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Executive summary 
The Superconducting cyclotron (SCC) at VECC has successfully accelerated several 
internal beam (Neon, Argon, Oxygen and Nitrogen) up to the extraction radius. One of 
the external beam lines has already been completed and commissioned.  The SCC 
along with the other subsystems are getting ready to deliver beam for experiments. 
The rejuvenated room temperature cyclotron (RTC) has been  accelerating high 
quality stable alpha and proton beams for nuclear physics and material science 
experiments.  The machine is ready to act as the primary accelerator for the upcoming 
Radioactive Ion Beam (RIB) Facility at the centre.  A plasma ion source based 
Focused Ion Beam (FIB) system has been developed for micro-machining 
applications.  A low energy heavy ion irradiation/implantation facility has been 
developed for materials science and atomic physics research. Intensive computer 
control for both the SCC and RTC have been designed, developed and installed for 
smooth operation of the cyclotrons. The scope of the remote operation extends to the 
various sub-systems of the cyclotrons including the power supplies, vacuum systems, 
etc. 
The development of cryogenic technology at VECC has been boosted by installation 
and integration of a new helium liquefier of 415W refrigeration capacity at 4.5K with 
an unique paralleling technique that allows its operation along with the existing 
liquefier that adds redundancy to the already existing system. A novel cryosorption 
based helium purifier has further been developed and commissioned at VECC in 
collaboration with NIT, Rourkela. 
Capitalizing on the expertise gained on the cryogenic technology from  the K-500 
Superconducting Cyclotron Project, VECC has undertaken a three stage programme 
of developing Superconducting Magnetic Energy Storage (SMES) system to address 
the power quality problems that adversely affects critical loads like accelerator 
facilities. In its first phase, a 0.6 MJ coil has been designed, developed, assembled and 
tested.  Currently the power electronics development for this system  is under 
progress. 
The Regional Radiation Medicine Centre  has continued various nuclear diagnostics 
and radio nuclide therapy to hundreds of patients. Apart from this, RRMC has also 
been involved in various collaboration works with other research institutes. Imaging 
technologies for early detection of breast cancer has also been taken up by VECC and 
is being currently pursued with the aim of developing a cheaper alternative to this 
scarcely available instrument. 
VECC’s Computer and Informatics group, in collaboration with BARC, has deployed 
a mobile robot in the K-130 Room Temperature Cyclotron vault and experimental 
caves to map the dose-profile of the various regions around the main machine. 
Development and successful testing of E-Tongue that identifies various elements with 
its array of sensors and related electronics have been performed in collaboration with 
CDAC, Kolkata. The IT service of VECC has been diversified with its web based 
email service using  a powerful server. 
 



The Radioactive Ion Beam Facilities group has developed a number of advanced 
accelerators such as the Radio Frequency Quadrupole (RFQ) and IH Linacs for the 
first time in the country. The facility will help in  understanding  the physics of short-
lived atomic nuclei. The facility would accelerate RIBs as well as stable heavy-ions of 
high intensity.  
 
With the availability of alpha beam from the upgraded, K=130 cyclotron at VECC, 
various experimental program, such as, study of level density parameter and 
temperature dependence of Giant Dipole Resonance (GDR) have been taken up with 
multi-detector array setup, developed at VECC. 
 
The photon multiplicity detector (PMD), built by VECC in collaboration with other 
Indian groups has been successfully  installed in the CERN-ALICE experiment, which 
started taking data from day one  and continued  its operation till  lead-lead collisions 
at the record energy of 2.7 Tera electron Volt (TeV) per nucleon. The GRID 
Computing facility at VECC is being used for the analysis of data. 
At VECC’s theoretical physics division  basic research on nuclear fission dynamics, 
equation of state of dense nuclear matter, relativistic viscous hydrodynamics,  
electromagnetic signals of quark gluon plasma, production of heavy quarks at ultra-
relativistic heavy ion collisions, non-equilibrium evolution of heavy flavours in a 
thermalized system of quarks and gluons and change of hadronic spectral function at 
finite temperature and density  were carried on. 
 
Detailed Description 
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5.07 Cyclotrons and their Utilisation 
 
Upgradation and Re-commissioning of K-130 Room Temperature Cyclotron 
(RTC): 
The new magnet power supplies (for the main magnet, trim coils, quadrupole 
magnets, steering magnets, switching magnet, etc.) have been installed at the newly 
renovated pit area. DC Power Supplies (viz. Anode Power Supply, Grid Power 
Supply, Screen Power Supply, Filament Power Supply) for biasing the RF tetrode 
tubes have been developed and fabricated in house. The relay-based safety interlock 
system has been renovated with the Programmable Logic Controller (PLC) based 
safety interlock system that connects the entire RF system. The main diffusion pumps 
have been equipped with new 36-inch gate valves and PLC based control of the entire 
vacuum system has been incorporated, which has improved the quality and reliability 
of the vacuum system. 

Following the up-gradation, the RTC (Fig. 5.07.1) has been re-commissioned  at 
VECC with 40 MeV alpha beam  extracted from the machine. A picture of external 
beam in the first beam viewer on the external beam line is shown in Fig. 5.07.2. 
 
 
 



Beam Energy 
Presently the RTC is delivering alpha beam with energy ranging from 30 MeV to 60 
MeV and maximum extracted beam current of about 8 µA. Proton beam with energy 
ranging from 7.5 MeV to 15 MeV is also being delivered with maximum extracted 
beam current of about 20 µA for 10 MeV protons. The stability and the quality of the 
beam have improved tremendously after the modernization of the RTC.   The machine 
has already delivered beam for 3000 hours for conducting experiments in nuclear 
physics, radio-chemistry, material science as well as for pilot experiments for the 
production of radioactive beam. 
 
 

                         
Fig. 5.07.1: K130 Cyclotron                  Fig. 5.07.2: First extracted beam after  

                                                                        recommissioning

First Beam Acceleration Superconducting Cyclotron (SCC) and its Present 
Status (Fig. 5.07.3- Fig. 5.07.4) 

The beam trials started after 45 kV dee voltage was attained  on the three dees 
driven by independent amplifiers and their suitable phase stability were achieved  for 
beam acceleration. All the diagnostics were made functional overcoming initial 
problems of measuring low beam currents in RF environment. Several major problems 
cropped up while conditioning of RF cavities, like degradation of viton o-ring and 
insulation ceramic cracking at moderate RF power levels. Consequently operating at 
low power levels, Ne3+ beam was accelerated in second harmonic mode (at 3 Tesla 
magnetic field and 14 MHz RF). A neutron flux of 10 n/cm2/sec was measured with 30 
pnA beam current at 88 MeV energy.  A liquid scintillation (BC-501A) along with 
standard Pulse Shape Discrimination (PSD) Circuit  was used to detect both neutron 
and gamma based on rise time dependent signals (Fig. 5.07.5).  
Subsequently,  beams of nitrogen, neon, argon etc. have been accelerated in the 
cyclotron before taking a shutdown for installation of extraction system and major 
augmentation of cryogenic plant. The extraction system has two electrostatic 
deflectors, eight passive magnetic channels and one active magnetic channel. The 
deflectors have been conditioned properly on the high voltage test stand and then 
installed in the cyclotron. The magnetic channels are movable and they serve as beam 
diagnostics also. 
   
 



 
         Fig. 5.07.3: Superconducting Cyclotron at VECC 

                         
Fig. 5.07.4: SCC Control room                  Fig. 5.07.5: Neutron-Gamma discrimination  

   at 650 mm radius with liquid scintilator 

Cryogenics 
A new helium liquefier, Helial 2000 (Fig. 5.07.6), of 415 W refrigeration 

capacity at 4.5K has been successfully installed and interfaced with the existing one 
(Helial 50) to cater to the Superconducting Cyclotron(SCC)  and other refrigeration 
loads of the  XIth plan projects and adding redundancy to the already existing 
cryogenic system. With control and instrumentation developed in-house, this features 
a unique system where two liquefiers are running in parallel with three screw 
compressors. 

Further, in collaboration with National Institute of Technology (NIT), 
Rourkela, VECC has indigenously developed and successfully commissioned a 
cryosorption based helium purifier (Fig. 5.07.7). This novel design warrants 
purification of helium containing 40% air impurities to a contaminant level below 50 
ppm at a flow rate of 20Nm3/hr and 120 atm operating pressure. 



                                                                                   
Fig. 5.07.6: Cold Box of Helial 2000             Fig. 5.07.7: Adsorber columns of purifier    
 
 
Mechanical System Development 

The external beam line (Fig. 5.07.8) for the superconducting cyclotron was 
assembled and tested as was the scattering chamber for the first experimental setup of 
the superconducting cyclotron. For the room temperature cyclotron, design analysis 
and modeling work to upgrade the RF cavities is being presently pursued. In this 
regard and also to fabricate critical component for upcoming accelerator projects, 
several state-of-the-art machines have been  procured and installed. 

 
Fig. 5.07.8: Picture of first external beam line 

Computer Control 
 Intensive computer control for both the Room Temperature as well as the 
Superconducting Cyclotron have been designed, developed and installed for smooth 
operation of both the machines. With necessary electronic instrumentation and 
interfacing (Fig. 5.07.9), acceleration of charged particle beams is being efficiently 
controlled from the operator’s console.  Besides the remotely controlled power 
supplies, computerized remote control of vacuum system (Fig. 5.07.10) is also being 
deployed. This control-software supervises over the pumping modules, valves, gauges 
that operate to maintain high vacuum in the 23 m3 and 1 m3 beam chambers of RTC 
and SCC respectively. Another major development was the beam diagnostic system 
(Fig. 5.07.11) of SCC that employs sophisticated instrumentation for beam monitoring 
which is required during tuning and delivery of the beam. 



 
Fig. 5.07.9: Beam Line Magnet power Supplies Interface 

 
Fig. 5.07.10: The operator interface of the Vacuum System 

 
Fig. 5.07.11: Graphical User Interface for Beam Diagnostic System 

 
Ion Beam Micro-Machining System 
A plasma ion source based Focused Ion Beam (FIB) system for micromachining applications 
has been developed at VECC. It has various advantages over conventional liquid metal ion 
source based FIB system such as: Ion beams of gaseous species are possible thereby 
eliminating the sample contamination, ions of various species are available for direct 
oxidation and nitridation of material in microscales and continuous operation.  This system 
consists of an inductively coupled RF plasma ion source operating at 13.56 MHz, ion 
extraction system, ion beam focusing column and the 3-axis translation stage. 
Characterisation of the ion source shows that the ion beam brightness is about 3x104 A m-2 sr-

1 V-1 and ion beam energy spread is < 5 eV. Fig 5.07.12 shows the ICP ion source with Argon 
plasma at 100W or RF power.   



        
Fig. 5.07.12: RF ion source with Argon plasma Fig. 5.07.13: FIB system mounted on     
                                                                vibration isolation platform 

Ion beam with divergence of ± 1.25 mrad is chosen using fine aperture and focused by 
single einzel lens at 1 mm working distance.   So far ion beam is focused to 1.5 µm diameter 
with current density of > 350 mA/cm2.  Fig 5.07.13 shows the complete assembly of the 
system set up on the vibration isolation system.   

Several micromachining experiments have been carried out on silicon and copper 
substrates using Ar ion beam.  Translation stage is moved across the beam in both x and y 
directions to micromachine the desired patterns. Fig. 5.07.14 (two at the left) shows few 
regular patterns micromachined on Si wafer by 4 KeV Argon ion beam. Fig. 5.07.14 (right 
panel) is the official logo of Variable Energy Cyclotron Centre and is micromachined on Si 
wafer within 200 um x 200 um square area. It is estimated that the milling rate is ~ 1 µm3/sec 
are possible with this system and 5 µm (FWHM) diameter ion beams upto  8 KeV are 
available for various applications. 

   
Fig. 5.07.14: Regular patterns of lines and dots micromachined on Si wafer 

VEC-ECR Low Energy Ion Beam Facility (Fig. 5.07.15) 
A low energy heavy ion irradiation/implantation facility has been developed for materials 
science and atomic physics research. It utilizes the indigenously developed 6.4 GHz ECR ion 
source. The facility provides a unique tool for surface modification in materials, by a broad 
range of high charge state ion species like N, O, Ne, Ar, Kr, Xe, Fe, Ti etc. It can deliver ion 
beams up to a few micro amperes at an energy of 10 keV per charge state, enabling to 
generate high defect densities i.e. high value of displacement-per-atom (dpa). The beam 
energy can be further enhanced by keeping the target floating at a negative potential (upto 
25kV). The ion beam is focused to a spot of about 2 mm diameter on the target using a glaser 
lens. A magnetic X-Y scanner is used to scan the beam over a target area of 10mm x 10mm 
for uniform implantation. The sample chamber has provision for mounting multiple samples 
on indigenously developed disposable beam viewer for in-situ beam viewing during the 
implantation.  

 



 
Fig. 5.07.15: Low energy heavy ion irradiation/implantation facility 

 
 
Head: MP-4 Advance Technologies and their Applications 
4A: Advance Technologies and their Applications (includes sub-programmes) 
4.11 Advanced Technologies 
 
Superconducting Magnetic Energy Storage System Technology Development 

Power Quality, an important issue in power distribution systems is felt 
especially for critical machines, industrial developments, computer control processes 
that are sensitive to any voltage sag (dip) or short interruptions in the utility supply 
line. These disturbances in supply increase the down time of the machine and hence 
the cost of production. The superconducting magnetic energy storage (SMES) system 
is a clean and environment friendly attractive solution for the power quality problems 
with the ability to mitigate short time voltage fluctuations. 
 SMES unit is a device that stores energy in the form of magnetic field 
generated by the dc current flowing through the superconducting coil. A field of ~ 7T 
produces an energy density of 20 MJ/m3. Armed with the expertise gained by the 
realization of the large superconducting cyclotron magnet and related cryogenics, 
VECC has ventured on taking up the task of developing SMES devices in  XIth five 
year plan in a three stage programme of developing 0.6MJ, 5MJ and 30MJ systems. 

The detail design of NbTi based cryostable and solenoid type 0.6 MJ SMES 
coil with all related instrumentations quench detection and protection systems e.g., 
energy dump resistors has been carried out, fabricated and assembled in house (Fig. 
4.11.2). The coil with 800 kg cold mass and sufficient stability margin underwent 
rigorous cryogenic testing after it was cooled down to 4.5 K. High temperature 
superconductor (BSCCO-2223) based current leads for significant heat load reduction 
have also been designed, fabricated and tested. 

The Power Conditioning System (PCS) with the energy storage capability 
working as a Dynamic Voltage Restorer, which being the most effective and viable 
solution for mitigating the voltage sag of the electrical utility supply, is shown in Fig. 
4.11.3. The major components of the PCS consists of rectifier and dc-dc chopper for 
charging and discharging of the SMES coil, a voltage source inverter for mitigating 
the power line sag, deriving energy from the rectifier-chopper-SMES coil assembly, 
passive filters for suppressing unwanted harmonics, injection transformer and DSP 



based control and instrumentation for voltage sag detection and mitigation. The 
fabrication of the various sub-assemblies of the PCS is currently under progress. 
 

                           
Fig. 4.11.1: Basic layout of SMES system 

 
Fig. 4.11.2: Prototype SMES coil during assembly in cryostat 

 
Fig. 4.11.3: Power conditioning system using SMES 
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4B: Radiation Technologies and their Applications 
4.05 Health 
The Regional Radiation Medicine Centre (RRMC) of VECC brings the benefits of 
nuclear science to the common man of eastern India for the diagnosis and treatment of 
human diseases. The present activities of the RRMC include in-vivo nuclear imaging, 
in-vivo non-imaging studies, in-vitro diagnostic studies, and radionuclide therapy. 



In-vivo nuclear imaging 
The most important equipment at the RRMC is the state-of-art Dual Head Gamma 
Camera (Fig. 4.05.1) with CT (Infinia Hawkeye TM), installed from GE, that is used 
for static imaging like Skeletal, Thyroid, Liver, Whole body I-131(Large Dose) and 
dynamic imaging such as Renal Dynamic, Hepatobiliary, G.I. bleeding, etc. 
Occasionally the camera has also being utilized for more sophisticated imaging like 
SPECT/CT imaging of skeletal system, Myocardial Perfusion Imaging, Gated Blood 
Pool Imaging, Scintimammography, Parathyroid imaging, etc. which are useful in 
diagnosing diseases like cancer of various organs, kidney problems, ischemic heart 
diseases, disorders of thyroid and other endocrine glands. Currently, around 180 
patients undergo various imaging studies on the Gamma Camera in every month. 
In vivo non-imaging 
In-vivo non-imaging studies being performed at the RRMC include Thyroidal I-131 
uptake studies for diagnosing diseases of the thyroid gland. Nuclear hematological 
studies with Cr-51 labeled RBC, like total RBC mass estimation, RBC survival, and 
Splenic RBC sequestration studies are also being performed. These nuclear 
hematological studies –done in very few centres in India - are important for 
management of blood disorders like Thalassemia. Around 35 patients undergo in-vivo 
non-imaging studies every month. 
In vitro diagnostic studies 
Among the in-vitro diagnostic studies that are being performed regularly include 
radioimmunoassay of thyroid hormones (Triiodothyronine, T-3 and Thyroxin, T-4), as 
well as Thyroid Stimulating Hormone (TSH) and Free thyroxin (Free T-4). A PC 
Based Multi detector Automatic RIA Counter has been imported that ensures rapid 
generation and better quality of RIA reports. Around 250 patients undergo various in 
vitro studies every month. 
Radio nuclide therapy 
In collaboration with the CCWH&RI, the facility for high dose I – 131 therapy – 
unique in West Bengal - for thyroid cancer had treated 32 patients in the current year. 
Research Activities 
Besides its routine activities, RRMC is presently carrying out research collaboration 
projects with Indian Institute of Chemical Biology, Kolkata, BRIT that include animal 
trials of various newly developed radiopharmaceuticals for imaging and therapy. 

 
Fig. 4.05.1: Dual Head Gamma Camera 
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5.01 Mathematics and Computational Sciences 
 
Remote Radiation Mapping of the Kolkata K-130 Cyclotron Using Mobile Robot 

An indigenously built mobile robot (Fig. 5.01.1) has been deployed to 
determine the distribution of the radiation dose during the operation of K-130 Room 
Temperature Cyclotron at Variable Energy Cyclotron Centre at different regions in the 
Cyclotron vault as well as in the adjoining experimental caves at different energy 

levels. The dose-profile is of immense importance for 
the health physicists and the mobile robot, equipped 
with a neutron and a gamma monitor, is tele-operated 
from the control room. This development is the result of 
the collaborative effort of Computer & Informatics 
Group of VECC, Division of Remote Handling & 
Robotics of BARC and the Health Physics Unit of 
BARC stationed at VECC. 

 
Fig. 5.01.1: Mobile robot with radiation meter 
 
Exploratory Studies towards Development of Electronic Tongue for Detection of 
Rare Earth Elements in Natural Surroundings 

In collaboration with the Centre for the Development of Advanced Computing 
(CDAC), Kolkata, C&I Group, VECC has developed an electronic tongue (Fig. 
5.01.2), based on Voltametric Technique with sensor array made of gold, platinum 
etc., for detection and quantitative determination of different elements (Lanthanum, 
Cerium, Europium, Actinium, Zirconium) in aqueous solutions. Sample analysis using 
E-Tongue enabled accurate identification of various elements. 
 

 
Fig. 5.01.2: Electrode array of E-Tongue 

 
IT Services over VECC Campus LAN 

A modern network infrastructure(Fig. 5.01.3) has been set up with a very high 
speed (Gigabit) backbone using optical fiber and fast Ethernet connectivity to the 
desktop following a 3-tier Local Area Network (LAN) topology. It has diversified its 



activities by providing web based mail service with a central email server with 30 TB 
storage area, Internet services with ensured information security, using Network 
Access Control, proxy server and various security appliances including firewall. 
 

 
Fig. 5.01.3:  3-tier Local Area Network (LAN) topology 

 
Gamma Imaging System for early detection of cancer 

Breast Cancer diagnosis suffers from the 
absence or scarcity of early detection 
instruments. A project has been taken up at 
VECC, to develop a low cost high resolution 
gamma imaging device for early detection of 
breast cancer. The design of pixilated detector, 
signal processing electronics and image 
processing software is at an advanced stage 
(Fig. 5.01.4). 
 

 
Fig. 5.01.4: Experimental setup for Image acquisition of Gamma Camera 
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5.02 Physics 
 
Radioactive Ion Beam Project 

VECC’s Radioactive Ion Beam (RIB)  Project (Fig. 5.02.1), an activity at the 
frontier of nuclear physics and state of the art accelerator technology, has progressed 
considerably in terms of developing a number of advanced accelerators for the first 
time in the country, such as the Radio Frequency Quadrupole (RFQ) and  IH Linacs. 
The facility will help in the understanding of the physics of short-lived atomic nuclei - 
most importantly, how the different elements that we find on earth and of which we 
are made of are synthesized in explosive stellar environment, such as a type II 
Supernovae explosion. The facility would accelerate RIBs as well as stable heavy-ions 
of high intensity. The advancement made in the project has already produced a large 



number of publications  in reputed international journals in accelerator physics and 
condensed matter physics using the presently available stable ion-beams. 
 

 
Fig. 5.02.1: Layout of the RIB facility. Inset Linac-2 module of the RIB facility 

 
Experimental Nuclear Physics 
 Several nuclear physics experiments have been carried out at VECC using the 
alpha beam for reaction dynamics and nuclear structure studies. One of the 
experiments aims to extract the level density parameter in different mass region as a 
function of angular momentum by measuring the gamma ray multiplicity gated light 
charged particle and neutron evaporation spectra. Si-Strip-CsI(Tl) based charged 
particle detectors, indigenously made Liquid Scintillator (BC501A) based neutron 
Time-Of-Flight (TOF) detectors and BaF2 gamma multiplicity detectors have been 
used for the above experiment to detect charged particle, neutron and gamma 
multiplicity. Another experiment has been setup to probe temperature dependence of 
GDR using the large area BaF2 detector array developed at VECC. An experimental 
setup of various detector systems has been shown in Fig. 5.02.2. 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5.02.2 : Detector setup at the experimental cave. The setup of Si-strip detectors 
inside the target chamber has been shown in the inset.  
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5.11 International Research Collaboration 

 
The year 2010 brought a new era in the scientific world with the commissioning and 
successful year-long operation of the most expensive scientific facility in the world, 
the Large Hadron Collider (LHC) built at the European Nuclear Research Centre 
(CERN) in Geneva (Switzerland). India has played major role in the construction of 
the accelerator and Indian scientists have made contributions to two of the large 
experimental systems named ALICE and CMS in terms of detector hardware, 
electronics processing chips and data processing and analysis software. 
ALICE (A Large Ion Collider Experiment) is one of the four major experimental setup 
at the LHC and is dedicated to search for a novel state of matter, called quark gluon 
plasma that existed in the micro-second old universe according to the Big Bang model 
of Cosmology. The experiment has several subsystems, one of which is the photon 
multiplicity detector (PMD) built by Indian scientists under the leadership of VECC. 
It consists of a large array of tiny gas proportional counters whose signals are 
processed by Indian-built electronics chip. The detector as installed in ALICE for pp 
collision is shown in Fig. 5.11.1. The detector is situated at 360 cm from the point of 
collision and covers the angular range from 2 deg. to 10 deg. 
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Fig. 5.11.1: The  ALICE-PMD at CERN-LHC 

 The detector records signature of high energy photons and charged particles 
produced in the collision of nuclei and the data on the spatial distribution of these 
particles, after suitable reconstruction and analysis, is expected to reveal information 
about the nature of matter, which is produced for a very short time ~10-23 sec. The 
ALICE experiment is expected to produce several peta-bytes of data each year. These 
have to be processed in several passes and the analysis will be done by the members 
of the collaboration  to extract physics. Computing requirements for such processing 
being huge,  
 GRID computing (distributed computing over the internet) scheme has been 
adopted to meet the demand of computing power and storage. The scheme is based on 
a hierarchical Tier scheme, with Tier-0 being at CERN providing storage for raw data 
and processing for early passes, six Tier-1 facilities set up at major computing centres 
and further down a number of Tier-2 facilities at many collaborating institutions 
around the world. At VECC, a Tier-2 facility, using latest computing hardware and 
software, has been set up with a pledge to contribute about 3% of the computing 
resources required by the ALICE experiment. The presently installed system 
represents 40% of the pledged resources as per the plan till this year. It has its private 
dedicated network of 100 Mbps and has 32 public IP addresses. The system will be 
progressively upgraded to full pledged capacity in three years. 
The system has been running smoothly with availability and reliability figures in 
excess of 90% for the past couple of years. The data are regularly monitored and 
published. Jobs submitted from around the world are being processed regularly. 
During Aug-Oct. 2010, 31000 jobs in total have been processed during the three 
month period. The facility is being used by all the scientists working for the ALICE 
experiment. 
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5.02 Physics 
Stochastic dynamics of nuclear fission is studied in the framework of Langevin 
equations. The role of shape-dependence of nuclear dissipation is investigated in terms 
of the number of neutrons emitted at different stages of fission. Fission widths are 



calculated by considering fission as diffusion of a Brownian particle with variable 
collective inertia. 
In the pursuit of obtaining nuclear properties from basic interactions, the proton 
radioactive decay rates are calculated from a finite-range effective Yukawa 
interaction. Equation of state calculated using the same effective interaction is also 
found to account for the properties of pure hadronic compact stars. A parametric 
model is developed to predict neutron-nucleus total and reaction cross-sections 
accurately. The photo-fission cross sections of nuclei executing giant dipole 
oscillations are calculated. 
Space-time evolution of the hot matter created in nuclear collisions at ultra-relativistic 
energies is studied using the relativistic viscous hydrodynamics. The charged particle 
energy spectra and the elliptic flow of the matter are evaluated in order to investigate 
signatures of phase transition from hadrons to quark gluon plasma. The evolution of 
radial flow in the system formed in ultra-relativistic heavy ion collisions is  estimated 
by using real and virtual photon spectra.The effective drag and diffusion coefficients 
of the quark gluon matter are evaluated by using both the radiative and collisional 
processes. Using these transport coefficients as inputs the Fokker-Planck equation is 
solved to characterize the quark gluon matter formed in nuclear collisions by 
evaluating the nuclear suppression factor and azimuthal anisotropy of heavy quarks.  
Two particle correlation functions  with both real and virtual photons have been 
evaluated and it has been shown that this can be used as a very efficient tool to 
understand the phase transition from hadronic to quark matter.  The spectral function 
of light vector mesons and nucleons are evaluated at non-zero temperature and baryon 
density using the techniques of thermal field theory.  
 


