
The Superconducting cyclotron (SCC) at VECC has accelerated several light ion beams 
e.g., N, O, Ne, Ar, up to extraction radius. Subsequently, the extraction system and the external 
beam line have been installed. Extensive efforts have been put to improve the beam currents 
so that extraction of the beam through complex channels can be carried out in a large noise 
environment. Computer control systems for different subsystem of SCC have been upgraded in 
many respects to meet user requirements. 

Executive summary 

The K-130 VEC cyclotron performed well and has delivered good quality beams of alpha 
and proton for nuclear physics, radio-chemistry and material science research. The feeder line 
for Radioactive Ion Beam Facility has been energized by guiding beam through 160 degree large 
magnet. This will serve as the primary accelerator for the upcoming Radioactive Ion Beam (RIB) 
Facility at the centre.   

The low energy heavy ion irradiation/implantation facility is being used for materials 
science and atomic physics research. A plasma ion source based Focused Ion Beam (FIB) system 
has been developed for micro-machining applications.  Design of beam lines and target 
chamber for material science experiment using upcoming DAE Medical Cyclotron has been 
carried out. Several successful studies have been done regarding fundamental aspects of 
dislocation motion in the field of computational material science. The superconducting magnet 
for ion trap has been installed at VECC site and commissioning is under progress. 

To maintain very low conductivity (<1 micro-mho/cm) of cooling water in trim coil load 
of SCC, one PLC based automatic Mixed Bed Deionizer unit with all instruments has been 
installed and commissioned. VECC Workshop has been upgraded with the state-of-the-art 
manufacturing facilities like CNC vertical machining centre & Co-ordinate Measuring Machine. 

The Radioactive Ion Beam Project aims at developing a state of the art accelerator 
facility for studying nucleo-synthesis in explosive (such as a type II supernovae explosion) and 
normal stellar environments, properties of exotic nuclei, material properties, and biology. 
Already highly advanced accelerators such as the Radio Frequency Quadrupole, IH Linacs have 
been successfully developed through purely indigenous design and developmental efforts. 

The project on Superconducting Magnetic Energy Storage (SMES) has shown significant 
progress during this year. Expected results are obtained in the magnetic field measurement and 
a 12T hybrid magnet has been developed. A bipolar power converter with embedded 
supervisory controller has also been developed to energise the hybrid magnet. Quench 
protection system for the SMES system was indigenously developed and tested.  



The experimental nuclear physics programs have been carried out extensively during 
this year using the light ion beams from K-130 cyclotron at VECC, Kolkata, as well as using heavy 
ion beams from other accelerator facilities of India. 

The VME (Versa Module Eurocard) based data acquisition system which is developed at 
VECC and being used by the experimental physicists to collect data of their online experiments 
with cyclotron beam, has been upgraded to work with multiple VME crates. A software 
framework has been developed for detecting the parallel segments in a sequential FORTRAN 
code and embedding OpenMP constructs automatically with or without nominal user 
interaction in a systematic manner while maintaining the semantics of the program. 

The FPGA based Read Out Controller (ROC) boards which are used to read out data from 
the nXYTER ASIC based Front-End-Electronics (FEE) boards, have been fabricated, tested and 
delivered to the user group to for in-beam test experiments at Juelich, Germany. The boards or 
its later generation will be used in muon channels in the CBM experiments at FAIR. Utility 
software like Monitoring System for Network Infrastructure and Trouble Ticketing System for 
systematic management of complaints of users regarding IT and related services have been 
developed. In-house development of Handheld RFID Reader System and Online TLD Badge 
Identification System has been initiated. 

       International collaborative efforts for the search and study of the Quark Gluon Plasma 
(QGP) have been going on at VECC with active participations in the STAR experiment at 
Brookhaven National Laboratory (BNL), New York, the ALICE experiment at CERN, Geneva and 
the CBM experiment at GSI, Darmstadt. The Tier-2 ALICE GRID centre at VECC has been 
upgraded with additional storage systems and higher computing power. A dedicated centre for 
data monitoring and analysis for the ALICE experiment has also been setup at VECC for the 
experts to remotely monitor the detector components. In addition, detector developments 
have been ongoing for the Indian Neutrino Observatory (INO) and other areas of applications 
like medical imaging. 

Theoretical physics research at VECC aims at providing theoretical support to the 
experimental program of the Centre which ranges from low to intermediate energies at one 
end and relativistic energies at the other. Various reaction models have been refined and 
applied to light and heavy ion induced reactions including fusion-fission and multifragmentation  
at low and intermediate energies while RHIC and LHC data are analyzed  using viscous 
hydrodynamics. Energy loss and ellptic flow of heavy flavours, elliptic and radial flow of 
photons, lepton pairs, spectral function of light vector mesons in thermal bath and its effects on 
dilepton productions from heavy ion collisions at relativistic energies have been evaluated. Drag 
and diffusion coefficients of heavy mesons containing charm and bottom quarks have been 



calculated. The dissipative effects on photon spectra originating from heavy ion collisions have 
been estimated.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Detailed Description 

 

1] Present Status of K-500 Superconducting Cyclotron (SCC): 

The superconducting cyclotron at Variable Energy Cyclotron Centre, Kolkata, is the first 
compact superconducting cyclotron in Asia. A large superconducting solenoid is used to 
energize the poles of the cyclotron magnet and it is self shielded by an annular yoke. The 
magnet can produce maximum magnetic field of 5 Tesla.  The technical challenges of using 
superconducting coil in cyclotron have been aggravated by the characteristic compactness the 
cyclotron. This 100 Ton machine, a cylindrical structure of 3 meter diameter and 2.2 meter 
height, can produce a maximum energy of 80 MeV/A for lighter ions and 5-10 MeV/A for 
heavier ions covering the whole range of the periodic table. Earlier it successfully accelerated 
Ne+3 beam. Subsequently many other kinds of beams were also accelerated. One 22.2 meter 
long external beam line (Fig. 5.07.1) has been commissioned up to the experimental vault. 

Several challenges came on the way of beam extraction. The extraction system consists 
of two active electrostatic deflectors and eight passive magnetic channels installed around the 
periphery of the cyclotron poles covering a full turn. At the extraction radius the high energy 
beam is pulled out of its circulating trajectory by the electrostatic deflectors and then it is 
guided by the magnetic channels almost 330 degrees till it comes out of the machine. Then the 
extracted beam is transported to the experimental hall by a 13 m long beam line. Threading of 
the high energy beam through the deflectors and magnetic channels imposed a long list of 
technical challenges. Initially, falling beam intensity profile along radius was a concern. 
Subsequently cryo panels, installed inside the beam chamber, were cooled by liquid helium and 
desired vacuum level (6x10-7 mbar) was achieved. Thus the beam loss due to scattering by 
residual gases was arrested and good beam intensity (~100 nA) at the extraction radii was 
achieved.  

During the last year several diagnostics installed to improve the beam diagnostics 
specially to understand the beam behavior prior to extraction, which is essential for beam 
extraction. Particularly, proper beam centering is to be ensured through the acceleration 
process. Additional probes have also been put on the extraction path to help in extraction 
process.   
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              Fig. 5.07.1:  K-500 Superconducting Cyclotron with one of its external beam lines. 

2] Operation of Cryopanel in Superconducting Cyclotron: 

Three turbo molecular pumps are connected to the acceleration chamber. The 
turbomolecular pumps have to be placed at a considerable distance due to the presence of high 
magnetic field in the cyclotron. Due to constricted passages available for pumping, the net 
pumping speed for all three pumps together is about 150 litres/sec. Due to permeation and 
outgassing loads, the turbo pumping modules alone are able to reduce the pressure in the 
acceleration chamber to 5 x 10-6 mbar. Three cryopanels placed inside the lower dees in the 
valley of the superconducting magnet are available for achieving high vacuum in the 
accelerating chamber. Considerable reduction of pressure was observed with liquid nitrogen 
cooling of the chevron baffles.  

The cryogenic system cools the superconducting cyclotron magnet and the cryopanels. 
During the operation of the superconducting cyclotron, the cryopanel requires frequent 
warming up of the cryopanel. This dynamic change in the cryogenic load was started in the 
superconducting cyclotron for the first time. After cooling the helium cooled cryopanels, the 
main acceleration chamber is now being operated at about 10-8 mbar (Fig. 5.07.2). The 
improved vacuum has considerably reduced beam loss in the superconducting cyclotron.  

 



 

Fig. 5.07.2: Variation of cyclotron vacuum with cryopanel temperature 

3] Upgradation of Accelerator Control Systems in VECC: 
One of the major criteria of successful operation of accelerator systems demands a 

robust, reliable and relatively fast control system to satisfy the monitoring and control criteria 
of a large number of parameters. In addition, the control system is required to be modified to 
facilitate the user requirement and control hardware requirement over time. For both the 
cyclotrons (Room Temperature Cyclotron and Superconducting Cyclotron) at VECC, control 
systems have been designed and implemented using EPICS (Experimental Physics and Industrial 
Control System).    

Some of the important features of modern computerized accelerator control system 
such as - a) easily modifiable Graphical User Interfaces (GUI) and the ability to read/set/monitor 
parameters at supervisory level, b) an intermediate level of control software interacting with 
the lowest level (control & instrumentation hardware) for acquiring control parameters and 
distributing the values to supervisory level, c) a control data and event logging system for online 
and offline analysis of machine parameters, - have been appropriately adopted in the control 
systems of Cyclotrons at VECC. 



The major maintenance /upgradation activities which have been carried out last year 
are as follows. 

• Installation of control database system for SCC: 
A database system has been installed (Fig. 5.07.3) for logging a large number of control 

parameters of different subsystems e.g. Cryogenic, Magnet Power Supply, RF system, Vacuum, 
ECR, Beam Diagnostic etc. An EPICS tool has been developed to integrate the EPICS control 
system with popular database e.g. MySQL, Oracle etc. This tool provides a number of facilities 
to the user e.g. secured access, auto configuration of database, web based user interface with 
data analyzing and retrieval facility etc.  

     

      Fig. 5.07.3: GUIs of database system 

• Development of automated trim coil temperature control system for SCC: 
The thermal stress developed 

between the pole tip and the magnet yoke, 
due to dissipation of heat (maximum 150kW) 
by the trim-coils of Superconducting 
Cyclotron (SCC) may deform the liner within 
the magnet. A dedicated Trim Coil 
temperature Control System (Fig. 5.07.4) is 
implemented to maintain the difference 
between the average trim coil temperature 
and yoke temperature with in ±0.3 C. The 
control loop is implemented using a set of 
stand-alone redundant controllers to enhance 
the availability of the system.                                 

 

Fig. 5.07.4: GUI of trim coil temperature control 
system for SCC. 

 



• Upgradation of beam diagnostic system for VEC and SCC: 
It is said that an accelerator is as good as its diagnostic system. The hardware and 

software for beam diagnostic system is upgraded or being upgraded by installing essential 
beam diagnostic components like three finger probe, bore-scope, magnetic channels, beam 
viewer, faraday cup etc. at both the cyclotrons for injection line, acceleration region, extraction 
region and external beam line for accurate diagnosis of the cyclotrons for acceleration and 
transport of ion beams. Microcontrollers based modular instruments for probe movement 
control, position measurement, interlock accessing, beam aperture control etc. have been 
designed and developed to control and monitor these components with high precision. GUIs 
(Fig. 5.07.5) have been developed with user friendly features like graphs for individual and 
integrated values of currents, time charts, interlock status, auto calibration etc. Constant 
maintenance and modifications in both, hardware and software have resulted in round the 
clock operation of these instruments with negligible downtime. 

 

 

 

 

 

 

 

 

 

 

• Upgradation and maintenance of Vacuum System  and LCW  system for SCC 
Continuous upgradation and maintenance activities of Vacuum control system and LCW 

control system (Fig. 5.07.6 & Fig. 5.07.7) for Superconducting Cyclotron is being carried out 
during the beam extraction trial at SCC. 

 

 

Fig. 5.07.5: GUIs of beam diagnostic systems  

 



Fig. 5.07.6: GUI of vacuum control system for SCC                              Fig. 5.07.7: GUI of LCW control system 

4] X –Ray Detecter for K-500 SCC RF voltage measurement 

The  K-500 superconducting cyclotron (SCC) was under operation in full swing. DEE voltage is 
one of the critical parameters of the cyclotron which was required to be measured by a X-ray 
detector. A mechanical support system was 
designed and fabricated to hold the x-ray detector 
inside the magnet iron for placing it near the DEE. 
Commissioning of X-Ray detector set up for this 
type of measurement of the voltage has been 
done (Fig. 5.07.8) during this period. 

 

 

5] Up-gradation and utilization of K-130 Cyclotron 

The variable energy cyclotron (K-130) has been delivering proton and alpha beams of 
various energies and intensities for different types of experiments in the existing three beam 
lines. Few up-gradations and modifications were carried out like change of main diffusion pump 
casing, installation of a new freon unit, renovation of cave shield door track, extension of pit 
shield door track, change of RF 4648 tube, installation of new vacuum chamber of analyzing 
magnet (Fig. 5.07.9), modification in zero-line and activation of feeder beam line (ch#4) (Fig. 
5.07.10). 

Fig. 5.07.8: X-ray detector with feed through and 
cablings 

 



             

 

• Projectiles and utilization:  

At present, the available energies of proton and alpha beams are 7.5 MeV to 20 MeV 
and 30 MeV to 65 MeV respectively and also low energy alpha beam from 5.5 MeV to 7.2 MeV. 
Alpha beam has been transported to the feeder line (ch#4) through the new vacuum chamber 
of analyzing magnet.  

The cyclotron has already delivered beam on target for more than 2100 hours for 
conducting experiments in nuclear physics, radio-chemistry, material science and radio-active 
nuclei productions.   

 

 

 

 

 

 

 

 

 

                                        Fig. 5.07.11: Beam Utilisation Overview of K-130 Cyclotron 

Fig. 5.07.9: New Vacuum Chamber of 
Analysing Magnet 

Fig. 5.07.10: Feeder Line 



The cyclotron beam was used by the researchers from VECC, SINP, BRIT/VECC, 
RchD/BARC, MMD/BARC, UGC-DAE-CSR and Kyungpook National University, Korea etc. 

6] Activities Related to Materials Science Beam line of the DAE Medical 
Cyclotron: 

The high intensity proton beam available from the DAE Medical Cyclotron coming up at 
Kolkata will be used for production of radioisotopes for medical use and Materials Science 
research simultaneously. It will provide a unique opportunity to carry out bulk radiation 
damage studies on nuclear structural materials at high dpa rates. With 15 MeV to 30MeV, high 

current (upto 350µA yielding dpa of the order of ~ 2x10-5 /sec) proton beam available, thick 
samples of the order of 0.5mm to 1 mm can be irradiated to enable bulk damage studies. Since 
this is a unique facility, there will be two different beamlines:- (1) Beamline 1 which will 
facilitate high dose irradiation and (2) Beamline 2 which will be used for short time and low 
dose experiments especially to carry out online studies such as defect recovery and other off-
line experiments such as thin-layer activation etc. The final layout of the Materials science cave 
with the two beamlines is shown in Fig. 5.07.13.  

Fig. 5.07.12: Layout of DAE Medical Cyclotron         Fig. 5.07.13: Layout of Material Science 
Cave showing the different facilities.                      showing 2 beam lines. 

Both the beamlines will have (1) a scanner to enable the beam to be scanned over the 
sample surface of maximum 30 mm x 30 mm for uniform damage production, (2) an end-of-line 
double Havar foil arrangement to isolate the target chamber from the beam line and hence 
protect the cyclotron from the target chamber environment and (3) a fast closing valve at the 
beginning of our beamline to isolate the beamline vacuum from the main cyclotron vacuum. 

Due to the high irradiation dose envisaged, a special shielding wall is present 
surrounding the irradiation chamber in beamline 1 so that remote handling of the sample using 



a master slave manipulator can be carried out after irradiation. The irradiated sample will be 
remotely placed in a lead cask and stored in the hot store till found suitable for transportation 
and handling. 

The current (upto 350 µA) and the energy of the proton beam (15MeV to 30 MeV) 
available for irradiation studies poses a great challenge in designing the irradiation facilities 
consisting of irradiation chamber, target holder with associated cooling facilities and post-
irradiation target handling facilities. A general purpose target chamber has been designed for 
use in beamline 1 consisting of some specialized features. The specialized materials science 
beam line and a unique irradiation facility have been planned with the following salient 
features:  

(a) Material: Aluminum 5083– special Al alloy used for radiation environments 

(b) Chamber can be operated under (a) Vacuum – 10-7 mbar OR (b) Pressure – 2 bar 
(abs)  

The chamber will be equipped with  

1. Graphite lined beam dump  
2. IR pyrometers for Sample temperature measurement  
3. Radiation resistant camera  (RRC) for sample viewing during irradiation 
4. Solid state laser for sample alignment.  
5. Guide rods for lifting target flange for remote handling (using Master 

Slave Manipulator) of sample after irradiation 
6. Sample cooling by Helium jets (heat removal upto 1KW) 

 The schematic of the target chamber is shown Fig. 5.07.14. 

 



        Fig. 5.07.14: Schematic of the general purpose target chamber showing the various salient features 

7] Heavy Ion Irradiation/Implantation Facility: 

A unique, low energy heavy ion irradiation/implantation facility has been developed at 
VECC for materials science and atomic physics research utilizing indigenously developed 6.4 
GHz ECR ion source at VECC, Kolkata.    

The facility provides low energy (10keV/q) and high charge state ion beams of N, O, Ne, 
Ar, S,  Kr, Xe, Fe, Ti, Hf etc. This is a unique tool for studying fundamental and technologically 
important problems of materials science and atomic physics.  High ion flux available from this 
machine is suitable for generating high defect densities i.e. high value of displacement-per-
atom (dpa). This facility is already in use by users from various Indian Universities, IITs and 
National Laboratories for surface modification studies in materials. For example recently this 
facility has been used for studies like “Tunability of dielectric constant of conducting polymer 
Polyaniline (PANI) by low energy Ar9+ irradiation” and “Fe10+ implantation in ZnO for synthesis 
of dilute magnetic semiconductor”. 

 

Fig. 5.07.15: ECR-based Low Energy ion Beam Facility 



8] Production of 8-10 micrometer diameter heavy ion beam (Ar) with 450 
mA/cm2 current density: 

A multipurpose high brightness inductively coupled plasma ion source has been 
developed successfully to produce high current density focused ion beam as well as high 
current broad beam for synthesis of high quality thin films. Fig. 5.07.16 shows the complete 
setup. Ion source has been characterized and found to have source brightness of > 7000 A m-

2Sr-1eV-1. 

 

Fig. 5.07.16: Inductively coupled plasma ion source based focused ion beam setup. 

  

Fig. 5.07.17: Ion beam milling of fine lines on silicon wafer (Left). A logo of VECC milled on silicon wafer.  
(Ar ion beam is used in above experiments) 

 



Several experiments are carried out to measure the beam spot size and the available 
current density in the focused spot. A two lens, low aberration optical column was developed 
for focusing the heavy ions at a working distance of about 4 mm. Experiments showed that Ar 
ion beam of 7 keV could be focused to 8-10 μm spot with current density of > 450 mA/cm2. This 
high current density has been used for high speed milling of steel. It is found that this system 
has milling rate of > 150 μm3/s which is significantly higher than conventional systems that have 
milling rates <3 μm3/s. The performance of system has been found to be very stable over long 
period of operation. It is very useful in various applications such as high speed milling of hard 
materials such as tungsten carbide, silicon carbide etc, selective ion implantation, micro / nano 
structuring of surfaces, SIMS, micropattering of various surfaces etc.           

9] High current ion source:    
         At the Variable Energy Cyclotron Centre, 

Kolkata a 2.45 GHz microwave ion source (shown in 
Fig. 5.07.18) has been developed which will produce 
protons beam at 80 keV. Presently it is under testing 
for beam characterization and inflection study. It 
consists of a plasma chamber, two movable solenoids 
to produce desired axial magnetic field and the triode 
ion extraction system. The diameter of the apertures 
in the plasma, accelerating and de-accelerating 
electrodes is 6mm, 8mm and 8mm respectively.  

The plasma chamber is a double walled water-cooled cylindrical stainless steel chamber 
of 100 mm length and 90 mm diameter. The microwave power from the 2.45 GHz, 1.2kW 
magnetron is coupled through a three stubs tuning unit, an auto tuner and a ridged wave-guide. 
Ion source along with adjustable solenoids, its power supplies, microwave generator, gas 
cylinder and a high precision gas flow system etc., all are kept at 100kV high voltage deck. Deck 
is isolated from the ground through polypropylene insulators. A two-segment ceramic 
insulators (Al2O3) column, which supports the beam extraction electrodes, isolates the high 
voltage deck and the beam line at the ground potential. Power to the various subsystems on 
the deck is supplied using a 150kV, 30kW isolation transformer.  

During the first operation we achieved around 130 µA beam current at the FC at very 
nominal microwave power at an extraction voltage of 80 kV. An increase in beam current is 
found with the increase in microwave power; however, microwave reflection was the major 
problem. After incorporating few changes around 4.7 mA beam current was achieved at an 
extraction voltage of 75 kV at the DCCT, placed half a meter away from the extraction electrode 
and 2 mA at the faraday cup through a 1cm x 1cm slit, placed just before the second focusing 
solenoid. Further optimisation of the coil positioning around the plasma chamber and gas flow 

Fig. 5.07.18: 2.45 GHz microwave ion source. 
 



yielded 6.4 mA beam current on FC and 8.5 mA on DCCT at 400 watt of microwave power and 
extraction voltage of 80 kV. The beam was transported up to the last beam dump near the 
diagnostic chamber.  An increase in the beam current (I > 10 mA) at the DCCT with increase in 
microwave power was observed.  

In order to study the inflection and transmission of high beam current through the spiral 
inflector, a small magnet (shown in Fig. 5.07.19) having a similar characteristics as the central 
region of 10 MeV cyclotron was designed and fabricated. Magnet has already been assembled 
with a vacuum chamber with inflector inside and is 
connected in the beam line. The preliminary testing of 
beam transmission at low beam current ~ 1 mA is going 
on. A beam transmission of 50% has been achieved and 
efforts are on to improve the transmission efficiency. 
The fabrication of a sinusoidal beam buncher together 
with a fast faraday cup is near completion. These 
components will be installed very soon after the 
second solenoid magnet to study the behavior of beam 
bunching at high current. 
 

10] Activities on Computational Material Science  

• Study of dislocation dynamics using modeling and simulation technique 
The material science section has been engaged in studying fundamental aspects of 

dislocation motion using analytical modeling and molecular dynamics simulation technique. By 
employing this approach, several successful studies have been performed which include the 
lattice resistance to dislocation motion in nanostructures, inertial oscillations of pinned 
dislocations and dislocation-nanovoid interactions.  For the first time a pronounced variation in 
the dislocation velocity in thin films is reported which would play an important role in deciding 
mechanical properties at the nanoscale. The other study establishes the phenomenon of 
coupling between oscillating pinned dislocation segments and results show a considerable 
promise for further contributory research in the area of defect dynamics. 

 

11] Ion Trap Scan Tube 

The superconducting magnet for ion trap is installed at VECC site and commissioning is 
under progress. During commissioning of the magnet, a precise magnetic field (1 ppm in 1 cm 
DSV) measurement will be carried out using NMR probe at the operating field 5 T. Therefore, a 
scan tube is designed to facilitate the NMR probe entry into the liquid helium space maintaining 

Fig. 5.07.19: Magnet assembly with inflector. 
 



the temperate of probe at around room temperature. The bore of this solenoid magnet is 100 
mm and for operating the NMR probe 70 mm dia space is required. Therefore, a detail thermal 
analysis was carried out to maintain 296oC temperature difference within 15 mm annular gap.  

 

 

 

 

 
 

Fig. 5.07.21: Scan Tube temperature and vacuum during inserting into LHe bore. 
 

 The Scan Tube is entirely fabricated within VECC workshop and then assembly, cryo-
shocking and testing with liquid nitrogen was carried out. Finally on 4th November, 2011, it was 
commissioned by inserting into LHe bore within the cryostat and the result was satisfactory. 
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1] PLC based automatic Mixed Bed deionizer unit: 

A superconducting Cyclotron trim coil load cooling system is designed to take care of the 
thermal expansion/contraction of the pole tip steel relative to the magnet. As this system is a 
separate closed loop LCW system, the conductivity of the water will change with time. To 
maintain the conductivity below 1 micro-mho/cm, one PLC based automatic Mixed Bed 
deionizer unit with all instruments has been installed and commissioned (Fig.7.01.1). 

 

               

2] Augmentation of Technical Facility: 

In keeping pace with the technological advancements, VECC Workshop is being 
upgraded with the state-of-the-art manufacturing facilities under the XI plan project. VECC 
Workshop has installed and commissioned a CNC vertical machining centre (Fig.7.01.2), which is 
further being upgraded with CAD & CAM facilities. Accuracy in measurements is essential at all 
stages of product development, e.g. design, production, testing, evaluations, quality assurance 
and operational performance. Now, VECC Workshop is equipped with Co-ordinate Measuring 
Machine installed and commissioned recently. 

 

Head: MP-7 Infrastructure & Housing 
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Fig. 7.01.1: Mixed Bed deionizer unit & PLC Panel for it. 

 

Fig. 7.01.2: CNC vertical machining centre & Co-ordinate Measuring 
Machine 



                           

The Radioactive Ion Beam Project at VECC aims at developing a state of the art 
accelerator facility for studying nucleo-synthesis in explosive (such as a type II supernovae 
explosion) and normal stellar environments, properties of exotic nuclei, material properties, 
and biology. Already highly advanced accelerators such as the Radio Frequency Quadrupole, IH 
Linacs have been successfully developed through purely indigenous design and developmental 
efforts. During the last year one more IH Linac have been built (Fig.4.08.1) and added to the 
facility taking the energy of ion beams to 400 keV/u (that is,  for Argon 16 MeV, for Iron 22.4 
MeV, etc.). Also during this year a dedicated and unique facility for condensed matter physics 
has been installed, which comprises of a beam-line comprising of ECR Ion Source, analyzing 
magnet, focusing elements, a multifacility experimental chamber and a RFQ (Fig.4.08.2). The 
RIB project activity is a highly R&D intensive one and has already produced a large number of 
publications and several Ph. D & M. Tech. theses.  

             

Fig. 4.08.1 Beam line showing the IH Linac 

 

Fig. 4.08.2 Materials science beam line 
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1] Superconducting Magnetic Energy Storage System Technology Development: 

Significant developments have been achieved in the superconducting Magnetic Energy 
Storage (SMES) project as mentioned below. 

• Field testing of SMES coil and development of a 12T hybrid magnet: 

A 0.6 MJ coil for the SMES device and was fabricated in house as shown in Fig. 4.11.1. 
After the coil with cold mass of ~ 850 kg was assembled inside the cryostat and was cooled 
down to 4.2K by liquid Helium filling, the magnet was energized up to its rated current of 800A. 
The results of magnetic field measurements, shown in Fig. 4.11.2, were in agreement with the 
design. The fringe magnetic field outside the cryostat was shielded with mild steel 
(ferromagnetic material) to a level less than 100 G.  Boil-off helium gas with various ramp rates 
was measured to obtain AC loss in the coil. 

                          

       Fig. 4.11.1: SMES coil during assembly                                 Fig. 4.11.2: Measured central magnetic field 

A pair of High Temperature Superconductor (HTS) based current lead of capacity 500A 
each (Fig. 4.11.3) was designed, developed, and tested subsequent to extensive measurement 
of V-I characteristics of the HTS tapes at liquid nitrogen temperature, and study of other 
physical properties. 

A HTS magnet insert for the hybrid magnet system was designed, fabricated (Fig. 4.11.4) 
and lowered in the central bore of Low Temperature Superconducting (LTS) solenoid magnet 
operating in liquid helium bath to provide about 12T of field over 60 mm bore. Energization 
could be carried out up to field of 9T (Fig. 4.11.5). A quench occurred at this condition, which on 
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further probing revealed a problem in the HTS current leads. The problem was analyzed and 
subsequent modifications are being done for obtaining the final field. 

 

Fig. 4.11.3: HTS current 
lead 

 

Fig. 4.11.4: HTS insert 
coil         

 Fig. 4.11.5: Energization of hybrid coil up to 9 T 

 

• Design, development, testing and integration of the quench protection system 

A protection system (Fig. 4.11.6) was indigenously developed and tested, which is used 
for quench protection of the SMES system. 
The scheme included detection, monitoring 
and protection of superconducting coil. 
Resistive voltage measurement method is 
used for detecting the quench.  The circuitry 
also detects lead voltage drops along with 
coil drops. By using isolation and timer 
devices, false trigging due to noise and 
spikes are minimized. On detecting a 
quench, the power supply is isolated from 
the coil and the stored energy of the magnet 
is released to a dump resistor placed externally.  

 

 

 

 

Fig. 4.11.6: Quench Protection System 

 



• Design and development of a bipolar power converter with embedded supervisory 
controller for superconducting magnets. 

A high current bipolar (Fig. 4.11.7) switch-mode power converter (rated ±27 Vmax, ±7V 
flat top and ±300A load current) was designed and developed indigenously at the centre. Four 
quadrants operation is accomplished by using 
power IGBTs in an H-bridge configuration with 
switching frequency around 20 kHz. 

The precision and stable power supply is 
equipped with a passive common- mode filter to 
reduce the ripple components of output 
current. A high precision transducer (DCCT) with 
low drift is used that senses the output current 
which is fed to the control system to trigger the 
IGBT. 

A 16-bit microcontroller was employed 
to set its ramp rate and monitor the output 
voltage and current through a PC based 
application software. The firmware and 
software for the purpose was also developed 
indigenously at the centre. 

The power supply was used during energization of the HTS coil of the Hybrid magnet. 

 

2] Brief account of Achievement of Helium Section/APG during the last Year 

In connection with the developing a dilution refrigerator at VECC with a designed 
cooling power of 10µW@ 100mK, the pre-cooling stage at 0.97K has been designed, built and 
tested in VECC. This has been achieved by evaporating the helium vapour from a small copper 
pot (1K pot) at a reduced pressure. This copper pot (99cc) is initially filled with precision needle 
valve and subsequently replenished the evaporation loss persistently through the flow 
restriction to maintain the low temperature over an extended period.  Recently we have 
successfully commissioned the 1K pot to facilitate condensation of the helium mixture 
(3He+4He) which happens to be the working fluid for the dilution fridge. The temperature 
profile of test measurement is as shown in Fig. 4.11.8.  

 

Fig. 4.11.7: The Bipolar Power 
 

 



  
Fig. 4.11.8: Temperature Profile of Test 
Measurements 

Fig. 4.11.9: Helium Evaporator in Operation 
 

Optimal design of the pumping line with thermal baffles and pumping module has been 
done to obtain and maintain the low temperature.  Design, fabrication and calibrating of the 
flow restrictor precisely to a value of ~10-12cm3/s happens to be a genuine challenge to this 
system and this has been successfully accomplished in VECC and installed in the present 
system. 

 
 

Fig. 4.11.10: Hardware of 
the Helium evaporator (1K 
Pot) 

Fig. 4.11.11: Non-cryogenic helium purification system. 

 

Aside from the one stated above,  a non-cryogenic helium purification system  has been 
developed and successfully commissioned  in the laboratory,VECC, as shown in Fig. 4.11.11. 



This helium purification system is a cost effective and energy efficient solution to the 
existing expensive cryogenic counterpart. This is a unique equipment which works without 
requiring any cryogen (liquid nitrogen or liquid oxygen) and likely to usher in a new horizon in 
gas industry.  

As a part of the program, a cryo-cooler based measurement facility up to 20K for 
sensor calibration, low temperature material characterization etc.  Therefore, a bare cryo-head 
was procured and the housing cryostat with several feedthroughs has been built in the 
laboratory. The cryostat found to hold the vacuum level of 10-7mbar for 72 hours at 300K. 
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1] Low Temperature GDR width Measurement at VECC 

 The measurement of GDR width at low temperature is very challenging since 
heavy ion fusion reactions are limited to higher temperatures due to the presence of Coulomb 
barrier in the entrance channel while inelastic scattering experiments are less precise due to 
uncertainty in the excitation energy window. An extensive experiment has been carried out 
employing the large BaF2 LAMBDA spectrometer facility and the 50 element BaF2 gamma 
multiplicity filter (Fig. 5.02.1), developed indigenously at VECC, to investigate the temperature 
dependence of the GDR width using alpha induced fusion reaction.  

 
 

 

 

The hot 119Sb nucleus was formed by bombarding 30, 35 and 42 MeV 4He beams from K-
130 room temperature cyclotron on 115In target. The new experimental data in the temperature 
range 0.9 ~ 1.3 MeV is shown in Fig. 5.02.2 along with the previous measurements at higher 
temperature. It is evident that the temperature dependence of the GDR width determined from 
this experiment differs substantially from the adiabatic Thermal Shape Fluctuation Model at 
low temperature. More data in this low temperature region would be obtained from further 
experiments. 
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Fig. 5.02.1: LAMBDA spectrometer (left) for high 
energy photon measurements and gamma 
multiplicity filter. 

 

Fig. 5.02.2: Plot of GDR width as a function of 
temperature. The filled circles are data from 
the present work. The dashed line represents 
the Thermal Shape Fluctuation Model 
calculation. 

 



2] First observation of the excited states of neutron rich 150Pm using (p, nγ) 
reaction: 

 The odd-odd isotope of Promethium (Pm), 
with Z =61 and N =89, was completely unknown till 
date; except for the half life (2.68 hr) and tentative 
spin-parity of the ground state. Of the known Pm 
nuclei, the neutron-rich 147,148Pm are suggested to 
be “branch point” nuclei in s-process path and 
therefore, drawn special attention in recent years. 
The excited levels of 150Pm have been investigated 

for the first time using 150Nd (p, nγ) reaction using 
proton beams of 8-11 MeV energy range and the 
97% enriched 150Nd target. Fig. 5.02.3 shows the 
excitation function of the in-beam gamma rays; 
Gamma rays belonging to 149Pm shows a flat 

nature, while, the gamma rays, showing decreasing nature, are assigned to 150Pm. 

3] High spin spectroscopy of heavy Tl isotopes: 

 The Thallium nuclei (Z = 81) are situated in a 
transition region between the deformed prolate 
rare earth nuclei and the spherical lead nuclei at Z = 
82. Investigation of high spin structure of heavy 
Thallium isotopes 197Tl and 200,201Tl have been 
carried out using alpha beam from K-130 cyclotron 
at VECC and 7Li induced reaction at Pelletron-LINAC 
facility at Mumbai respectively. The high spin band 
structures based on intruder shell model orbital 
with oblate deformation have been observed in 
these nuclei. The detector setup at VECC beam hall 
is shown in Fig. 5.02.4. Detail spectroscopy of low 
lying states and isomers would be carried out with 

alpha beam using upcoming Ge Clover detectors. 

 

 

 

Fig. 5.02.3: Excitation function of in-
beam γ rays 
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Fig. 5.02.4: Detector setup with Ge 
detectors and BaF2 multiplicity filter. 

 



4] Spectroscopy of light and heavy transitional nuclei from Electron Capture 
decay: 

 Over the years the transitional 
nuclei in both lighter and heavy mass region 
have provided a perfect ground for the 
exploration of different structural phenomena 
involving single particle and collective modes 
of excitation in nuclei. Offline decay 
spectroscopic studies of 146Eu and 186-189Os 
have been carried out at VECC using Low 
Energy Photon Spectrometer (LEPS) of 
segmented planer Ge detector, single crystal 
HpGe detectors and BaF2 detectors. The 
excited states of 146Eu and 186-189Os have been 
populated from the Electron Capture (EC) 
decay of 146Gd and 186-189Ir respectively, 

produced via 144Sm(α, 2n)146Gd and natRe(α,2n/3n)186-189Ir reactions with 32 MeV alpha beam 
from K=130 Cyclotron at Variable Energy Cyclotron Centre, Kolkata. The quadrupole moments 
have been measured by Integrated Perturbed Angular Correlation (IPAC) technique. Ab-initio 
electronic structure calculations based on density functional theory was performed for Eu 
doped TiO2 system using WIEN2K code. A typical offline gamma ray spectrum obtained with 
LEPS Ge detector is shown in Fig. 5.02.5. 

5] Investigation of 3a decay of Hoyle state in complete kinematics: 

The existence of the famous Hoyle state, 
the second 0+

2 state of 12C at an excitation energy 
of 7.654 MeV, postulated by F. Hoyle and 
experimentally confirmed by C.W. Cook et al plays 
an important role in the production of the 
elements in the universe. However, the structure 
of the above state is still not known properly and 
remains a mystery, which makes a subject of great 
debate in recent year.  Recently an exclusive 
experiment has been performed at Variable 
Energy Cyclotron Centre using alpha beam of 60 

MeV on a self supporting 12C target (thickness ~ 
90 μg/cm2) to study the Hoyle state. The 

 

 

 

 

 

 

 

Fig. 5.02.5: Gamma ray spectrum for EC decay 
of 186-189Ir, obtained with planer Ge (LEPS) 

 

 

 

 

 

 

 

        
       

 

Fig. 5.02.6: (a,b, c) The experimentally 
measured relative energy spectra between any 

two of the three α particles decay from Hoyle 
state and, (d) the Dalitz plot, for the decay 
nature,  of the Hoyle state. 

 



experiment was primarily aimed at precise measurement of kinematic correlation between the 

α particles emitted in the decay of the Hoyle state Investigating into the detailed nature of the 

decay of the Hoyle state (sequential: 12C* 8Be +α  α+α+α vs. direct:  12C* 3α)  has been 

carried out using Dalitz plot technique, as shown in Fig. 5.02.6.  

6] Study of angular momentum dependence of nuclear level density parameter: 

  Nuclear level density (NLD) 
parameter is an important ingredient in all 
statistical model codes, which are generally 
used for the reaction modeling such as fusion, 
multifragmentation and spallation. In a recent 
experiment at VECC, angular momentum 
dependence of the NLD parameter has been 
studied using the alpha induced reactions on 
115In and 93Nb   target, where the evaporated 
proton and alpha particles, as well as neutron 
evaporation spectra were used as a probe to 
extract the value of nuclear level density 
parameter. Seven TOF liquid Scintillator 

(BC501A) detectors have been used to detect neutrons in coincidence with a 50 element BaF2 
based low energy multiplicity filter array which records the γ -ray fold on event-by-event basis. 
To detect and identify the charged particles emitted during the compound nucleus evaporation 
process, a 3-element telescope consisting of a single-sided silicon strip detector (16 channels), 
double-sided silicon strip detector (16 X 16 channels) and backed by two CsI(Tl) crystals was 
mounted inside the scattering chamber, as shown in Fig. 5.02.7. Detail data analysis is in 
progress. 

7] Development of Cryogenic Penning Trap at VECC: 

 A cryogenic Penning trap system is under development at VECC, Kolkata. A 
magnet cryostat assembly that will house the Penning trap has been assembled and the magnet 
system is now at liquid helium temperature (4 K). The Penning trap assembly will be inserted 
through the liquid helium filled bore of the magnet system. A cryogenic insert has been tested 
by putting it through the liquid helium filled bore of the magnet and a prototype Penning trap 
assembly has been fabricated.  

 

 

Fig. 5.02.7: Detector setup inside the 
scattering chamber 



 

8] Nuclear Reaction studies using K-130 Cyclotron at VECC: 

 Alpha-induced reaction cross-sections measurements as a function of alpha 
beam energy have been carried out by physicists of Center for High Energy Physics, Korea in 
collaboration with members of Radiochemistry Division, VECC. 232Th samples were also 
irradiated with alpha beam of various energies to find the yields of fission and reaction 
products at various excitation energies to examine the role of excitation energy and input 
angular momentum.  

9] Application of Radiotracers synthesized at K-130 Cyclotron: 

 Different radio-tracers for various applications have been synthesized at VECC 
using alpha beams from K-130 cyclotron. At VECC, the 111In/111Cd and 172Lu/172Yb probes have 
been produced as follows: nat Ag (α, xn) 111In at Eα = 30 MeV and I= 500-600 nA and   nat Yb (α, 
xn) 172Lu at Eα = 40 MeV and I= 500 nA. The carrier-free separations of the above probes were 
carried out by chemical methods. After separation, 111In-doped HfO2 and ZrO2 matrices were 
prepared and counted on Time Differential Perturbed Angular Correlation (TDPAC) set-up 
consisting of a CAMAC based FAST-SLOW coincidence circuit with three BaF2 detectors. 237Pu 
and 75As tracers have been also synthesized at VECC using alpha and proton beams from K-130 
cyclotron. 

10] Basic Research: Theory: 

An analytical model is developed from nuclear reaction theory to calculate neutron-
nucleus total, reaction and scattering cross-sections from 5-700MeV for nuclei spanning a wide 
mass range. Quantitative agreement with measured cross-sections is obtained. Theoretical 
estimates of the primordial element distribution from big-bang nucleosynthesis are examined 
against uncertainties in input nuclear reaction cross-sections. Theoretical analysis is also carried 
out to achieve maximum enhancement of a weak signal in stochastic resonance systems. 
Fission fragment mass distributions are calculated by solving Langevin dynamical equations and 
the growth of mass dispersion during saddle-to-scission transition is obtained. Statistical model 
calculation of evaporation residue cross-sections for 19F+194Pt are performed The spin 
distribution of evaporation residues are calculated for 30Si,31P+170Er systems. The neutron 
multiplicities from 19F+194,196,198Pt reactions are calculated using statistical model. 

Nuclear multifragmentation is theoretically investigated using the canonical 
thermodynamical model coupled with particle evaporation from primary fragments. The 
isoscaling property of the fragments is well reproduced. The model is further applied to recent 



data of projectile fragmentation of Ni on Ta and Be and reasonable values of cross-sections for 
various composites are obtained. 

In the domain of relativistic heavy ion collisions, hydrodynamical models are applied to 
explain RHIC and recently acquired LHC data. Hydrodynamical analysis of charge particle’s 
elliptic flow and the centrality dependence of charged particle multiplicity measured at LHC has 
been carried out. Elliptic flow of thermal dileptons is considered as a probe of QCD matter at 
LHC energies. A systematic study of QGP fluid evolution under viscous hydrodynamics at RHIC 
energies is performed. Energy loss of heavy quarks in quark gluon plasma and the ellptic flow  
of heavy flavours, elliptic and radial flow of photons , lepton pairs produced at relativistic 
nuclear collisions have been evaluated. The spectral function of light vector mesons in thermal 
bath and its effects on dilepton productions from heavy ion collisions have been estimated. 
Drag and diffusion coefficients of heavy mesons containing charm and bottom quarks have 
been calculated and its implications in heavy ion interactions have been highlighted. The 
dissipative effects on photon spectra originating from heavy ion collisions at relativistic energies 
have been estimated.  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

1] Multicrate VME data acquisition system: 

The system uses VME6U standard VME crate and V2718 VME controller from M/s CAEN. 
The Controller is interfaced with the computer through PCI card and fiber optics cable. Eight 
such crates can be daisy chained together. The data acquisition software has been upgraded 
with the functionalities to easily configure multiple crates and perform high speed block data 
transfer from each crate. One synchronizer module has been developed in-house in NIM 
standard to properly synchronize the hardware modules distributed over multiple crates. The 
synchronization mechanism has been tested successfully upto 500 KHz input rate without any 
loss of event synchronization. The performance of the whole system has been tested using two 
crates and five 32ch VME modules (160 parameters). The total sustained through put of 
1.2MParameter/sec has been achieved with regular input pulse.  

2] A Framework for Semi-Automatic Parallelization of sequential FORTRAN 
codes for SMP machines: 

  It is a novel framework which supports flexible transformation of sequential FORTRAN 
code to its parallel version based on the investigation of some of the theoretical research from 
the last two decades on the process of detecting data dependencies among different parts of 
the program. The process of detecting dependencies among different parts of the program is 
called dependence testing which is carried between scalar variables and a pair of array 
references to catch implicit parallel segments in a sequential code. Several data dependence 
testing algorithms such as the GCD test, the Banerjee test, the subscript test and the OMEGA 
test were carried out between a pair of array references to catch implicit parallel segments in a 
sequential code. This entire system is designed in a highly modularized way which follows Pipe-
and-Filter architecture for incremental data dependence testing. It is implemented in Java for 
utilizing its object-oriented features, large collection of class libraries and making it portable on 
other platforms. The performance benefit of this framework is evaluated through the case 
studies of some scientific synthetic and user programs. 

3] Monitoring System for IT Infrastructure: 

A monitoring system for the IT infrastructure at VECC has been developed using Nagios. 
Nagios is a powerful open source monitoring framework to identify and resolve IT infrastructure 
related service issues. The developed system can do full-fledged monitoring and alert message 
generation for servers, switches, services and applications. The basic framework of Nagios looks 
as shown in Fig 5.01.1. 
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Fig. 5.01.2: Few Snapshots of the System 

 
  

 
 
 
 
 
 
 
 
 
 
 
Some of the salient features of the 
Monitoring System are described below. 

• Can monitor entire Network 
Infrastructure of VECC and open 
for future expansion.  

• Allows System-
Administrators/Maintainers to 
monitor at ease custom 
applications, services and 
systems (switches, routers, etc) 
located in the campus LAN of 
VECC with its powerful script-
APIs stored as plug-ins. 

• Can generate detailed status 
information through web 
interface on demand for ease of understanding. 

• Maintains historical reports of alerts, notifications, outages, and alert response inside 
mysql database for future evaluation and record. 

• Open for future plug-ins for necessary upgrade and inclusion of new services and 
devices.    
 

 

4] Trouble Ticketing System for IT and Related Services: 
 

The newly developed Trouble Ticketing System (TTS) is basically a ticket initiation, 
monitoring and tracking system for solving users’ request/problems related to services provided 
by Computer and Informatics Group. It can be extended to any problem tracking system.  The 
system is based on open source software called Open source Ticket Request System (OTRS) with 
various features to manage telephone calls and e-mails for any kind of resources and service 
demands on IT and related services. 
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Fig. 5.01.1: System Architecture 



Fig. 5.01.4: Few Snapshots of the System 

 The requests for any service or any kind of resources are being made either 
verbally, or by e-mail or over telephone 
or by pen and paper written format. It is 
very difficult for the people who process 
those requests in an organized, 
structured and modular fashion. Most 
importantly, the users who are seeking 
the help may find difficulties to get the 
required service for technical reasons and 
may not even be able to escalate to the 
proper higher authority on time.  

The new system can maintain the 
entire track starting from ticket initiation to 
the closure of any particular request very 
well. The tickets generated have various 
functionalities like expanded queue view, fast 
overview of new requests in a queue, locking 
of Tickets, Creation of own auto answer 
templates, Creation of own auto responders, 
configurable for every queue, Ticket history, 
overview of all events for a ticket (changes of 
ticket states, replies, notes, etc.), Print view 
for tickets, Adding own (internal or external) notes to a ticket (text and attachments),Ticket 
zooming, Moving tickets between queues, Full text search on all tickets is possible and many 
more.  

The tickets generated by the TTS users are answered by the authorized personnel who 
are responsible for that particular service. The agents are of three categories i.e. level-1, level-2, 
level-3. In the beginning, the responsibility lies with the level-1 agent for a particular service. If 
he/she fails to close the ticket within stipulated time, it is escalated to the next higher authority, 
the level-2 agent. If he/she fails then only the level-3 agents are involved in the action. Some of 
the features of the system are described below. 

Easy Handling with Web Interfaces:  
• To administer the system via the web is available.  
• To handle user requests by employees/agents via the web is integrated. 
• To write new tickets, check the state, answer old tickets and search through their own 

tickets.  
Alert Message/Status Reporting through Mail interface:  

Fig. 5.01.3: Software 
 



• To auto answers for users, configurable for every queue.  
• To Email notifications for agents about new tickets, follow-ups or unlocked tickets.  
• To follow-ups by references or In-Reply-To header entries.  

System Features:  
• Can run on many operating systems (Linux, Solaris, AIX, FreeBSD, OpenBSD, Mac-OS-

10.x, and Ms Windows).  
• Can link several Ticketing objects e.g. tickets  
• Supports several database systems as back-end, e.g. MySQL, PostgreSQL, Oracle, DB2. 
• Can do authentication for agents/users via database, LDAP, HTTPAuth or Radius. 
• Can forward Escalation of Problem-Tickets.  

 Few snapshot of the operation the TTS System. 
 

5] Handheld RFID Reader System Developed at VECC: 

A handheld RFID reader system has been developed at VECC using ATmega162 
microcontroller. This microcontroller has 16KB Flash program memory and 1KB SRAM. The 
entire system can be divided into five sub-modules e.g. LCD display Interface section, RFID 
module interface section, Real time clock interface section, Bluetooth interface section and SD 
card interface section. All these sections are controlled by the ATmega162 microcontroller and 
the required code to control the sections is written in MikroC PRO software. The basic block 
diagram is shown in Fig. 5.01.5. 

  

 

When a Mifare RFID card is present and the scan switch is pressed the microcontroller 
receives the UID of the card through the RFID module. Once a valid UID is received the 
controller shows an image of the particular employee in the LCD display otherwise it will show 
“NO IMAGE” .All the images are stored in the SD card which is formatted by FAT32 file system. 
After showing the image the controller stores all the card punch information like date time and 
UID into a file inside the SD card as well as it sends all the information to a remote computer 

Fig. 5.01.5: Block Diagram Fig. 5.01.6: Prototype System 



through Bluetooth module. A bi-colour LED, attached to the system, gives the visual indication 
of card reading status. If the card reading is successful then it shows green light otherwise red.     

6] Online TLD Badge Identification System Developed at VECC: 

An online TLD badge identification system has been developed at VECC using 
ATmega162 microcontroller. This system is developed to ensure that the person entering into 
radioactive zone is carrying his/her TLD badge. The entire system is divided into three sub 
modules e.g. infrared transmitter, infrared receiver control section and RFID interface section. 
Entire code for this system is written in MikroC PRO software. The basic block diagram is shown 
is Fig. 5.01.7.  

 

 

 

 

 

RFID key tag is mounted in the entire TLD badge. When a person passes through the 
radiation zone entrance the IR receiver detects the presence of the person. On successful 
detection, the controller activates the RFID reader module. The person needs to show his/her 
TLD badge to the RFID reader then the controller will receive the data from reader module and 
send it to the pc. All the database of TLD badges and employee ID-card s are stored in the pc. 
The pc will check whether the person is entering with 
proper TLD badge or not. If not then his/her records will be 
logged into the database. Status of all the persons entered 
without proper TLD badges are displayed on a live screen 
all the time.  The system has been tested successfully in 
laboratory. For actual installation some mechanical  
arrangements are going on. 

 

 

Fig. 5.01.7: Block Diagram 

Fig. 5.01.8: Prototype System 



7] FPGA based Readout Controller Board for Muon Detectors in CBM 
Experiments at FAIR: 

Readout controller Board is one of the most important components in DAQ chain. Each 
board is capable of handling at most 256 channels. It can perform status checking, monitoring 
of FEE board and data acquisition from FEE. The data collected in these boards are combined 
with tag and timestamp data and are forwarded to DCB/PC side either by optical fiber or by 
Ethernet 100 mbps. The job of remaking/modifying for MUON detectors was entrusted upon 
us. We successfully completed 13 such boards so far and tested. The reaming 12 boards are to 
be tested shortly. It is one of the greatest contributions of VECC in the field of development of 
electronics for CBM Collaboration.  

The readout controller board was tested on beam at COSY-ring at Juelich, IKP which 
provides ~ 3 GeV proton. 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Fig. 5.01.9: Block Diagram of the board firmware.
  

Fig. 5.01.10: Picture of an ROC Boards. 



 

 

 

International collaborative efforts for the search and study of the Quark Gluon Plasma 
(QGP) have been going on at VECC with active participations in the STAR experiment at 
Brookhaven National Laboratory (BNL), New York, the ALICE experiment at CERN, Geneva and 
CBM experiment at GSI, Darmstadt. In addition, detector developments have been ongoing for 
the Indian Neutrino Observatory (INO) and other areas of applications like medical imaging. 

The Photon Multiplicity Detector (PMD), installed in the year 2003 in the STAR 
experiment completed data taking with the beam energy program scan program, the goal of 
which is to search for the QCD Critical Point. The detector has been decommissioned and 
dismantled in August 2011. The components of the detector will be utilized at VECC in setting 
up a new experiment on cosmic muon scattering from heavy materials.  

The VECC group has taken a leading 
role in the search for the Critical Point by 
analyzing the higher moments of net-proton 
and net-charge distributions along with 
other intriguing signatures. In the next 
phase of activity, a prototype multi-gap 
resistive plate chamber (MRPC) has been 
constructed for the Muon Tracking Detector 
(MTD) of STAR. A photograph of the MRPC 
under test is shown in the Fig. 5.11.1.  

 

The PMD in the ALICE experiment took data successfully for proton-proton and Pb-Pb 
collisions at the Large Hadron Collider (LHC) of CERN. As part of future upgrade of detectors in 
ALICE scheduled to take place in 2017, the VECC group has made a proposal to install a Forward 
Electromagnetic Calorimeter (FoCAL), made up of twenty-five layers of tungsten as converter 
and silicon pads as readout. The group has fabricated arrays of 1mm x 1mm silicon pixel 
detectors in collaboration with BARC and BEL, Bangalore. The detectors have been tested at 
CERN using high-energy beams. The results look very reasonable. Development efforts for large 
arrays of 1cm2 silicon pad detectors and 1mm2 silicon pixel detectors and their readouts are in 
progress. 
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Fig. 5.11.1: One Multi-gap RPC fabricated at VECC 
ready for testing 

 



The Tier-2 ALICE GRID centre at VECC has been upgraded with the addition of 230 TB of 
storage systems and 10 HEPSpec2006 computing power as pledged to the ALICE Collaboration 
regarding computing resources. The GRID centre has been providing excellent performance. 
Users within and outside the country have been heavily using the computers for the analysis of 
the data from the LHC.  

A dedicated centre for data monitoring and analysis for the ALICE experiment has been 
setup at VECC for the experts to remotely monitor the detector components. The centre 
provides an excellent environment for training new students and post-doctoral fellows, 
preparing them for shift duty in the ALICE Control Room at CERN. 

  VECC has been working for the last 2-3 years on taking part in activities related to the 
upcoming FAIR accelerator facility at Darmstadt, Germany in building the superconducting 
magnets for FAIR accelerator and in developing the muon detection system for the Compressed 
Baryonic Matter Experiment for FAIR. CBM aims to study the high density baryonic matter to be 
created in the heavy ion collisions at FAIR energy. Because of the focus on rare-probe search, 
CBM detectors will need to operate at a very high rate up to 10 MHz/cm2 and in a radiation 
hard environment. Development of a Gas Electron Multiplier (GEM)-based gas detector system 
is underway. The detectors installed in the COSY test setup are shown in Fig. 5.11.2. Further 
tests are planned to study the performance at high rate and high radiation environment. A 
large size sector shaped chamber with pads of radially increasing size and equally segmented in 
azimuth is being built at VECC to be tested at COSY in January 2012.  

 

 

Development of radiation resistant high density electronics for CBM experiment is being 
planned. As a first step towards achieving this goal fabrication of ten (10) Readout Controllers 
(ROC) boards have been made with the help of Indian Industry. These boards will form the 

Fig. 5.11.3: One Read-Out Controller (ROC) 
board built in India for CBM R&D 

 

Fig. 5.11.2: Two GEM detectors (in a box) 
installed in JESSICA test beam line at COSY, 

 

 



integral part of all the further R&D test setups in CBM. Fig. 5.11.3 shows the photograph of a 
board built in India.  

The INO-laboratory at VECC, in which a 30-ton Iron Calorimeter (ICAL) has been installed 
for cosmic ray detection using 12 Resistive Plate Chambers (RPCs) has been taking data 
successfully over last one year. Several students working in the INO project have taken part in 
data-taking shifts at VECC. A major program has been launched where INO collaborators from 
all over the country have been engaged in analysis of this data set consisting of several million 
cosmic-ray events. A cosmic ray track as detected by the prototype calorimeter is shown in Fig. 
5.11.4. 

     

 

 

As a part of the applications of GEMs and MRPCs in the area of medical imaging, a 
laboratory has been setup at VECC.  A dedicated lead enclosure and an X-ray machine have 
been installed along with the gas distribution and data acquisition system. MRPCs due to their 
excellent time resolutions have the capability to be used as an inexpensive PET imaging 
detector-system. A time resolution of 50 ps for the PET photon pairs can help to achieve a 
micron-level resolution in detecting the point of annihilation.  A pair of MRPCs both made of 
glass electrodes has been built to detect 511-keV photon pairs from the point of annihilation in 
PET imaging system.  A setup has been made where 511-keV photon pairs from the Na22 source 
will be detected by these MRPCs for feasibility study of PET imaging. 

Fig. 5.11.4: One track detected by twelve RPCs in the 
INO-prototype ICAL at VECC. 
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