-like arrangement where the Rb 
Stark Vapour Cell is being placed and neutral density filters are also being used.  

Reference 
[1] Interaction between single frequency two photon and one photon transitions in a V system", 

Vinay Shukla, V. Naik, Alok Chakrabarti, Ayan Ray, Optics Communications 498 (2021) 
127217. 
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GENERATION AND ACCELERATION OF RIB OF 43K+ WITH THE 
ARGON JET COUPLED ON-LINE ISOTOPE SEPARATOR AT VECC 

Ayan Ray, Pratanu Chakraborty, Md. Sabir Ali, Arup Bandyopadhyay and Vaishali Naik  

eneration and acceleration of radioactive ion beams (RIB) of alkali species is a good starting 
point for testing the Laser Spectroscopy set-up as one can expect good +1 charge state ionisation 

efficiency using a surface ionisation source. Further alkali RIB is a potential candidate for performing 
laser spectroscopic activities like collinear laser spectroscopy, Resonance Ionisation etc. With this aim, 
recently we have accelerated the radioactive ion beam of Potassium-43 (43K+) in the gas-jet coupled 
online isotope separator (ISOL) facility. The radioactive potassium was produced via the reaction 
40Ar(α,p) 43K by bombarding 1 atm target of Argon by 30 MeV alpha-particle beam from the K130 
Cyclotron. The target chamber was placed in Channel-1 and reaction products were transported to the 
ISOL site using the Gas Jet Recoil Transport (GJRT) technique. Activity was injected in the surface 
ion source through a skimmer while the transport gas of argon is pumped out using a roots pump.  

Ion Optics tuning and measurement of RIB  
Prior to the acceleration of RIB, the ISOL was set-up for stable isotope beam of potassium. A pinch of 
Potassium Chloride (KCl) salt is put in the tantalum cathode to extract 39,41K+ stable beam which act as 
pilot beam before acceleration of 43K+. The cathode is heated by electron bombardment from 
resistively heated tantalum filament at 30 A. The cathode is maintained at a potential of about 600 V 
with respect to the filament to enhance the bombarded power. The entire ion source is floated to a 
potential +8 kV and the extractor is maintained at ground potential. The vacuum in the ion extraction 
chamber is maintained at ~5×10-6 mbar.  

The ion optics arrangement involves a Quadrupole-Quadrupole-Dipole (QQD) system with the dipole 
magnet having a bending angle of 55o. The un-analyzed beam is measured in a Faraday cup placed 
before the dipole magnet (FC1) and a second Faraday cup (FC2) placed at the focal plane of the 
separator measures the isotopically separated beam. The stable isotope pilot beam is propagated 
initially and QQD parameters are changed to resolve 39K+, which is isotopically most abundant. The 
RIB 43K+ beam is transported while keeping the QQ parameters same as that of 39K+ but analyzing 
magnet current is changed to a pre-calculated value for resolving the exotic species.  The 43K+ beam is 
allowed to get collected on a catcher foil positioned on FC2 at the focus of the mass separator magnet. 
The gamma-ray at energies of 617 KeV and 373 KeV from the decay of 43K were measured at the 
entry of the ion-source and at FC2. The measured beam intensity for 43K was 1.2x105 particles per 
second which is almost two orders higher than our previously measured intensity with the 6.4 GHz 
ECR ion-source.  The measured gamma-ray spectrum for 43K is shown in Fig. 1. 

 
Figure 1: Measured gamma-ray spectrum from the decay of 43K showing distinct γ-ray peaks at 373 and 617 keV is 

shown. The detector was placed near to the position of FC2 placed at the focal plane of the isotope separator. 
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Supervisor: Dr. Sarmishtha Bhattacharyya, VECC, Kolkata. 
 

3 Ajit Kumar, “Development and Performance studies of GEM based tracking detectors for 
Compressed Baryonic Matter (CBM) experiment at FAIR”, Doctor of Philosophy in Science 
2021, Homi Bhabha National Institute (HBNI). 
Supervisor: Dr. Anand Kumar Dubey, VECC, Kolkata. 
 

4 Soumen Nandi, “Experimental Study of Shape Evolution in Nuclei Near Z=82”, Doctor of 
Philosophy in Science 2021, Homi Bhabha National Institute (HBNI). 
Supervisor: Dr. Gopal Mukherjee, VECC, Kolkata. 
 

5 Sumit Kumar Saha, “Jets in proton-proton, proton-lead and lead-lead collisions at the 
CERN Large Hadron Collider", Doctor of Philosophy in Science 2021, Homi Bhabha 
National Institute (HBNI). 
Supervisor: Dr. Subhasish Chattopadhyay, VECC, Kolkata. 

6 Sanchari Thakur, “Near side jet yield from two particle identified triggered correlation in 
PbPb collisions at 5.02 TeV ALICE”, Doctor of Philosophy in Science 2021, Homi Bhabha 
National Institute (HBNI). 
Supervisor: Dr. Subhasish Chattopadhyay, VECC, Kolkata. 
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6.4 Events & Other Activities 
 

1. Theme Meeting on “Science and Engineering of Materials using Ion Beams” organized jointly 
by UGC-DAE Consortium for Scientific Research, Kolkata Centre & Variable Energy Cyclotron 
Centre on July 16, 2021 Via Video Conferencing. 
 

2. वैज्ञािनक संगो ठी in Hindi on मौिलक िवज्ञान और उसके सामािजक अनुप्रयोग dedicated to celebrating 

Azadi Ka Amrit Mahotsav organized by Variable Energy Cyclotron Centre on December 17, 
2021. 
 

3. Theme meeting on Nuclear Lifetimes, Transitions and Moments (NLTM2022) organized by 
Variable Energy Cyclotron Centre during February 01-03, 2022. 
 

4. Indian Particle Accelerator Conference (InPAC-2022) organized by Variable Energy Cyclotron 
Centre during March 22-25, 2022. 

 
5. VECC has participated and represented Department of Atomic Energy in 24th National Science 

Exhibition held at Science City, Kolkata-700 046, organized by the Central Calcutta Science & 
Culture Organization for Youth from October 28-31, 2021 and 8th Indian National Exhibition cum 
Fair at Patuli from February 24-28, 2022 organized by Bengal Human Resource Development. 
General public of the age from 12 to 70 years, mostly students, interacted with the demonstrators 
in good number and were curious to learn about nuclear energy, radiation, Medical Cyclotron, 
Particle Accelerators and their other applications. 
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6. National Science Day 2022 was celebrated by VECC, Kolkata, on March 01, 2022. (Online 
mode). The theme of this year was integrated approach in science and technology for a 
sustainable future.  Around 50 Students participated in the online program on WEBEX platform  
from all over the country. Dr. Amit Roy, former director, IUAC Delhi, delivered a popular lecture.  
The students also participated in the debate competition on the topic “Technology, rather than 
science will drive to sustainable future”. 
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6.5 Awards & Homours 
 

1. DAE Group Achievement Award – 2020 
 “Installation, commissioning and data taking with GEM chambers at the mini-CBM 

experiment at FAIR, Germany”, Group Leader: Dr. Subhasish Chattopadhyay, EHEP&A 
Group, VECC. 

 “Design, Development, installation and commissioning of High power RF amplifier for 88 
inch Room temperature cyclotron at VECC”, Group Leader: Shri Aditya Mandal, ATG, 
VECC. 

2. DAE Scientific & Technical Excellence Award – 2020 
 Dr.(Smt.) Gayathri N. Banerjee, VECC 
 Shri Partha Dhara, VECC  
 Smt. Sudeshna Seth, VECC 

3. DAE Young Scientist/Engineer/Applied Scientist & Technologist Award – 2020 
o Shri Dipta Pratim Dutta, VECC 
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1. Officers/Employees retired within April 2021 to March 2022 

GO 

Sl. 
No. 

NAME DESIGNATION CC No. 
DATE OF 

RETIREMENT 

1 SMT. K. A. PADMANABHAN DCA 801/513 31-05-2021 

2 SHRI MD. SAHIDUL ISLAM SEC.OFFICER 801/539 31-10-2021 

3 DR. MD. HAROON RASHID SO/H 801/187 28-02-2022 

 
NGO 

Sl. 
No. 

NAME DESIGNATION CC No. 
DATE OF 

RETIREMENT 

1 SHRI BIKASH DEBNATH SR.S.GUARD 807/676 30-06-2021 

2 SHRI ANIMESH SARKAR FIREMAN/E 807/763 31-07-2021 

3 SHRI SAMARES KUMAR MANNA SA/F 807/490 30-11-2021 

4 SHRI DILIP DAS TN/G 807/649 28-02-2022 

5 SHRI KEDAR NATH SARKHEL SA/F 807/540 31-03-2022 

 

2. Officers/Employees newly joined VECC within April 2021 to March 
2022 

GO 

Sl. 
No. 

NAME DESIGNATION CC No. 
DATE OF 
JOINING 

1 SHRI VIKASH SAHOO SO/C 801/543 01-11-2021 

2 SHRI SOUMEN PODDER SO/C 801/545 01-11-2021 

3 KUM. AKANKSHA AGARWAL SO/C 801/546 01-11-2021 

4 KUM. SOUMITA CHAKRABORTY SO/C 801/547 01-11-2021 

5 SHRI ABHISHEK DUTTA SO/C 801/548 01-11-2021 

6 SHRI SHUBHAM TRIPATHI SO/C 801/549 01-11-2021 

NGO 

Sl. 
No. 

NAME DESIGNATION CC No. 
DATE OF 
JOINING 

1 SHRI DEBABRATA MANDAL TN/B 807/1021 02-09-2021 

2 SHRI ARINDAM MONDAL TN/B 807/1022 02-09-2021 

3 SHRI ANUPAM MAITRA TN/B 807/1023 02-09-2021 

4 SHRI SANDEEP TN/B 807/1024 02-09-2021 

5 SHRI SUMAN DAS TN/C 807/1025 02-09-2021 

6 SHRI ADITYA KUMAR TN/B 807/1026 02-09-2021 

7 SHRI MANAS KUMAR MISHRA TN/B 807/1027 02-09-2021 
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8 SHRI SWAPNIL GAUTAM SAWALE TN/B 807/1028 06-09-2021 

9 SHRI RAJAT KARMAKAR SA/C 807/1032 06-01-2022 

10 KUM. SWADHITI MAJI SA/C 807/1033 06-01-2022 

11 SHRI TAMAL ROY SA/C 807/1034 06-01-2022 

12 KUM. ANAMIKA PALLAVI SA/C 807/1035 06-01-2022 

13 KUM. SUNITA HANSDA SA/C 807/1036 06-01-2022 

14 SHRI RUPESH KUMAR SA/C 807/1037 06-01-2022 

15 SHRI NEERAJ SA/C 807/1038 06-01-2022 

16 SHRI SUMIT KUMAR SA/C 807/1040 10-02-2022 

17 SHRI SHANKAR KUMAR SA/C 807/1041 04-02-2022 

18 SHRI CHANDRASHEKHAR P.D. SONI SA/C 807/1042 05-02-2022 

 

3. Officers/Employees joined VECC on transfer within April 2021 to 
March 2022 

GO 

Sl. 
No. 

NAME DESIGNATION CC No. 
DATE OF 
JOINING 

TRANSFER 
FROM 

1 SHRI T.G. RAVEENDRAN CAO 801/537 12-04-2021 DCSEM 

2 SMT. TANUSREE S. PAUL AD(OL) 801/538 27-04-2021 BARC 

3 SHRI DEEPAK VASANT SHIRKE DCSO 801/540 29-07-2021 BARC 

4 SHRI AROOP BANERJE AO-III 801/541 09-08-2021 DCSEM 

5 SHRI SNEHASIS BHATTACHARYA SEC. OFFICER 801/550 02-12-2021 AMD 

6 SHRI UTPAL BERA SO/D 801/551 27-12-2021 BARCF 

7 SHRI V.S.N.V.R. KRISHNA KANTH APO 801/552 30-12-2021 BARCF 

8 SMT. VIMLA A. TOLANI APO 801/553 21-01-2022 AERB 

 
NGO 

Sl. 
No. 

NAME DESIGNATION CC No. 
DATE OF 
JOINING 

TRANSFER 
FROM 

1 SMT. SOMA SARKAR ASST. 807/1020 13-07-2020 AMD 

2 SHRI RAJKUMAR PRADHAN S.GUARD 807/1029 22-11-2021 RRCAT 

3 SHRI SANTOSH KUMAR SA/E 807/1030 27-12-2021 NFC 

4 SHRI ANAND KUMAR TN/F 807/1039 31-12-2022 NFC 

5 SHRI SHAHZADA FAHAD ASO/A 807/1043 21-02-2022 RRCAT 
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4. Officers/Employees transferred to other unit from VECC within April 
2021 to March 2022 

GO 

Sl. 
No. 

NAME DESIGNATION CC No. 
DATE OF 

TRANSFER 
TRANSFER 

TO 

1 SHRI KALAVALAPUDI SRIHARI SO/D 801/438 24-12-2021 BARCF 

2 SHRI C.V.S. SASTRY AO-III 801/498 18-06-2021 AMD 

3 SHRI V.A. BHOITE APO 801/520 07-01-2022 BARC 

 
NGO 

Sl. 
No. 

NAME DESIGNATION CC No. 
DATE OF 

TRANSFER 
TRANSFER 

TO 

1 SHRI RAMESH RASALA SA/D 807/885 24-12-2021 NFC 
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