
Executive Summary: 

 
This year saw several significant developments in the RIB project. Radioactive ion beam 

(RIB) of 111In (Indium-111) was accelerated with factor of ten enhanced intensity and utilized 

for first user experiment that was aimed at studying variation of nuclear beta-decay rates in 

various matrixes such as gold and silicon. Also, using ion-beams from the RIB facility, a new 

technique was demonstrated for broad ion beam based, mask less, low cost and fast nano-

patterning with potential applications in electronic, magnetic, optical and mechanical nano-

devices. In a separate experiment, role of electron momentum re-distribution in Fe-based 

superconductors was studied for the first time using positron annihilation spectroscopy. In 

another interesting study, p-type conductivity in arsenic doped dilute magnetic semiconductor 

zinc oxide (ZnO) was examined. On the technology front, the main emphasis was on 

indigenous technology development related to superconducting electron linear accelerator 

and heavy-ion linear accelerator components.  

Prototype development, fabrication and testing of the 650 MHz, β=0.61, aluminium 

cavity, the niobium half-cells and beam pipe for the work on the single cell Superconducting 

RF cavity has been started and the assembly is at an advanced stage. 

The various sub-modules of the 0.6MJ Superconducting Magnetic Energy Storage 

(SMES) system was integrated with chopper-VSI power conversion system to function as a 

DVR and was successfully demonstrated on load for voltage sag mitigation. 

Towards societal applications of radio-technology, VECC has collaborated with 

BRIT, Kolkata to develop an economic semi-automated PC controlled module 99mTc-TCM-

AUTOSOLEX for preparation and use of [99mTc]pertechnetate  using (n,γ)99Mo in hospital 

and has started clinical trials of the product also. The collaboration has also developed a PC 

controlled semi-automated 99mTc-TCM-AUTODOWNA for preparation of  pharmaceutical 

grade 99mTc by anion exchange  (Dowex-1) column and alumina column using nitric acid as 

part of the IAEA Coordinate Reaearch Project (CRP) on direct production of 99mTc in  

cyclotrons. 

The experimental nuclear physics programs have been carried out extensively during 

this year using the light ion beams from K-130 cyclotron at VECC with different state of the 

art new detection system available at the centre.  The critical behavior of Giant Dipole 

Resonance (GDR) in mass A~100 region has been probed up to very low temperature using 

alpha beams from K=130 cyclotron and Large Modular BaF2 detector array (LAMBDA), 



developed in-house. Alpha induce fission reaction of 235U has been utilized to produce 

neutron-rich Iodine isotopes and corresponding decay measurements have been carried out 

using the new Clover HPGe and segmented Planer HPGe detector setup at VECC.  

Theoretical studies  on nuclear astrophysics, fission dynamics,  transport model calculations 

on cluster distributions in intermediate energy nuclear reactions, evaluations of transport 

coefficients of hot hadrons and calculations of triangular flow of thermal photons from quark 

gluon plasma were performed.  A new framework to yield the statistics of dislocation pinning 

at defects has been developed for material science study.  Radiation damage studies of reactor 

cladding materials have been successfully carried out in collaboration with BARC, using the 

proton beam of K=130 cyclotron of this center. 
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• Factor of ten enhancement in intensity of radioactive ion beam (RIB) of 111In 

(Indium-111) for user experiments 
 

The isotope 111In has a half-life of 2.8 days and is widely used radioactive probe. With the 

optimized plasma sputtering technique a factor of ten enhancement in intensity compared to 

last year was achieved. First, the radioactive isotope of Indium was produced by bombarding 

natural silver target with alpha-particle beams from the K130 cyclotron. The chemically 

separated radioactive sample was thereafter subjected to plasma sputtering in the ECR ion-

source of the isotope separator. Finally the pure beam of 111In with an intensity of twenty 

thousand particles per second was implanted in the sample being studied with a total dose of 

around 109 atoms. The first user experiment was recently done using this beam. In this 

experiment the change in beta-decay rate, which is of fundamental importance in nuclear 

astrophysics, is being examined for 111In by implanting it in different environment such as 

gold and silicon matrix.   
• Broad ion beam based, mask less, low cost and fast nano-patterning for electronic, 

magnetic, optical and mechanical devices. 

We have recently demonstrated a method that allows patterning of isolated nano arrays by 

broad ion beam implantation without any mask and/or lithography. Large area patterned Si 



substrate with sinusoidal or triangular surface profile have been first fabricated by broad 

oxygen ion bombardment at 60o with respect to the surface normal. Further implantation by 

iron ion beam on the patterned substrate could selectively deposit projectile atoms at the front 

face of the sinusoidal or triangular ripples. Consequently, one gets a self-organized periodic 

array of conducting and magnetic striped nanostructures having several micron lengths and a 

typical width of 50 nano-metre arranged with a lateral separation of around 200 nano-metre 

(Figure 1). The key feature of this method is that the projectile atoms are inserted and 

restricted at specific sites without any mask. 

This method has potential applications in mask less, low cost and fast nano-patterning 

for fabrication of electronic, magnetic, optical and mechanical nano-devices. This method can 

produce striped as well as regular isolated conductive or magnetic dot patterns using suitable 

prefabricated structures.  This ion beam based technique is highly flexible and controllable 

with respect to the implanted species, implantation depth and concentration. Further, the 

present method of synthesis does not require any protective layer deposition as the desired 

atomic species is implanted at the subsurface layers and protected from the external 

environment and contamination. Further, with this process large area nano-patterns can be 

potentially realized eliminating the need for multistep ion-beam processes used currently. 
 

 
Figure .  Implantation of Fe ions on an Oxygen ion induced pre-fabricated triangular shaped patterned Si surface results in a 
self-organized periodic arrays of striped magnetic nanostructures. Above shows Atomic Force Microscope (AFM) and 
Transmission Electron Microscope (TEM) images of patterned Si surface produced by 8 keV O+ ion bombardment and 
subsequent 36 keV Fe3+ ion implantation. (a) Sinusoidal ripple structure and (b) Triangular ripple structure, (c) cross 
sectional XTEM and (d) corresponding composite image showing Si (red) and Fe (green) acquired using EFTEM mode. (e) 
High resolution cross-sectional TEM images of pony bean like Fe particle seating on the front side patterned Si surface and 
(f) Fourier filtered image from edge of Fe particle (shown in inset) from dotted box region. Cross-sectional (g) atomic force 
and (h) magnetic force microscopy of the 36 keV Fe implanted patterned Si surface. Corresponding topographic (upper) and 
magnetic (lower) profiles along the line drawn on (g) and (h), respectively is shown in (i). 



• Role of electron momentum re-distribution in Fe-based superconductors 
 

This study was aimed at examining the role of low momentum electrons in the 

superconductivity of iron based superconductor Ba(Fe0.943Co0.057)2As2 using the technique of 

positron annihilation spectroscopy. Ba(Fe0.943Co0.057)2As2 is superconducting with critical 

temperature Tc of 19.5 Kelvin whereas BaFe2As2 is non-superconducting. Single crystals of 

Ba(Fe0.943Co0.057)2As2 and BaFe2As2 were examined by coincidence Doppler Broadening of 

Positron Annihilation Radiation Line-Shape (coincidence DBPARL) down to temperature of 

14 Kelvin. To our knowledge this is the first reporting of positron probing of any Fe-based 

superconductor.       

As the two samples are cooled down towards the Tc, a sharp decrease of S- the line-

shape parameter is seen for Ba(Fe0.943Co0.057)2As2 close to the critical temperature. The S-

parameter gives the fraction of suitably defined low momentum electrons as probed by the 

positrons. No such decrease of S-parameter for the BaFe2As2 sample indicates the effect to be 

induced by superconductivity. The ratio curve analysis of the coincidence DBPARL spectra 

suggests that in the superconducting state the positrons are annihilating more with the 5s and 

4d electrons of Ba than with the 3d electrons of Fe and Co indicating that the later are the 

ones forming the cooper pairs. In addition, a novel double measurement of coincidence 

DBPARL for the a-b plane and planes normal to the a-b plane of the single crystalline sample 

shows a nearly isotropic distribution of the lower electron momentum in this Fe-based 

superconductor. 

 
Figure . Temperature dependent variation of positron annihilation S-parameter for the non-superconducting 
BaFe2As2 and superconducting Ba(Fe0.943Co0.057)2As2 single crystalline samples. 



• Observation of p-type conductivity in As doped ZnO  
 

Zinc oxide (ZnO) is a promising semiconductor material with potential applications, for 

example in optoelectronic devices, spintronics materials and hybrid solar cells. Synthesis of 

p-type ZnO and p–n junction are the key factors in practical device fabrication. However, 

reliable p-type doping of ZnO remains a major challenge and the physical reasons for its 

mostly n-type conductivity are still under debate. Recently, there have been several reports on 

the fabrication of p-type ZnO films by doping group V elements such as nitrogen, 

phosphorous, arsenic and antimony. However, their chemical bonding and physical behaviour 

in the lattice are still not well understood. Out of these elements, nitrogen has been regarded 

most suitable impurity for p-type doping because of its similar ionic radius to oxygen. But 

experimental efforts by various groups have not resulted in stable and reproducible p-type 

material yet. 

We have also examined the effect of nitrogen doping by implanting 1.4 MeV N3+ ion 

beam accelerated in the 3.4 meter long RFQ of the RIB facility. The results indicate a room 

temperature ferromagnetic ordering in N implanted ZnO sample however the conducting 

characteristics were of n-type semiconductor.  In recent experiments however, we have seen 

p-type conductivity in ZnO films grown on semi-insulating GaAs substrate. This has also 

been supported by ab initio calculations indicating that spin polarized magnetization can be 

induced due to formation of AsO or, AsZn-2VZn defects. SQUID results also showed that room 

temperature ferromagnetism has been induced in the sample with a value of 0.83 emu/ g 

(Figure 3). The XPS results indicated that AsZn-2VZn complex has been formed, whereas no 

signature of AsO was found in the spectra.  

The Hall measurement results shows that the conductivity of the samples has been 

change from n-type to p-type with an average hole concentration of 1.1 x1018 cm-3 and 

resistivity of 6.84 Ω-cm. the above observations give clear signature for p-type conductivity 

and room temperature ferromagnetic ordering in the present sample of As:ZnO. 

 



 
Figure . Room temperature magnetization hysteresis loop of As:ZnO film annealed at 500 deg-C. Inset shows the 
magnetic properties of pristine ZnO. 

 

• Indigenous technology development related to superconducting electron linear 

accelerator and room temperature radio-frequency accelerator cavities. 
 

VECC is developing a superconducting electron linear accelerator (e-Linac) based on 1.3 

GHz srf technology in collaboration with TRIUMF (TRI University Meson Factory) in 

Canada. In the first phase, a 10 MeV injector that comprises an electron source and two 

superconducting cryo modules - a Capture Cryo Module (CCM) consisting of two 1-cell 

niobium beta=1, 1.3 GHz niobium cavities and an injector cryo-module (ICM) which will 

house one 9-cell, 1.3 GHz niobium cavity are being built. For the VECC machine, the 

electron source and the first CCM will be indigenously made in Indian industry whereas the 

ICM is being built at TRIUMF. A test area has been set-up at TRIUMF for testing the ICM. 

The physics and engineering design of the e-Linac as well as installation and tests of the 

injector and ICM at TRIUMF are being done jointly by VECC & TRIUMF physicists and 

engineers.  

 

Figure . VECC engineer participating in assembly of injector cryo module at TRIUMF 



 

Figure 5. Assembled 9-cell niobium cavity string of injector cryo module at TRIUMF 
 

A test setup has been designed and developed for evaluating the effectiveness of the 

conversion of the 4K LHe to 2K in the 4K-2K insert. The set up will also be used for 

evaluation of the overall performance of the cryogenic layout and thermo-syphon circuitries 

designed for the cryo-modules.  

In the RIB facility heavy-ion beams will be accelerated beyond 1 MeV/A using 

superconducting heavy-ion linear accelerators. The linear accelerator will have QWRs 

(quarter wave resonators) housed in a cryostat. While the QWRs will provide the required 

acceleration gradient there will also be transverse defocusing of the beam and to counteract 

this one has to place powerful solenoid magnet focusing lens within the cryostat. A compact 

superconducting solenoid has been designed for the purpose. The solenoid will have the 

required focusing strength of 9 Tesla; however the field should not extend much beyond the 

physical length of the solenoid to assure that the stray field on the surfaces of the adjacent 

superconducting RF cavities does not cross the critical value.  
 

As a part of upgradation of Beam Transport System (BTS) control system, the 

philosophy of computerized distributed control and monitoring has been implemented with 

our experiences of manual operation taken into account. The BTS vacuum system of RTC is 

comprised of many vacuum pumps, high vacuum valves, beam line gate valves and several 

vacuum gauges distributed over cyclotron vault and caves. This system is indispensible for 

maintaining high quality vacuum in BTS to ensure the quality of the accelerated beam while 

transporting it from the cyclotron to the experimental target. Therefore, an Ethernet enabled 

state-of-the-art PLC based control system is commissioned, replacing the relay based system, 

to enhance the operational reliability and availability of the system. This system facilitates 

remote monitoring and operation of the vacuum system through Supervisory Control. The 

K130 Cyclotron BTS Vacuum control system upgradation  



system is designed to cater the future requirement of forth beam line to be used for RIB 

system. 

An optimally designed integrated local control panel is provided for in-situ module-

wise monitoring and control of all the vacuum components distributed among several 

channels of BTS vacuum system. This panel plays a crucial role during commissioning and 

periodic maintenance of the system. The operational logic incorporates the necessary 

interlocks for safe operation of the field components and hence ensures the overall vacuum 

level of the BTS system. Since the operation of the cyclotron depends on main machine 

vacuum and BTS vacuum, few crucial parameters of the main machine are also used to 

develop the operational interlock. The in-house developed supervisory control system 

provides facilities of on-line trending, audio-visual alarms, user authentication based 

operation etc. along with remote monitoring and control of the system. The operator interface 

of the main machine vacuum system is upgraded to incorporate the BTS system ‘mimic’, as 

shown in Figure 1, for ease of operation. The installation, testing and commissioning of the 

system is completed successfully. 
 

 
Figure 1: Remote Operator interface of BTS vacuum system 

 

Under Indian Institute Fermilab Collaboration (IIFC), R&D on the design and 

development of 650 MHz, β=0.61, Superconducting RF linac cavity has been going on. 

650 MHz, β=0.61, Superconducting RF linac cavity 



On successful completion of fabrication of single-cell prototype 650 MHz, β=0.61, 

aluminium cavity, a five cell 650 MHz, β=0.61, linac cavity (as shown in Fig.1) has been 

designed and its copper prototype fabrication was done. 10 nos. of elliptical shape, 4 mm. 

thick half cells of  copper cavity,  2 nos. of  4 mm. thick,  I.D. Ø 96 mm. x 150 mm. long pipe  

and 1no. of  4 mm thick, I.D. Ø 72.9 mm. x 250 mm. long pipe have been fabricated. Deep 

Drawing of copper sheet to form half cell was done using hydraulic press. 
 

 
Fig.1. Five-cell 650 MHz, β=0.61 elliptical shape prototype copper cavity 

 

Using an automated bead pull system (already developed), RF electric field 

measurement has been carried out on the beam axis for 5-cell copper prototype cavity and 

five modes (from mode-4 to mode-0) have been measured at 651.395 MHz, 649.46 MHz, 

647.055 MHz, 645.14 MHz and 643.61 MHz respectively (see Fig.2). The desired 

accelerating mode, i.e., π-mode or mode-4 is located at 651.395 MHz.  
  

 
Fig.2. Plot of Frequency vs. Mode Number (for 5-cell, β=0.61, 650 MHz elliptical cavity) 

 

The niobium half-cells and beam pipe for the single cell SRF cavity has been 

fabricated (as shown in Fig.3) from the ultrapure niobium sheet with dimensions of 600 

mm. x 600 mm. x 4 mm. and RRR value greater than 300. These two niobium half-cells 



and beam pipes will be electron-beam welded soon  to construct a single-cell β=0.61, 650 

MHz elliptical SRF linac cavity. 
 

        
Fig.3. Fabricated niobium half cells and beam pipes for single-cell β=0.61, 650 MHz elliptical cavity 

 

Cryogenic Plant and Instrumentation Section is responsible to operate cryogenic plants 

uninterruptedly so that the cryostat and cryopanels of the superconducting cyclotron (SCC) 

can be kept cooled at liquid helium temperature. There are two helium liquefiers of 

refrigeration capacity 250 W and 415 W at 4.5 K without LN2 precooling. Uninterrupted 

operation can be achieved by connecting any of them to the SCC, while the other is at 

regeneration mode or under maintenance. It is already clear that the entire cryogenic load of 

the superconducting cyclotron for two main magnet coil currents 587 A and 457 A could be 

catered by either of the liquefiers. If there is a provision of online regeneration of the 80K 

adsorbers of the cold box then the down time of the liquefiers can be reduced significantly. 

Therefore, it is necessary to study the modification of the cold boxes in order to add 

online regeneration system inside the cold box. A steady state simulation as reported 

in figure 1 has been performed for studying and modifying the thermodynamic 

process of the liquefier so that the suggested modification can be accommodated. The 

feasibility study of adding one more JT valve for increasing the yield is going on to 

enhance refrigeration capacity of 250 W helium liquefier. This requires an addition of 

one more heat exchanger which is to be designed separately. The suggested 

modification of the Process and Instrumentation Diagram is shown in figure 2. The 

simulation of the modified process and specification for seventh heat exchanger are 

under progress. 

Activities of the Cryogenic Plant and Instrumentation Section 
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  Figure 1. Simulation result of helium liquefier of 
capacity 50 l/h without LN2 precooling with 
regeneration mode value in bracket at different 
stream positions. 

 

Figure 2. Modified Process of the helium liquefier with online adsorber regeneration facility and 

introduction of additional JT valve and a new low-temperature heat exchanger. 

 



Innovative Conditioning of Storage Vessel at VECC during commissioning to 

obviate helium gas scarcity 
 

Inventory of helium gas needs to be maintained for continuous operation of the cryogenic 

system of  Superconducting Cyclotron (SCC) at VECC, for which liquid helium (LHe) hold 

up in the system is around 1500 litres, equivalent to 1125 Nm3 helium gas. The pure helium 

gas is stored in three buffer tanks (BT-1, BT-2 & BT-3) of capacities 20, 60 and 60 cu. m. 

with maximum and minimum operating pressures of 14 bar(a) and 3 bar(a) respectively. 

These pressures are defined by the set points of pressure control loop of helium liquefiers. 

The minimum pressure requirement and cold gas in the system necessitate minimum hold-up 

of helium gas of 850 Nm3 from total capacity of 1960 Nm3. The balance quantity of gas in 

the system is only 1710 Nm3, not enough to cater the emergency requirement of SCC and 

other users. Therefore, a new buffer tank (BT-4) of 60 m3 W.C. at 25 bar(g) maximum 

operating pressure is installed and commissioned, to maintain sufficient inventory.  Figure 3 

and figure 4 show the total installed liquid nitrogen and helium gas storage facility, 

respectively. 

  
Figure 3 & 4: Three Liquid Nitrogen vessels along with newly commissioned fourth one of 15 kL Capacity (left), 

Three old buffer tanks along with newly commissioned fourth buffer tank of 60 M3 water capacity with maximum 

operation pressure 25 bar(a) 
 

As there was scarcity of helium gas during commissioning of the new buffer tank, it was 

decided to use dry nitrogen for moisture removal as well as pneumatic pressure test. The BT-

4 tank is fitted with two nos. safety relief valves (SRV) and one rupture disc with marked 

burst pressure 28 bar(g) at 30° C. During the process of initial pressure test, the rupture disc 

burst at 26.156 bar(g) at 28.8° C, because the operating pressure exceeded 90% of the burst 

pressure limit.  



As per SMPV rules, the tank is to be pressure tested pneumatically at 1.1 times of 

MAWP/Design Pressure, i.e. at 30.80 bar (g) once in every five years. On each occasion it is 

not feasible to open the tank for changing / blanking off rupture disc, as no contamination is 

allowed for helium filled vessel without conditioning. Therefore, a special permission was 

obtained from Chief Controller of Explosives, PESO, Nagpur for permanent blanking of 

Rupture Disc port and keeping both the SRVs in service.  One of the SRV spring was 

changed to a new pressure setting of 31.0 bar(g) during pneumatic test and was kept 

connected, to avoid any inadvertent pressure build-up in the tank. After the test, the spring 

setting of the SRV was changed to the original one, for normal operation. 

Then, process of evacuation of tank and charging nitrogen from liquid nitrogen (LN2) storage 

vessel upto 1.0 bar(g), was performed several times for attaining moisture level below 50 

ppm. For helium leak test, BT-4 was first filled with dry nitrogen upto 0.80 bar(g) and then 

pressure was raised to 1.20 bar(g) with Grade 4.5 helium. The helium leak test of vessel was 

performed as per ASME Sec V and individual leak rate of each joints for vessel, nozzles, 

valves & interconnecting piping was found less than 1 x 10-6 mbar l/s. After this moisture 

content of the gas was found to be 35 ppm. 

Then tank was evacuated upto 20 mbar(a) by a rotary-vane vacuum pump and filled with 

helium to 1.10 bar(a). This process can only be managed by oil-free vacuum pump, 

subsequently connected to gas bag and recovery compressor, to avoid any loss of helium gas. 

But this two-stage process is a time consuming one. So, it was decided to make a closed-loop 

cycle comprising of gas bag, where BT-4 gas is to be released; recovery compressor; LN2-

cooled purifier and BT-4. Any excess gas required was taken from impure gas quad, purified 

and fed to BT-4 to raise the pressure upto 2.0 bar(g). This process was repeated five times, 

resulting in gradual improvement of purity level with final impurity values as,  H2O = 5.0 

ppm, N2 = 10.0 ppm, O2 = 0.10 ppm. This level of impurity in helium is finally acceptable for 

feeding to helium liquefier’s requirement of total impurity level less than 50 ppm.   

The above method of conditioning the helium vessel has been done without any loss of 

helium gas, which is very costly and scarce now. Also, because of permanent blanking of 

rupture disc periodical pressure testing of the vessel can be done with the stored helium gas 

itself. Figure 2 shows the gradual improvement of nitrogen impurity through every 

purification cycle. 
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Figure 5: Nitrogen impurity in ppm with purification cycles 

 

Moisture measurement in helium in ppm level  

An optical setup has been developed by direct absorption technique to measure moisture in 

different gases. Laser source emanates monochromatic light at different wavelengths from 

1874.5 nm to 1877.8 nm by varying drive current and operating temperature. The laser source 

output wavelength has been varied from 1876.24 nm to 1877.24 nm by varying current from 

60 to 100 A at 32 °C using ramped modulating signal input to the laser driver generated by 

detector electronics. At atmospheric condition with temperature 23 °C and relative humidity 

60% (volumetric ratio of moisture being 0.014), light is splitted into two – one transmitted 

through atmosphere (reference signal) and other (absorbed signal) through an absorption cell 

(optical length 500 mm) containing sample gas with 202 ppmv moisture content in helium. 

Transmitted light intensity is measured for both the cases using Hamamatsu make extended 

InGaAs PIN photodiode 8372-01 with peak sensitivity of 1.2 A/W and indigenously 

developed transimpedance amplifier based on FET-input Op-amp OPA656. The optical setup 

is shown in figure 6 and the oscilloscope traces are shown in figure 7. A transmittance level 

of 0.7, i.e., ratio of measured data and baseline data, has been observed as shown in figure 7. 

It has been validated by hitran 2008 databases. 

 



Figure 6. Developed Optical Setup with different optoelectronic components to measure the moisture 

content in process helium gas. 

 
Figure 7. Optical Traces of the oscilloscope showing the reference signal, absorbed signal and ramped 

signal for laser driver current modulation to pass through the absorbed wavelength 1877.5 nm. 

 

In-house developed and fabricated low temperature two stage ( cascade type ) refrigeration 

units utilizing the combination of  R-404A & R23 refrigerants, which are environmental 

friendly refrigerant having ‘0’Ozone Depletion Potential (O.D.P.), have been successfully 

installed with Diffusion Pump (D.P.) Baffle of Room Temperature Cyclotron. This machine 

reduces the back streaming and improves the vacuum of D.P. after catering low temperature 

at the evaporator-baffle (-60˚C to -70˚C). 

Development of Two-stage Refrigeration units for D.P. Baffle Cooling by AC 

Facility Section  

 
Figure.1 Two Stage Low Temperature machine with D.P. Baffle at K-130 Cyclotron Pit. 



 
Figure.2 Low temperature reading at D.P. baffle. 

 

Electrostatic deflector of K130 cyclotron becomes radioactive due to irradiation of high 

energy beam accelerated in the cyclotron. The septum is the most radioactive part of the 

deflector. During maintenance of the cyclotron, the septum is needed to be removed from the 

deflector assembly and kept in the hot store to reduce the radiation dose of people working in 

that area. The job of handling the septum, however, leads to high radiation exposure of the 

personnel handling the septum. A remote handling device has been designed and developed 

for handling the septum (Fig. 1 and 2). The device is a manually operated spring loaded 

robotic arm which can be operated from a distance of approximately one meter to take out 

and insert the septum in deflector assembly by one person very quickly. The device has been 

designed in such a way that the head goes inside the gap between the two graphite plates of 

the septum and holds the plates and in turn the whole assembly like a clamp. The use of the 

remote handling device for high voltage deflector has reduced the radiation exposure of 

personnel involved in deflector maintenance considerably. 

Design and Development of remote handling device for High voltage deflector of 

RTC 

 
Figure.1: Septum taking out by using Septum Handling Device. 



 
Figure.2: Head of Septum Handling Device 

 

Different types of electromagnets are presently being designed for the low and high energy 

beam line of VEC cyclotrons. ANURIB, the future mega project of VECC shall use a number 

of such electromagnet that requires high field quality. These magnets need to be accurately 

and elaborately mapped before they are placed in the beam line. As part of the project to 

develop this expertise at VECC, a precise 3 axis drive system has been designed and 

developed to move a magnetic field measuring probe (hall sensor/NMR) in a precise manner 

with accurate positioning in 3D space and measure the magnetic field (Fig. 3).  The drive of 

each axis is given by stepper motor and the position is measured by precision linear encoder 

system with resolution of 20 micron and accuracy of 50 micron. Each axis has linear guide 

and ball screw combination to achieve accurate drive. The drive system will have capacity to 

measure magnetic field in a volume of 1500 mm X 1300 mm X 150 mm for a single setting. 

The positional accuracy of hall probe or NMR in 3D is better 0.2 mm for the whole volume. 

This facility can be used for accurate magnetic field mapping of big dipole magnets, 

solenoids etc. The position of each drive is measured 

Design and development of a 3 axis magnetic field measurement facility  



 
Fig.3: 3 Axis magnetic field measurement machine 

 

4.11 Advanced Technologies 

Superconducting Magnetic Energy Storage (SMES) 

 

VECC has undertaken the development of SMES system based Dynamic Voltage Restorer 

(DVR) to address the power quality problem of voltage sag that adversely affects industrial 

processes and critical facilities. The problems generally appear in the form of three broad 

categories that are voltage sags, transients and harmonics. Several critical machines are 

sensitive to any voltage sag or short interruptions in supply and may lead to increased 

downtime and thus inefficient utilization of the systems. 

DVR (Fig. 1) is one of the most effective and efficient compensating type power electronic 

controller used in the distribution network to get rid of or to mitigate the most severe power 

quality problem caused by voltage sags, especially for sensitive loads.  Its major components, 

designed and developed at VECC includes 
 



1. SMES Coil (Fig. 2a): The cryostable superconducting magnet was constructed using 

NbTi based superconductor and vapour cooled current leads to carry DC current of 

800A (max), thus storing 0.6MJ of energy. The coil assembly was being housed 

inside a Standard Magnet Dewar (SMD) with all related instrumentations and coil 

protection system comprising of a quench detection circuit and dump resistor placed 

externally. 
 

2. 2-Quadrant DC-DC Chopper (Fig. 2b): A high current IGBT based DC- DC 

chopper was designed and developed for charging the superconducting coil to its 

constant current of 400A (max) for energy storage and to discharge the stored energy 

to a constant DC-link capacitor voltage of ~80V as required by the VSI. A novel 

topology of “Hysteresis Band Controller” was adopted for proper functioning of the 

chopper in two-quadrant in order to match the power flow demand of the DVR 

system. 
 

3. 3-φ Voltage Source Inverter (VSI) with DSP based control (Fig. 2c): A 10kVA 3-

φ VSI was designed and developed that compensates for the voltage sag in the 

utility mains so as to keep the load voltage constant, deriving power from the chopper 

controlled constant DC bus. A 12-bit multi-channel 12.5 MSPS ADC and 3-φ PT 

based instrumentation samples the input mains and feeds to a DSP based controller 

that ultimately generates the switching signals to the IGBT bridge of the VSI, 

employing pre-sag compensation technique. 

Integration and Functionality test of SMES based DVR 
 

Following integration of the four sub-systems, the demonstration to check for its functionality 

was carried out on a 3-φ load. The superconducting coil with 800kg of cold mass and 

inductance 1.86H underwent rigorous cryogenic tests (Fig. 3) and thereafter cooled down to 

approximately 4.2K by liquid Helium with pool boiling mode of heat transfer. 
 

A programmable power source (California Instruments make 3-φ 300Vac, 16-819Hz, 

45kVA power converter) was utilized to function as the utility input mains. The source was 

started with normal mains that was automatically sensed by the DSP based controller thus 

initiating the system to charging mode and energized the SMES coil. Fig. 4 shows the current 

ramp profiles and the steady state conditions, controlled by the DC-DC chopper. Thereafter 



several simulated voltage sags were generated by the programmable source and the results 

were recorded. Each time during sag the controller switched the system to discharging mode, 

locked the mains phase and compensated the load voltage both in phase and magnitude. The 

recovery of the mains (Fig. 5) was also sensed when the system reverted back to the charging 

mode. 

 

 
Figure 1: Schematic of DVR using SMES coil 

 

                 
Figure 2.  (from left) a). SMES coil, b). DC-DC chopper, c). VSI 



     
Figure 3. (from left) a). Test set-up and b). cool down characteristics of coil 

   
Figure 4: Current ramp up (blue) up-to 150A (extreme left) up-to 200A (middle), up-to 300A (right), 

keeping DC-bus voltage (pink) constant ~ 55V during charging 
 

                 

                 
Figure 5: (top & bottom extreme left) coil current (blue) & DC-bus voltage boost (pink) of ~80V to meet 

VSI requirement during sag, (top & bottom middle) mains voltage (pink), load voltages (blue, yellow), sag 

compensation actuating signal to VSI bridge (green) showing response when sag occurs, (right) same 

magnified to show the transient response 
 

Autonomous Navigation of Mobile Robots in Indoor Environment 

The research towards development of capabilities for autonomous navigation of mobile 

robots in indoor environments has continued. In continuation of a method developed earlier 

for building line segment-based maps of indoor environments by merging line segments 

extracted from registered laser range scans, a method for localization on such maps based on 



the Monte Carlo framework has been developed. The method employs a novel scheme for 

computation of the importance weights to achieve efficient, accurate and robust localization.  

RFID-based Automatic Key Management System 

VECC has achieved significant progress in the development of RFID-based Automatic Key 

Management System in collaboration with M/s Webel Mediatronics Limited, Kolkata. This 

system will cater to the need of providing access of room keys to the authorised employees 

through RFID-based authentication and automatic recording of key transaction details in 

computer database. In this system, keys are normally held in mechanically locked condition 

in the key modules so that no unauthorised person can get access to them. Access to a 

specific key is granted to the respective authorised employee only after his successful 

authentication through RFID-based identity card by the system.  All the major electronic and 

mechanical components of this system like RFID reader module, central control electronics, 

key modules etc. have been developed and tested separately for their intended function. 

Required software for user interface and backend database has also been developed and 

successfully tested with hardware. Development of a full prototype of the production grade 

version of the system with integration of all components is under progress. 
 

4B: Radiation Technologies and their Applications 

4.02 Isotope processing  

Production of 22Na by proton irradiation of natural neon gas target in VECC 

cyclotron 

Regional Centre, BRIT, Kolkata 

Importance of 22Na 

The radioisotope 22Na, emits both positron and high energy gamma ray (β+ = 90.6%; EC-

9.4%), with a half-life of 2.6 years, finds application in many fields. It is widely used for 

calibration of dose calibrators, detectors and other nuclear instruments. It is a convenient 

source for calibration of PET cameras. 22Na is also used in positron annihilation lifetime 

spectroscopy (PALS) to study voids and defects in solids.  

Production of 22Na with proton beam 

22Na can be produced by various methods through the reactions such as natMg(p, x), 27Al(p, 

pαn) or 22Ne(p, n) in a proton cyclotron. However, production through first two routes 



requires a cyclotron which operates at proton of about 70 MeV. With the aim to produce 22Na 

in the upcoming 30MeV (proton) Medical Cyclotron facility in Kolkata, we tried to produce 

this radioisotope in the VECC cyclotron using the 22Ne(p, n)  reaction, which takes place at a 

relatively lower proton energy. 

Our experiment 

A special irradiation chamber was designed and fabricated at VECC to irradiate neon gas at 

10 bar pressure (Target chamber volume ~135cc). Before the gas chamber is used for 

irradiation, it was tested for its integrity, leakproofness by filling it with argon at 12 bar 

pressure. The chamber was also tested for its integrity by filling it with argon at 10 bar 

pressure and heating it at 180oC from outside with heating tape. 

The target chamber was filled with natural Ne gas (99.99%) at 10 bar pressure and was 

properly aligned and fixed with the beam line. Irradiation was carried out with 17 MeV, 5µA 

proton beam for 6 days. Both the target chamber and the upstream SS flange were cooled 

with water (flow rate 9 l/min). 

Recovery of 22Na and its production yield 

Two days after the end of irradiation, the gas from the target chamber was collected in a 4l 

cylinder and 22Na deposited in the inner wall of the irradiation chamber was leached out with 

very dilute solution of NaOH. 300µCi of 22Na was recovered with a production yield of 

0.42µCi/µAh. 

 



 
 

 
 

4.05 Health 

Utilizing the computer controlled semi automated 99Mo/99mTc-TCM-

AUTOSOLEX Module for preparation and use of [99mTc]pertechnetate  using 

(n,γ)99Mo in hospital   



Technetium-99m (t1/2= 6.02h; 140.51 keV (89%), principle γ-emission energy) is a 

well known radioisotope for use in diagnostic nuclear medicine. At first, India have adapted 

MEK-route-processed Tc-99m products which utilizes abundantly available 99Mo(n,γ) 

produced in BARC reactors. 99Mo/99mTc-TCM-AUTOSOLEX is an automated computer 

operated closed cyclic module for separation, purification and recovery   of 99mTc,  using 

methyl ethyl ketone (MEK) solvent extraction technique, from low  specific activity 

(n,γ)99Mo obtained from BARC research reactor.  The module has been indigenously 

developed and manufactured at Regional Centre, BRIT, Kolkata in collaboration with VECC 

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

The part of the  work has been published in Journal of  Radioanal Nucl Chem (2014) 

302:781–790. 

 

Benefits and Economy 

The benefits of the module includes 

• Less chance of radiation exposure to operators.  

• Simple to operate, eliminates chances of procedural error.  

• Less chance of 99Mo contamination.  

• Recovery of MEK (hazardous chemical) excludes environmental pollution (Green 

Chemistry) 

• After each extraction cycle, a fresh cycle can be started on the same day. 

• Much cheaper as compared to Column Generator 

 

The TCM-AUTOSOLEX  module can provide the most economic 99mTc-pertechnetate 

using indigenously produced 99Mo from our research reactor. TCM-Autosolex Generator 

gives enhanced radiological and pharmaceutical safety as well as enhanced capacity to handle 

much larger quantity of Mo-99. 



 

 

Fig 2. The Electronic Control Unit 



 

Fig.3. Image of the screen during operation of the process appears on the computer monitor 

Deployment 

One TCM-AUTOSOLEX module has been installed at RRMC, VECC. Thakurpukur. First 

human study at RRMC, VECC, Thakurpukur was carried out on 22nd October, 2013. The 

patients underwent nuclear imaging successfully using various radiopharmaceuticals tagged 

with Tc-99m extracted by the new TCM-AUTOSOLEX module. 

Five control units, each with a heater, a conductivity detector and associated cables have been 

fabricated and shipped to BRIT, Mumbai for distribution to BRIT Regional Centres. Another 

unit was installed at RMC, BARC, Parel, Mumbai for evaluation and use at RMC. 

Patients studies carried out at Thakurpukur : 

All nuclear imaging were performed on a Dual Head Gamma Camera with SPECT facility, 

fitted with    Low Energy High Resolution (LEHR) Collimators. Static acquisition was done 

using a 256x256 matrix, Dynamic acquisition was done using a 128x128 matrix, Whole Body 

Bone acquisition was done using a 256x1024 matrix. 

Clinical studies were conducted in 2 phases: 

 Phase-I (October to December-2013) [n=71 patients] 

 Phase-II (August and September-2014) [n=55 patients] 



              
Renal Dynamic imaging 99mTc-EC        Hepatobiliary imaging 99mTc-
Mebrofenin 
 
 

                    

Skeletal imaging 99mTc-MDP            Renal cortical imaging 99mTc-
DMSA 

Review of clinical studies of TCM-AUTOSOLEX Module from Nuclear 

Images of various organs in patients: 

 Good concentration of tracer in respective target organs. 

  No free Pertechnetate. 

  Blood background activity within normal limits. 

  No adverse reaction observed in any patient.       
 

 

 

   



Fabrication and utilisation of computer controlled semi-automated 99mTc-TCM-

AUTODOWNA 

A computer controlled semi-automated 99mTc-TCM-AUTODOWNA module has been 

designed, developed and utilized for preparation of  pharmaceutical grade 99mTc by anion 

exchange  (Dowex-1) column and alumina column using nitric acid. 

Under the IAEA Coordinate Reaearch Project (CRP) on direct production of 99mTc in  

cyclotron, separation of technetium radionuclide from the irradiated Mo target by a new 

method was studied and the suitability of the quality was ascertained as compared to those 

produced by standard methods. 

An automated computer controlled   99Mo/99mTc generator based on Dowex-HNO3 technique 

named as TCM-AUTODOWNA has been manufactured and used for evaluation of the 

system by the collaborative effort of BRIT, Kolkata and VECC. 

It utilizes abundantly available 99Mo produced by (n,γ) reaction in BARC reactors.  

The module has been  used for  the separation of  99mTc from (n,γ) 99Mo. Separation 

efficiency  was above 80%. 

The module is also suitable for recovery of 99mTc produced in cyclotron from enriched 100Mo. 

 



 

The module is in use for  the separation of  99mTc from (n,γ) 99Mo. Separation efficiency  was 

above 80%. 

Benefits 

The module is advantageous as listed below. 

 It provides the most economic 99mTc-pertechnetate using indigenously produced 99Mo 

from our research reactor.  

 The separation does not incorporate any organic solvent.  

 In case of cyclotron production, the recovery of the enriched target material is simple. 

 Evaporation of nitric acid is performed under vacuum and trapped in NaOH solution. 



 

(Left panel) Experimental γ-energy spectrum along 
with CASCADE prediction. (Right panel) Linearized 
GDR strength function. 
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5.02 Physics 

Probing the critical behavior in the evolution of GDR width at very low 

temperatures in A~100 mass region 

 Recently, our group at Variable Energy Cyclotron Centre (VECC) has proposed a new 

phenomenological model called the Critical Temperature included Fluctuation Model 

(CTFM). It is proposed that the experimental GDR widths should remain constant at the 

ground state values until a critical temperature (Tc) and  the effect of the thermal fluctuations 

on the experimental GDR width (i.e. increase of the apparent GDR width) should appear only 

above Tc. In order to probe the critical behaviour in A ~ 100 mass region, an extensive 

experiment was performed by bombarding 93Nb target using 4He beams at 28, 35, 42, 50 

MeV from the K-130 Cyclotron. The high energy photon spectra at 42 MeV beam energy is 

shown in Fig 1 along with the linearised GDR spectra for different angular momenta. 

Interestingly, these are the first data points both above and below the critical point in A ~ 100 

mass region. The data have been compared with Thermal Shape Fluctuation Model (TSFM) 

and CTFM in Fig 2. As can be seen, the temperature dependence of the GDR width 

determined from this experiment differs substantially from the commonly accepted adiabatic 

TSFM. On the other hand, the CTFM better explains the trend of the data at this low 



  

Coincidence setup of four Clover HPGe and two 
LEPS (Low Energy Photon Spectrometer) of 
segmented Planer HPGe detectors.  

temperature range pointing towards the universality of the CTFM in explaining the 

temperature and angular momentum dependence of the GDR width. The results were 

published in Phys. Lett. B 731 (2014) 92. 

Decay Spectroscopy of Neutron-rich Iodine Isotopes  

The structure of nuclei around the doubly magic neutron rich 132Sn (Z=50 and N=82) is of 

special importance that gives insight about the evolution of nuclear shell structure of neutron-

rich nuclei. Recently, Physics Group, VECC has taken up a program to study the neutron-rich 

nuclei around 132Sn from fission fragment decay spectroscopy. Fission processes are known 

to be the most efficient routes for the production of neutron rich nuclei in this region. With 

the recent advancement of novel techniques of chemical separation and identification, it is 

now possible to obtain precise information related to a particular nucleus without any 

contamination. In the present work, the neutron-rich Iodine and Tellurium isotopes have been 

produced by alpha-induced fission of 235U. 

Alpha beam of 40 MeV was obtained from 

K-130 cyclotron at VECC, Kolkata and 

incident on a stack of 235U electro-

deposited targets separated by Aluminium 

catcher foils, in which fission products 

were collected. Radiochemical separation 

was carried out to separate Iodine. The 

radioactive solutions of fission products 

before and after the radiochemical 

separation were counted with High Purity 

Gemanium (HPGe) detector to ensure the 

clean separation of respective isotopes. The γ 

rays of neutron-rich Xenon isotopes, populated from the beta decay of various neutron-rich 

Iodine isotopes are identified in the spectra by following the decay half-life of various 

transitions. A γ−γ coincidence measurement has been carried out using a setup consisting of 

four Clover HPGe detectors and two segmented planer Ge Low Energy Photon Spectrometer 

(LEPS) detectors. For the coincidence measurement, 16 channel amplifiers and other 

standard NIM electronics were used to collect data in LIST mode with a VME based data 

acquisition system.  



 
The γ spectrum of Iodine sample obtained with Clover HPGe detector 
showing all decay products. 

 

 

 

 

 

 

 

 

 

Theoretical Physics 

Precise knowledge of nuclear equation of state (EoS) is of fundamental importance in the 
theory of astrophysical compact objects and heavy-ion reactions at intermediate and 
relativistic energies. Any nuclear EoS faces challenges that the high density behavior of 
nuclear EoS and symmetry energy should satisfy the constraints from the observed flow data 
from heavy-ion collisions (most of relativistic EoS fail this test e.g. RMF-NL3) and at the 
same time it should reconcile with the recent observations of the highly massive neutron stars 
(most of Skyrme type non-relativistic EoSs fail this test).  Thus neutron stars provide a testing 
ground for extremely isospin asymmetric EoS for -stable neutron star matter. In order to 
address problems mentioned above, an EoS for symmetric nuclear matter is constructed using 
the density dependent M3Y effective interaction and extended for isospin asymmetric nuclear 
matter. Theoretically obtained values of symmetric nuclear matter incompressibility, isobaric 
incompressibility, symmetry energy and its slope agree well with experimentally extracted 
values. Folded microscopic potentials using this effective interaction, whose density 
dependence is determined from nuclear matter calculations, provide excellent descriptions for 
proton, alpha and cluster radioactivities, elastic and inelastic scattering. The nuclear 
deformation parameters extracted from the inelastic scattering of protons agree well with 
other available results. The high-density behavior of symmetric and asymmetric nuclear 
matter satisfies the constraints from the observed flow data of heavy-ion collisions. The 
neutron star properties studied using β-equilibrated neutron star matter obtained from this 



effective interaction for a pure hadronic model agree with the recent observations of the 
massive compact stars ~2 solar mass such as PSR J1614-2230, but if a phase transition to 
quark matter is considered such agreement is no longer possible for observed rotational 
frequencies. 

The determination of the precise location of the inner edge separating the liquid core from the 
solid crust for the core-crust transition in neutron stars is another important problem which 
can in turn lead to estimate crustal fraction of moment of inertia and study of glitches which 
are driven by the portion of the liquid interior that is differentially rotating with respect to the 
crust. The stability of the β-equilibrated dense nuclear matter is analyzed with respect to the 
thermodynamic stability conditions. Based on the density dependent M3Y effective nucleon-
nucleon interaction, the effects of the nuclear incompressibility on the proton fraction in 
neutron stars and the location of the inner edge of their crusts and core-crust transition 
density and pressure are investigated. The high-density behavior of symmetric and 
asymmetric nuclear matter satisfies the constraints from the observed flow data of heavy-ion 
collisions. The neutron star properties studied using β-equilibrated neutron star matter 
obtained from this effective interaction for a pure hadronic model agree with the recent 
observations of the massive compact stars. The density, pressure, and proton fraction at the 
inner edge separating the liquid core from the solid crust of neutron stars are determined to be 
0.0938 fm−3, 0.5006 MeV fm−3, and 0.0308, respectively. 

Recent observations of SN 2009dc suggest that the exploding white dwarf has a super-
Chandrasekhar mass of about two solar mass or more. White dwarf stars containing strong 
magnetic field, can significantly modify the mass-radius relation. Modification of the EoS by 
a superstrong magnetic field, may provide explanation for peculiar, overluminous type Ia 
supernovae which do not conform to the traditional Chandrasekhar mass-limit. Theoretical 
works establishing EoS of electron degenerate matter strongly modified due to Landau 
quantization at such high magnetic field is in progress. 

 The nuclear fusion reactions are widely used in nuclear physics to produce nuclei far from 
the -stability line and superheavy nuclei, to explore the properties of excited nuclear states 
and the mechanisms of their decay and to study the dynamics of nuclear reactions. Fusion 
cross section has been calculated theoretically by folding the barrier distribution with the 
classical expression for the fusion cross section for a fixed barrier. The energy dependence of 
the fusion cross section, thus obtained, provides good description to the existing data on near-
barrier fusion and capture excitation functions for medium and heavy nucleus-nucleus 
systems. The theoretical estimates for the parameters of the barrier distribution can be used 



for fusion or capture cross section predictions that are especially important for planning 
experiments for synthesizing new super-heavy elements.  

The burning of stars is also associated with reactions involving the sub-barrier fusion of 
nuclei. Also, the theoretical calculations of the deep sub-barrier fusion cross-sections (and 
hence the astrophysical S-factors) for nuclear reactions of astrophysical importance lead to 
the determinations of the nuclear reactions rates that occur in astrophysical environments. 
Study of deep sub-barrier fusion reactions & astrophysical S-factor calculations are being 
pursued. 

Another particularly important problem for which we are looking into is to determine rates 
for the nuclear reactions that occur in astrophysical environments. A major goal of 
nucleosynthesis studies is to determine the specific physical conditions that give rise to 
abundance patterns seen in nature. Improvements of these reaction rates may modify the light 
element abundance yields in BBN and shed some light towards solving the lithium 
abundance problem. In view of the above mentioned facts, calculation of reaction rates of 
astrophysical importance will be performed. 

Pairing induced speedup of nuclear spontaneous fission: The dynamic fission trajectories of 
264Fm and  240Pu have been studied using state of the art self-consistent framework in order to  
elucidate the role of nucleonic pairing on spontaneous fission.  Transport Model Calculations 
in intermediate energy heavy ion collisions: Transport model simulations for central 
collisions performed which allow calculations of fluctuations in larger systems leading to the 
formation of clusters. The cluster distribution is remarkably similar to that found in 
equilibrium statistical models. Hybrid model(Dynamical combined with statistical) developed 
in order to address important observables  of central collisions. Multiplicity distribution of 
hyperfragments: The main motivation of this work is to analyze the composition of fragments 
produced from fragmentation of PLF which has multiple hyperons attached to it. 

The triangular flow parameters of thermal photons produced from  quark gluon plasma has 
been evaluated by using fluctuating initial conditions within the framework of relativistic 
hydrodynamics. The transport coefficients of hot hadrons have been estimated by including 
the thermal effects on the hadronic spectral functions. The drag and difussioncoefficients of 
charmed baryon nad hidden charm hav been evaluated within the framwork of effective field 
theory.  



  
Calculated distribution of pinning at nanovoids are plotted with initial nanovoid data for 
three temperatures. 

New Framework To Yield The Statistics Of Dislocation Pinning At Defects 

Irradiation of materials by energetic particles generates man-sized defects at the atomic 

scale, and their subsequent evolution with other defects affect mechanical behaviour of 

materials at the macroscopic scale significantly. For example, the phenomena like hardening 

and creep are highly influenced by pinning of dislocations by nanosized defects like voids, 

precipitates and bubbles. The basic mechanism of dislocation-defect interactions are widely 

studied in last few decades through numerous experiments, computer simulations and 

analytical modelling. However, a statistical framework is still awaited to incorporate 

complete size-distribution of the defects along with dislocation density to yield the detailed 

statistics of dislocation pinning by defects affecting long term behaviour of materials. In this 

approach, the spatially homogeneous, three dimensional distributions of dislocation lines and 

pinning defects can be taken into account and can be modelled as spherical in shape. 

Application of this model has been illustrated by calculating the pinning statistics for 

experimental data of nanovoid distributions in type 316-stainless steel, which has been 

irradiated (6×1022 neutrons/cm2) at different temperatures (data taken from D. Olander, 

Fundamental Aspects of Nuclear Reactor Fuel Elements, Technical Information Center, U.S. 

Dept.of Energy,VA,1976). An interesting phenomenon of transition from rare pinning to 

multiple pinning regime is revealed with increasing irradiation temperature (as shown in 

Figure). For dislocation density ρ⊥, the mean distance between two adjacent dislocation lines 

can be approximated as ρ⊥
-1/2

. When a nanovoid diameter exceeds this mean distance, it 

would pin multiple segments simultaneously. We observe that the crossover radii for 763K 

and 803K lie close to ρ⊥
-1/2/2 thereby validating the consistency of the above derived 

equation. With more intrinsic parameters at hand, this model can be further modified and 

refined to provide helpful results of physical significance for radiation damage studies. 



 

Radiation Damage Studies on Reactor Cladding Material 

Zirconium based alloys find extensive use as structural materials in nuclear power plants. 

These alloys exhibit a combination of good corrosion resistance, superior high temperature 

mechanical properties, and resistance to irradiation induced dimensional changes. The urge 

for meeting the demands of extended reactor life, high burn up of fuels, higher coolant 

temperature and partial boiling inside coolant channel have led to a worldwide drive in 

development of new zirconium alloys with improved properties. Over the years, binary Zr-1 

wt.% Nb alloy has drawn considerable interest owing to its prominent application as cladding 

material, particularly in Russian Pressurized Water Reactor (PWR) of VVER type. 

  This study has been done in collaboration with MSD, BARC. In this work, an attempt has 

been made using both wide angle X-ray diffraction and synchrotron grazing incidence X-ray 

diffraction (GIXRD) to characterize the micro structural parameters like domain size and 

microstrain within the domains of Zr-1Nb alloy as a function of proton-irradiation dose. The 

main aim of this work has been to investigate the variation of statistically averaged 

microstructure in the irradiated region from surface to bulk as a function of damage energy 

deposition. The X-ray diffraction line profile analysis (XRDLPA) has been used to 

characterize the micro structural parameters in a statistical manner averaged over a volume of 

109 µm3 for wide angle XRD and 106 µm3 for GIXRD. Hence, the bulk damage and near 

surface damage could be assessed by this analysis.  

   For proton irradiation 

experiments the electro-

polished samples were 

mounted on an aluminum 

flange and then irradiated by 

5 MeV proton beam from 

Variable Energy Cyclotron 

(Variable Energy Cyclotron 

Centre, India) using 

aluminium degrader. The 

current on the target was 

2µA. The irradiation doses were 5x1016 protons/cm2 and 7x1017 protons/cm2. The flange used 

for irradiation was cooled by a continuous flow of water. During irradiation, sample 



temperature did not rise above 40oC as monitored by a thermocouple placed in close 

proximity of the sample. The range of protons in Zr-1Nb, and the damage profiles were 

obtained by Monte-Carlo simulation technique using the code SRIM 2000. Maximum depth 

of penetration of the ions was estimated to be 120±3µm. 

The micro structural parameters particularly the domain size and the microstrain within the 

domains have been estimated as a function of irradiation dose and depth by line profile 

analysis of wide angle XRD and GIXRD data. Model-based approaches of XRDLPA like 

Simplified Breadth Method, Williamson–Hall Technique, Double Voigt Analysis, all relying 

on single peak analysis, and modified Rietveld technique, based on whole powder pattern 

fitting, have been used to analyze the micro structural parameters. It is interesting to note that 

the analyses of wide angle XRD data, in comparison to the GIXRD data at low incidence 

angles, resulted in an estimation of higher average volume weighted domain size. Assuming 

the average depth of penetration of CuKα in Zr to be ~ 35–40µm, the wide angle X-ray 

diffraction is expected to probe a volume almost three times than that of GIXRD at low angle 

of incidence. Since the peak damage region is characterized by the presence of rich 

concentrations of vacancies and interstitials, there will be a flow of vacancies away from the 

peak damage region down the concentration gradient. As a result, the mutual recombination 

process will become dominant as compared to clustering of defects at a depth of ~ 35–40 µm. 

Consequently, the size of the coherent domains is expected to be higher in these regions, as 

aptly observed in the present study by wide angle X-ray diffraction. 

 

5.11 International Research Collaboration 

        EHEP&A group. 
 

The research program for the study of Quark-Gluon Plasma (QGP) is on the quest to unearth 

the physics of de-confinement and vacuum, and to get a glimpse of how matter behaved 

within a few microseconds after the birth of the Universe. International collaborations 

continue with the participation in three major experiments: (1) STAR experiment at the 

Relativistic Heavy-Ion collider (RHIC) at Brookhaven National Laboratory, New York, USA 

(2) ALICE experiment at the Large Hadron Collider (LHC) at CERN, Geneva, Switzerland, 

and (3) CBM experiment at FAIR in GSI, Darmstadt, Germany. These experiments explore 

different regions of the QCD (Quantum Chromo-dynamics) phase diagram as shown in the 

figure. 
 



 

Figure 1: Phase diagram of nuclear matter 

In the STAR experiment at RHIC, we have been involved in the beam-energy scan program 

with the aim of locating the QCD critical point, which is a major landmark on the QCD phase 

diagram. Recent analysis by VECC scientists using fluctuations of conserved quantities has 

narrowed down on the possibility of locating the critical point with new data from RHIC. 

Results from RHIC and LHC indicate hydrodynamic evolution of the matter formed in 

relativistic heavy ion collisions. In a scenario where medium undergoes QCD Chiral phase 

transition and rapid cooling, there could be formation of meta-stable domains, which are not 

in thermal equilibrium with its surroundings. Decay of such domains is predicted to give rise 

to anti-correlation between produced charged particles and photons.  

The analysis results, using the data from a combination of - “Made in India”- Photon 

Multiplicity detector (PMD) and the STAR Forward Time Projection Chamber (FTPC) 

shows the presence of a localized anti-correlation in the production of photons and charged 

particles.  The results have already been communicated for publication. 

In the ALICE experiment, the PMD has been conceived, designed, and fabricated by the 

Indian collaboration. The detector has accumulated valuable data for the proton-proton, 

proton-lead, and lead-lead collisions at the LHC. Analysis of the first results on the photon 

multiplicity distributions has been complete and submitted for publication. As an upgrade of 

the PMD for the next phase of ALICE experiment, a new Silicon-Tungsten (Si-W) 

calorimeter has been proposed. This calorimeter is expected to meet the demand of new 

generation of high-energy physics experiment. A prototype mini-calorimeter has been 

constructed as shown in the figure. The performance of the mini-tower was tested using pion 

and electron beams at the CERN Proton Synchrotron (PS).  



 

 

 

 

 

 

Figure 2:  A view of the silicon-tungsten prototype calorimeter. The inset shows the silicon pad detector. 
 

VECC has been playing the lead role in design, simulation, development and fabrication of 

the muon detection system in the Compressed Baryonic Matter (CBM) experiment in the 

upcoming Facility for Antiproton and Ion Research (FAIR). The dimuons originating from 

the decay of low mass vector mesons and charmonia are considered to be highly sensitive 

probes to the medium created in heavy ion collisions at FAIR energy. 

A major milestone has been achieved this year in the form of 

submission and subsequent approval of the Technical Design Report 

(TDR) of this system by the Expert Committee of Experiments of 

FAIR. The TDR written entirely by the VECC team consists of 

discussions on (a) physics of dimuon measurement in CBM (b) 

detector concept and related R&D (c) integration of mechanical and 

readout electronics (d) project planning and costs. 

The muon detector system, also referred to as Muon Chambers 

(MUCH)  in CBM consists of six segmented absorbers with equal 

number of detector triplets placed after each absorber segments. 

Apart from detailed simulation works using GEANT that 

demonstrated the feasibility of the novel detector concept in heavy 

ion collisions at FAIR energy, VECC has worked on development of 

large size (~1 m x ~0.5 m) gaseous detector modules using the Gas electron Multiplier 

(GEM) technology. These advanced detectors have been tested to work at 1 MHz/cm2 rate 

with >90% efficiency. The readout system uses self-triggered electronics capable of handling 

harsh radiation environment. A photo of the large size chamber along with the X-ray spectra 

from 55Fe source is shown in the figure. More such tests with X-rays and with particle beams 

Figure 3. Full Size prototype of 
CBM MUCH. (Inset): 55Fe 
pulse height spectra from the 
lab tests of this prototype. 

Tungsten-Silicon 
Calorimeter 

P t t  Silicon Pad 



at appropriate accelerator facilities followed by detailed data analysis would be carried out to 

study the performance of such a full scale prototype.   

In this year, four theses were defended from the EHEP&A group, two on the STAR 

experiment, one on ALICE and one on the FAIR project. 
 

Head: MP-6 Research Education Linkages 

6.01 Human Resources Development  

HBNI Activities at VECC  
VECC is one of the Constituent Institutions of Homi Bhabha National Institute (HBNI), a 

deemed University. This Centre facilitates conduct of academic programme in Physical 

Sciences and Engineering Sciences.Presently 16 and 48 Ph D students are carrying out their 

Ph D works in Engineering and Physical Sciences respectively at the Centre.  Besides, VECC is 

imparting vocational training to undergraduate B.E/ B.Tech students (around 200 per year) 

of IITs, NITs and different universities across India. 

VECC organizes seminars on Career Opportunities in DAE 
VECC organized a series of seminars titled “Career Opportunities in the Department of 

Atomic Energy” to popularize the OCES/DGFS scheme among the final year engineering 

students of eight engineering disciplines studying in the colleges of Bihar, Odisha and West 

Bengal. The students took a keen interest in the cutting-edge technological activities pursued 

in the Department of Atomic Energy. Each session was followed by a lively discussion 

between the speaker and the students. The particulars of the seminars held at different venues 

are tabulated in Table 1. 

Table 1: Summary of seminars at various venues 

Venue Date of seminar Sessions Speaker 

National Institute of 

Technology Patna, Patna 
30.11.13 1 Dr. D. Sarkar 

Institute of Physics, 

Bhubaneswar 
12.12.13 2 Shri Anirban De 

Jalpaiguri Government 

Engineering College, 

Jalpaiguri 

16.01.14 

& 17.01.14 
1 + 1 

Shri Biswajit Sarkar 

and Dr. D. Sarkar 



Meghnad Saha Auditorium, 

VECC-SINP Campus, 

Kolkata 

21.01.14 4 

Dr. D. Sarkar, Shri 

Biswajit Sarkar and 

Shri Anirban De 

 

 
(clockwise from top left) Q&A session after the seminar at Jalpaiguri Government Engineering 

College on 17.01.14, seminars in progress at IOP, Bhubaneswar on 12.12.13, during two of the 

four sessions held at VECC-SINP campus at Kolkata on 21.01.14 
 

6.05 Information Technology Application Development 

Cloud Computing Initiatives at VECC 
Two nos. of private cloud has been setup to host the IT services at VECC. At one end, the 

developed Storage-as-a-Service helps academicians, scientists and engineers to efficiently 

collaborate by using an e-briefcase service hosted via storage cloud. On the other end, 

Infrastructure-as-a-Service enables IT manager to efficiently utilize the resources. 



• Annapurna (Storage Cloud): The Storage cloud has been developed by using the 

technologies such as Gluster, and open-source software ownCloud. Gluster unifies different 

storages while ownCloud gives an access to the data via web and/or desktop/mobile client. 

Common users are able to create, store and share their files securely using this service and 

research teams can collaborate better utilising its features such as version control, data 

syncing, calendar service etc.  The system has been commissioned and running satisfactorily 

for last several months. 

Meghraj (Infrastructure Cloud): The Meghraj has been developed with the technologies 

such as Gluster and open-source cloud building software, OpenNebula. The Gluster unifies 

the different storages and OpenNebula combines all the computing and memory resources 

using visualization technologies. The combined pool of resources is being efficiently 

managed by web interfaces. IT managers now are able to fine tune the sharing of resources 

among different services. Advanced features such as high-availability have been incorporated 

for critical IT services. The Meghraj has been deployed and tested satisfactorily in October 

2014. A few Intranet services are being hosted via the cloud. Currently the system is going 

through security testing and will be released to users around March 2015. 
 

Backup System for critical IT services 

A backup system has been developed for critical IT Services. The critical data such as 

security logs, application logs/data etc. are extracted from the servers via syslog, rsync, 

SELinux etc and are transferred locally as well as replicated on ANUSAN at BARC, Mumbai 

via rsync technology. In the event of a catastrophe/disaster, the critical data from these two 

different sites will be recovered. 

Audit of the IT Assets of VECC 

Audit of the IT assets of VECC is conducted in every quarter of a calendar year. This is done 

to ensure that the IT services are functioning properly and they adhere to the security 

guidelines of the Computer and Information Security Advisory Group (CISAG), DAE. On 

the basis of the audit report, corrective measures are taken (like modification in the 

applications developed, upgradation of the services) to make sure that the IT services are 

working satisfactorily with minimum vulnerability. 
 



Centralised SMS-based Notification System for Various Services of VECC 

A centralised SMS-based notification system has been developed for various services of the 

Centre. Using this system, at one hand, the detail information of allotted vehicle, driver etc. 

are notified, through SMS, to the concerned person in whose name the vehicle has been 

booked by the Transport Maintenance Unit against any vehicle requisition. On the other 

hand, this system also helps in notifying, by sending alarm SMS to the designated persons, 

the occurrence of abnormal environmental condition (temperature and humidity) inside 

VECC computer hall and failure/restoration of input power line of multiple UPSs feeding 

power to different servers. 
 

Development of IT-enabled Services for the Centre 

Various IT-enabled services have been developed by Computer Division, VECC to cater to 

the internal need of the Centre. Web-based services such as (1) Online Annual Performance 

Appraisal Report (APAR) Management System (2) Online Immovable Property Return (IPR) 

Management System and (3) Online Promotion Proposal Generation System have been 

developed to facilitate users in electronic submission, acceptance and record keeping of 

various official documents for administrative purposes. 
 

Development of TLD Database Management System  

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

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

cards of all the DAE/DAE funded institutes of eastern region of India. A safe, secure and 

easy-to-use database system has been developed for maintaining all the records of this unit 

and provision has been made to generate various reports like printing wrapper of card, TLD 5 

form and covering note etc. 

Implementation of Server Virtualization at VECC 

Server virtualization allows multiple operating systems (OS) to run on a single physical 

server which, then, acts as a number of virtual machines where each of the OSs has access to 

the computing resources of the server. So long, various types of tower servers like IBM x-

series 225,226,232,236 etc. were being used individually for each of the database applications 



in VECC. This architecture has been replaced by virtual architecture which has resulted in 

reduction of space, power, cooling and financial overhead of maintaining VECC data centre. 

MP-7: Infrastructure and Housing 

7.01: Infrastructure 

ANUNET System operational from the new building at Bidhan Nagar campus of 

VECC 
The ANUNET system, Wide Area Network of DAE, has been successfully relocated in the 

new building at the Bidhan Nagar Campus of VECC on 4th April, 2014 and has been 

working satisfactorily. The activities like dismantling and shifting of antenna, shifting of 

VSAT equipments, RF site survey etc. were carried out satisfactorily by Electronics 

Corporation of India Limited (ECIL). 

Inauguration of High Performance Computation Building at VECC 

The newly built ‘Uchh Kshamta Sanganak Bhavan’ (High Performance Computation 

Building) at the Bidhan Nagar campus of VECC was inaugurated on June 16, 2014 by Dr. 

Ratan Kumar Sinha, Chairman, Atomic Energy Commission and Secretary, Department of 

Atomic Energy in presence of Dr. Dinesh Kumar Srivastava, Director, VECC and Dr. 

Debranjan Sarkar, Head, Computer & Informatics Group of VECC. The building will house 

the next generation high-performance computation systems for use by the scientists, officers 

and students of VECC in their scientific and academic pursuits. 
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