
Executive Summary: 

  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 and with different state of art 
detection system available at the centre.  Several detector systems have been developed and used to 
conduct experiments at K-130 room temperature cyclotron. Some of these facilities will be used in the 
Superconducting Cyclotron (SCC) also. Low energy light ion beam has been targeted for the first time 
in the K130 machine. Also acceleration in the fifth harmonic mode and development of proton beam 
in the third harmonic mode has also been carried out for the first time. The vacuum of the beam 
chamber of the K-130 cyclotron has been improved by repairing the resonator tank-Dee tank interface 
air leak. Prototypes of true bipolar switch-mode power supplies are being developed for steering 
magnets. 

Radioactive Ion Beam (RIB) 111In has recently been produced at the VECC’s RIB facilities. A 
Linac designed for a resonant frequency of 75.6 MHz has been commissioned and a 10 MeV injector 
for the e-Linac is presently being developed in collaboration with TRIUMF, Canada.  

The phase of the circulation beam with respect to the RF voltage was measured and a detailed 
magnetic field mapping has been carried out using NMR probes in order to understand and rectify the 
problems related to the extraction of beam from SCC. To correct the field errors a few shims were 
placed inside the cyclotron and the geometry of the central region has been modified. To 
accommodate these changes the central RF cover and the coil tank liners have been modified 
appropriately. A magnetic field mapping jig has been designed to fit in the narrow gap of RF liner in 
SCC. High rigidity and homogeneity bending magnets have been designed to transport high energy 
beam from the K-500 SCC to different experimental stations. Prevision phase control for the RF 
system of the K500 SCC has been developed to meet the stringent criteria of the various RF 

parameters. Multipacting analysis and prototype fabrication and testing of 650 MHz, =0.61, 
Superconducting RF linac cavity has been carried out also at VECC. 

A 0.6MJ prototype of Superconducting Magnetic Energy Storage (SMES) system has been 
developed and is currently being integrated. A 4.5MJ SMES is also being designed. The magnetic 
design was designed and the cable was customized to meet the requirements. 

A PC based software has been designed and developed at VECC for interfacing a pulse link 
extended range neutron area monitor that can measure neutron in the energy range from thermal upto 
1 GeV. For the societal benefits an automated 99mTc-TCM-AUTOSOLEX module for production of 

pharmaceutical grade 99mTc from (n, ) 99Mo (produced at BARC reactor) has been developed 
indigenously at VECC in collaboration with BRIT. The system has been thoroughly tested and been 
put to use at RRMC, Thakurpukur. Under the IAEA CRP work on direct production of 99mTc in 
cyclotron, separation of technetium radionuclide from the irradiated target by a new method was 
studied and the quality was ascertained suitable as compared to those produced by standard methods. 
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4A: Advanced Technologies and their Applications  

4.08 Accelerators  

 Radioactive Ion Beam (RIB) of 111In produced at VECC  

Radioactive ion beam of 111In (Indium-111) has been recently produced at VECC RIB facility. 
Earlier, RIBs of 14O (71 sec), 42K (12.4 hrs), 43K (22 hrs) and 41Ar (1.8 hrs) have been produced here. 
Indium-111 has a half-life of 2.8 days and is used as a radioactive probe in Perturbed Angular 
Correlation (PAC) spectroscopy. PAC is a widely used technique in several areas of materials 
research, chemistry and biology. In this technique, hyperfine interaction between the radioactive 
probe atom and the lattice site is measured. This provides information on the structure and dynamics 
of the local surroundings of the probe atom with high degree of sensitivity. Having the radioactive 
probe as an energetic beam has the advantage that one can implant the probe even in a chemically 
incompatible lattice and choose the depth of implantation. Apart from PAC,111In is also used as a 
radiotracer with several medical applications.  

Radioactive indium isotopes were first produced by bombarding natural silver target with 30 MeV, 
400 nA alpha particle beam from the K-130 cyclotron.After radio-chemical separation, about 200 
micro-curie111In chloride was deposited on an aluminum electrodeand inserted in the plasma chamber 
of the 2.4 GHz ECR ion-source of the RIB facility. Indium ions produced by ion induced sputtering in 
the plasma were extracted from the ion-source, isotopically separated and a pure 111In beam was 
measured at the focal plane of the separator. The figure below shows the schematic for the production 
of RIB and a typical gamma-ray spectrum from the decay of 111In. In this measurement, the 111In beam 
intensity was 1600 particles per second for beam energy of 5keV.  



 

(left) Arrangement for RIB production by ion induced sputtering method and (right) typical gamma-
ray spectrum measured from the decay of 111In at the separator focal plane.  

High power test of fourth heavy-ion Linac cavity      

Presently the beam energy in the RIB facility is 413.9 keV/u which is achieved using a RFQ linac 
and three heavy-ion Linac cavities. The fourth Linac cavity that will further accelerate the beam to 
717.8 keV/u has been recently commissioned and high power tests at 2 kW cw power have been 
successfully conducted. The Linac is designed for a resonant frequency of the 75.6 MHz. Some 
photographs of the Linac cavity are shown in Figure below.   

  

The fourth IH cavity (left) and the details of the central rectangular frame (right) 
showing the two ridges and the drift tubes. 

 

Material Science experiments using beams from RIB facility  

Inducing ferromagnetic ordering at room temperature in wide-band gap semiconductors, 
particularly in ZnO and TiO2 is very important from their potential application in opto-electronic and 
magneto-optic devices. Room temperature ferromagnetic ordering has been induced in rutile TiO2 

polycrystalline sample after 4 MeV Ar5+ ion irradiation. The Ar5+ ions were produced in the Electron 
Cyclotron Resonance (ECR) ion-source and accelerated to 100 keV/u in the 3.2 meter long Radio 
Frequency Quadrupole (RFQ) Linac of theVECC- RIB facility. Experimental results along with the 
theoretical calculation, in the frame work of density functional theory, clearly show that the presence 



of oxygen vacancy (VO) in the irradiated sample play the main role in inducing ferromagnetism in the 
rutile TiO2.  

In another study, the role of carbon as target as well as projectile for nano-pattern formation on carbon 
film and Si(100) surfaces was studied by argon and carbon ion beams. When rough carbon film is 
bombarded, patterns are formed both by inert (Ar+) and self (C+) ion bombardment. However the 
required fluence is lower for Ar+. In contrast, on smooth Si(100) surface,ripples could be only formed 
by C+ and not by Ar+. The study clearly indicates that impurity induced chemical effect is more 
crucial than Bradley-Harper or Carter-Vishnyakov effect to destabilize the surface for ripple 
formation. 
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 (left) Spin polarized density of states calculation for the rutile TiO2 with oxygen vacancy; (right) 
room temperature magnetic hysteresis loop of Ar irradiated TiO2 

 

  

Nano-pattern on carbon and by carbon (left) AFM picture shows nano-
ripple produced on carbon produced by 8 keVAr+ beam and (right) ripple 
on Silicon produced by 8 keV C+ beam. 

 

Superconducting electron linac development activities 

The ANURIB (Advance National facility for Unstable and Rare Isotope Beams) project at VECC 
will be using a 50 MeV,100 kW cw superconducting electron linac(e-Linac) as photo-fission driver 
for production of neutron-rich radioactive ion beams. A 10 MeV injector for the e-Linac is presently 
being developed in collaboration with TRIUMF Canada. The injector comprises of a 100 kV dc 
thermionic electron gun with a grid modulated at 650MHz, a room temperature re-buncher operating 
at 1.3GHz, a low energy beam transport line, a Capture Cryo Module (CCM) consisting of two 1-cell 



 

VECC e-Linac test area in the ISAC-II hall at TRIUMF, Canada

niobium beta=1 1.3 GHz elliptical cavities, analyzing magnets and diagnostics, and an injector cryo-
module (ICM) which will house one 9-cell, 1.3GHz niobium cavity.   

The ICM has been jointly designed by the VECC and TRIUMF team and is being fabricated in 
local industry in Vancouver area. Under the VECC-TRIUMF MoU two ICM cryo-modules will be 
made and tested at TRIUMF, one for each lab. The ICM for VECC is scheduled to arrive at VECC in 
middle of 2014. The niobium cavities for the ICM will be made jointly by TRIUMF.  First batch of 
cavities have been made and passed rf benchmarking tests at TRIUMF as well as at Fermilab. For 
testing of the two ICM cryo-modules at TRIUMF, a VECC e-Linac test areahas been set-up.   

 

 

 

 

 

 

 

 

 

 

Superconducting Cyclotron: 

In the superconducting cyclotron significant progress has taken place towards extraction of the 
beam. Extraction of the beam from the superconducting cyclotron is a challenging job in the sense the 
highly energetic beam has to pass through a 6 mm aperture of the extraction elements, which consists 
of two electrostatic deflectors and eight magnetic channels spread over a whole turn (360°). So, even 
a slightest deviation of the ion orbit from the desired trajectory will not allow the beam to be extracted 
without hitting the elements.  

 

 

 

 

 

 

 

 Median plane view of the superconducting 
cyclotron installed with three beam probes: 
the main probe, the bore-probe and the 
deflector probe. 

Orbit center as a function of radius for two ion 
beams (Ne+4 and N+2) accelerated in the 
superconducting cyclotron. The orbit centre is 
determined by ‘beam shadowing’ using the 
beam probes. 



Beam phase vs. radius as measured with plastic 
scintillator detector based phase probe. 

 

 

 

Several investigations have been performed to understand the properties of the accelerated ion beam 
in SCC accurately. The orbit centering was measured using three probes installed about 120° apart, as 
shown in figure below. With this arrangement beam centering was measured applying ‘beam 
shadowing’ technique. It was found that up to a 600 mm radius the beam was fairly centered. Beyond 
that the beam was going gradually off-centered, as shown in figure below. The extraction radius being 
about 667 mm, the beam extraction was not being possible. Such off-centering of the beam was 
anticipated as a result of large amount of magnetic field errors, which was not within the reach of the 
correcting trim-coils. 

Beam phase measurement: 

A novel technique has been used to measure the phase of the circulating beam with respect to RF 
voltage. The ion beam hits an aluminum target mounted on the head of the phase-probe and the 

prompt γ –rays produced in the 
nuclear reaction are detected by a 
plastic scintillator detector. The 
scintillation light signal is then 
carried out of the cyclotron using a 
liquid light-guide and fed to a 
photomultiplier tube. Comparison of 
this signal timing with that of the RF 
signal gives the beam phase. The 
experimental measurements, as 
shown in figure left side, were found 
to be much different than what was 
expected beam-phase curve at the 
higher radii zone (shown by dotted 
blue curve). This also indicated 
towards a magnetic field error 
present in the cyclotron. 



 

NMR probes kept at the center and on the hill for the calibration of the search coil. 

 

Search coil on the radial zig mounted on a shaft installed at the central-plug hole. 

 

 

 

 

 

 

 

For quantitative measurement of the field imperfections and to eliminate the same, a detailed mapping 
of the magnetic field was carried out in the superconducting cyclotron using a search coil set-up 
(figure above). The field map was calibrated using two NMR probes, one placed at the centre of the 
machine and another at the centre of one of the hills (figure below). In fact, these were the places 
where the desired field uniformity to lock the NMR probes were satisfied. Various field maps were 
taken at different excitations of main coils on a polar grid of 2.54 mm radial step and 1° azimuthal 
step. Magnetic field data was then processed and analyzed. After comparing with previous mapped 
data, a gross deviation in average magnetic field up to 120 mm radius was found [figure below]. A 
large first harmonic magnetic field with peak value of 45 Gauss was also found at 650 mm. This 1st 
harmonic field is the reason behind the beam off-centering. 
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Deviation in average magnetic field. Black- 
previous measurement, red- present 
measurement before correction, violet-after 
correction 

Recent 1st harmonic field amplitude before and 
after correction. 

To correct the field errors a few shims were put in appropriate places inside cyclotron and central 
region iron geometry was also modified. To confirm the corrections magnetic fields were re-measured 
at several excitations. To accommodate these modifications the central RF cover and coil tank liners 
were also modified. The magnetic field was mapped at different stages of iron-shimming procedure. 
The resulting profiles for the average and 1st harmonic field after putting iron-shims are also shown in 
the above figures. Subsequent acceleration of the ion beams showed that as a consequence of average 
field correction the beam could be operated with the calculated trim-coil settings, which means the 
beam-phase will now follow the proper trend. This will be checked by the phase measurement with 
scintillator probe.  It was also found that the orbit off-centering has been reduced, though not 
sufficient for beam extraction. This was because of the 2nd harmonic field error, which was resulted in 
course of 1st harmonic correction. The correction of the entire field harmonic errors involves a 
voluminous amount of job involving partly dismantling of the magnet. This is the next agenda, which 
will be followed in months to come. 
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Development of New Compact Field Mapping Jig: 

Accurate measurement of the magnetic field of the superconducting cyclotron with the trim coil is 
required to accurately simulate beam dynamics in the cyclotron. The height available for the jig with 
the liner and probe track in position is about 17 mm. The search coil for magnetic field measurement 
has to be moved in the median plane with an accuracy of better than 250 microns over a radius of 
about 685 mm. The angular position of the search coil has also to be measured with an accuracy of 4 
arc-sec. The accuracy is important as the total error allowed in field measurement is 5 G in 55 k 
Gauss.   

A magnetic field mapping jig has been designed to fit in the narrow gap of the RF liner. Carbon 
fiber composite having high weight to strength ratio was chosen as the structural material to keep the 
jig straight throughout the 1.2 meter length of the jig.  A search coil is driven radially through the 
centre up to the extraction radius of the cyclotron. The moving search coil passing across spatially 
varying magnetic field generates a voltage proportional to the rate of change of magnetic flux through 
the coil.  

The search coil is moved along a straight track radially by a string and a timing belt assembly to 
measure the magnetic field of the cyclotron. The total track is rotated 360 deg by a stepper motor. The 
angular position is measured by a precision angular encoder and radial position of the search coil is 
measured by linear encoder.  

The jig was assembled in the cyclotron along with a NMR and the errors were measured accurately. 
In order to obtain precise and accurate data, the deflection of the total assembly in the vertical 
direction was measured and found to be less than 0.25 mm and the jittering movement about a straight 
line was less than 50 micron in the median plane. 

The search coil is calibrated by passing the search coil through two points in the cyclotron where 
absolute magnetic field is measured accurately using a NMR. The calibration factor is again verified 
separately by flipping the search coil in a known uniform dipole field. 



K130 VARIABLE ENERGY CYCLOTRON (VEC) 

 

The K130 variable energy cyclotron is presently accelerating alpha, proton beams using an internal 
PIG ion source. The K130 cyclotron is generally operated in fundamental mode and has been 
delivering light ion beams in the range of 6.5 – 18 MeV per nucleon. Recently low energy 
light ion beams (1-2 MeV per nucleon) have also been developed. Light ion beam of 1-2 
MeV/n has been a requirement by the experimentalists for performing sub-coulomb fission 
studies. Since light ion beam of this range cannot be accelerated in this K130 cyclotron in 
fundamental mode, hence these low energy beams were developed in higher harmonic mode 
of operation. Singly charged helium i.e. He+ beam of 3.33 MeV to 7.77 MeV has been 
developed in third harmonic mode of operation. He+ beam of 5.55 MeV and 7.77 MeV have 
been transported to target to perform an experiment in scattering chamber of channel#2. Such 
low energy light ion beam has been transported to target for the first time in this K130 
cyclotron.  

Proton beam of 2.0 MeV has also been developed in third harmonic mode of operation. 
Higher harmonic operation of proton beam has been performed for the first time in K130 
cyclotron.  

Higher harmonic operation is tricky as the particle revolution frequency, governed by the 
magnetic field, has to match very precisely with the frequency of the accelerating electric 
field. Again, the cyclotron systems like magnet power supplies and radio-frequency system 
has to be very stable for this type of operation, otherwise there will be mismatch in phase 
resulting in poor beam current. Achieving low energy beam in third harmonic operation 
indicates the steadiness of the above said systems. These facts instigate us to operate the K130 
cyclotron in still higher harmonics of RF. Single charged helium (He+) of 1.2 MeV and 2.8 
MeV (less than 1.0 MeV/n) has been developed in fifth harmonic mode of operation. Here to 
mention that beam acceleration in fifth harmonic mode has been performed for the first time in 
this K130 cyclotron.  

There was a demand from the experimentalists of deuteron beam for performing 
experiments. Deuteron beam was not developed in this machine since middle on nineties. 
Recently, deuteron beam of 15 to 25 MeV has been developed and an experiment has also 
been carried out in channel#2 with 25 MeV deuteron beam. 
The cyclotron has already been operating for more than 3000 hours in terms of new beam 
development and delivering beam on target for conducting experiments in various fields of 
research mainly in nuclear physics, radio-chemistry, material science and producing of rare 
ion beams (RIBs) etc. 

IMPROVEMENT OF K130 CYCLOTRON BEAM CHAMBER VACUUM SYSTEM 

Improvement of the K130 cyclotron beam chamber vacuum system was carried out by repairing 
resonator tank – Dee tank interface air leak. The work involved disassembly of most of the cyclotron 
mechanical components except the main magnet. A new concept was used to replace the corner post 
vacuum sealing. All the four side flanges of the accelerating chamber were taken out. The resonator 
tank was separated from Dee tank by about 100 mm towards south side of vault. New corner post and 
“H” construction O-ring were used and the cyclotron was re-assembled. The interface air leak repair 
work has greatly improved cyclotron functioning and reduced cyclotron downtime considerably.  



                          

                  Side flanges of the cyclotron disassembled                      New corner post                               

DESIGN AND DEVELOPMENT OF BENDING MAGNET WITH HIGH RIGIDITY AND 
HOMOGENITY                                          

Two high rigidity and homogenity bending magnets have been designed to transport high energy 
beam from the K-500 superconducting cyclotron to different experimental stations. The total weight 
these magnets are around 12 Ton and 16 Ton respectively. The maximum field that can be produced 
in the pole gap is 16 kG with better than 3 x 10-4 field homogeneity at all excitations.  Both the 
magnets are designed for maximum beam rigidity of 3.3 T-mtrs to cover all the operating species of 
K-500 superconducting cyclotron. The figures below gives the ANSYS model for calculation and the 
designed magnetic field quality. These magnets have been made from AISI 1010 steel and the 
precision machining was carried out in CNC machining centre to acheive the desired Rogawaski 
profile as shown in figure below. Pole gap and individual pole profile is maintained within 40 micron 
accuracy and symmetricity of the two poles has been maintained within 100 micron. Magnetic field 
has also been measured with different current . They follow the designed values very closely.  

 

Ansys analysis model for bending magnet 

                                    

 

Designed magnetic field quality for bending magnet 



    

 

Magnetic field measurement with hall probe and repeatability check of dimensions after      
disassembly and assembly of switching magnets. 

Field versus current
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Magnetic field data at different current during ramp up and ramp down 

 

Precision Phase Control for the RF system of K500 superconducting cyclotron 
 

The radiofrequency (RF) system of K500 Superconducting Cyclotron has been commissioned 
with the stringent requirement of various RF parameters. The three-phase RF system of 
Superconducting cyclotron has been developed in the frequency range 9– 27 MHz with amplitude and 
phase stability of 100 ppm and ±0.10 respectively. The phase control system has the option to change 
the relative phase difference between any two RF cavities and maintain the phase stability within 
±0.10 during round-the-clock cyclotron operation. The said precision phase loop consists of both 
analog In-phase/Quadrature(I/Q) modulator to achieve faster response and also Direct Digital 
Synthesis (DDS) based phase shifter to achieve wide dynamic range as well. This is a remarkable 
achievement and the following plots show the measured phase stability during cyclotron operation 
round-the-clock. 
 



 
The Phase stability (Bottom Plot) for 30 minutes where AB phase loop was CLOSED, AC loop was 
OPEN. Although, a deliberate change in AB phase (blue) was made, it remained stable. However, AC 
phase (green) is not stable as the loop is OPEN. Amplitude variation in three cavities with respect to 
time is shown in Top plot. 
 

 
The Phase stability (Bottom Plot) for 30 minutes where both AB loop and AC loop were CLOSED. In 
spite of deliberate changes made, AB phase remained stable. Also AC phase is stable as it CLOSED. 
The glitch found in phase deviation plot (blue) is due to analog phase loop saturation. Amplitude 
variation in three cavities with respect to time is shown in Top plot. 

Development of True Bipolar switch-mode power supply for x-y steering magnet 
The beam line of the cyclotron requires x-y biplane steering magnets along the  length of  the beam 
pipe for correcting the actual beam path. A novel topology of high performance smooth-varying dc 
current regulation based on “Pulse Width Modulation with Unipolar Voltage Switching” has been 
adopted for the development of these prototype steering magnet power supplies. The specification of 
the power supplies are (a) Output Current: +/- 10A (b) Output Voltage: +/- 60V (c) Stability: 100ppm 
(d) Current Setting: 12-bit DAC (e) Current Read back: 12-bit ADC (f) Computer Interface: RS-485. 

 



BIPOLAR POWER SUPPLY
10A / 60V 

 

650 MHz, =0.61, Superconducting RF linac cavity 

  Under Indian Institute Fermilab Collaboration (IIFC), R&D on the design and development of 
650 MHz, =0.61, Superconducting RF linac cavity has been going on. 

 The RF design for the said cavity has been carried out using 2D SUPERFISH code and 3D 
CST Microwave Studio code and Ansoft HFSS code. The multipacting analysis has been carried 
out extensively by using 2D MultiPac code and 3D CST Particle Studio code.  

Multipacting analysis: 

 The possibility of cavity multipacting has been investigated initially by using 2D MultiPac 
2.1 code. The impact energy (as shown in the figure below) is less than 50 eV for all peak electric 
fields except for a small region between 30 to 35 MV/m, where it is around 200 eV. For mid-cells 
and end-cells, even after 30 impacts of electrons at the equator region (at the radius 197 mm) of 
the cavity, the final impact energy is 28.4364 eV, which is well below 50 eV. Based on 2D 
analysis, it is unlikely to cross secondary electron emission yield for producing multipacting, as 
the relative enhanced electron counter function is less than unity for the whole range of peak 
electric field up to 60 MV/m.  

 

 
Results for end-cell cavity 

The 3D analysis for the same cavity has been carried out extensively for further investigation 
using CST Particle Studio code that takes into account Furman Model for three types of 
secondary electron emission, true secondary, back scattered and rediffused electrons. Here, 30 
mm. of equator region has been simulated with a minimum mesh size of 0.37 mm. Multipacting 
takes place at electric field between 5.8 MV/m and 11.5 MV/m and the rate is very fast at 6.8 
MV/m (shown in the 2D and 3D plots). At 11.5 MV/m, the rate of increase in particle due to 
multipacting is very low. There is no occurrence of multipacting below 4.5 MV/m and beyond 
22.5 MV/m. 



        
Particle vs. time (ns) at 6.8 MV/m (left) & Particle after 6 ns at 6.8 MV/m 

 

Prototype cavity fabrication and testing: 

The half cells of the prototype aluminium cavity has been fabricated after the design and 
development of the necessary die-punch assembly. The inside dimensions of the half-cell has been 
measured using Laser Faro Coordinate measuring machine (CMM) and the maximum deviation 
of the order of 0.4 mm is found and further improvement is being tried. Two half cells have been 
joined to fabricate a single cell cavity as shown in figure. The low power RF test has been carried 
out using Vector Network Analyzer (VNA) on this cavity. The transmission scattering parameter 
(S21) measurement (as shown in the plot) shows that the resonant frequency of the cavity is f0 = 
645.86350 MHz and -3dB frequencies are,  f1 = 645.84860 MHz and  f2 = 645.87980 MHz. The 
half- power        (-3dB) bandwidth of the single cell cavity is . The 

quality factor is calculated as   =20700. The electric field gradient on the axis of the cavity 

has been done using bead-pull measurement set up already developed at VECC. 

 

       

 
VNA Measurement of single cell cavity (left), S21 measurement of single cell cavity 



 

4.11 Advanced Technologies 

Superconducting Magnetic Energy Storage (SMES) 
0.6MJ SMES: 
In view of developing SMES technology to compensate voltage dip or sag problem of utility line for 
critical machines, our centre has already developed a 0.6 MJ SMES coil along with associated power 
converter system. 
DC-DC two-quardant chopper and voltage source inverter (VSI) of the 1MJ System have been tested 
individually and integration of all the subsystems (SMES coil, DC-DC Chopper, VSI, Quench 
Protection System) are being carried out. 
 
4.5MJ SMES: 
In the next phase, we have started developing toroidal-type magnet of 4.5 MJ/1 MW capacity composed 
of modular solenoid coils connected in series and arranged in a toroidal symmetric fashion because of 
its reduced stray magnetic field at outside the coil. The main advantage of toroidal configuration is the 
very low magnetic stray field compared with a solenoidal SMES of same storage capacity. We have 
developed custom-made Rutherford type NbTi based cable (low-temperature superconductor) with 
sufficient critical current margin suitable for transient application as in SMES.   Basic design includes 
the choice of suitable superconducting cable, electromagnetic analysis, stress analysis, transient loss, 
quench protection, and cryostat design. 
 

Specification of superconducting wire 

Because of the necessity of low loss operation for SMES coils, custom make Rutherford type 
superconducting (SC) cable with inter-filamentary matrix Cu-0.5% Mn is specified in Table-I. Good 
electrical contact to neighbouring strands is ensured with stabrite (Sn-5%Ag) coating and heat 
treatment over the cable.  

TABLE I 

Main parameters of superconducting cable 

Strand diameter (mm)  0.72

 

Filament number  3900 

Cu‐Mn/NbTi  2.0 

Filament Diameter (μm)  10 

Nos. of strands in cable  10

Critical current      (7 T, 4.2 K)  ~2200 A 

Cable width (mm) 
Cable thickness (mm) 

3.66 
1.29  

Approx. cable lay pitch (mm)  50 

Minimum RRR  50

Yield Stress (MPa) (0.2% strain) 
at room temperature 

450 

 

Design parameter of sectored toroidal-type magnet 

      In the design, the sector coil is composed of a single solenoidal magnet.The design criteria of the 

sectored  toroidal‐type  SMES  magnet  was  set  with  multi‐objective  optimisation  of  minimal 

superconducting  material  and  magnet  overall  size  to  obtain  required  stored  energy  with  the 

consideration  of  critical  characteristics  of  superconducting  cable,  constraints  of  maximum 

electromagnetic stress induced by the Lorentz force in the sector coil, allowable fringe magnetic field 



outside cryostat, and maximum allowable operating current constraint  from  insulated gate bipolar 

transistor  (IGBT)  based  power  conditioning  system  under  development  in  our  centre,  etc.  An 

optimisation  formulation  has  been  developed  to  find  out  the  coil  parameters  for  a  given  stored 

energy  level with  the  consideration of practical design  constraints. Basic design parameter of  the 

toroidal SMES system  is as shown in Table‐II. The operating current margin Iop/Ic is kept at around 

0.35  so  that  sufficient  stability  margin  exists  during  magnetic  field  transient  and  associated 

temperature rise. 

TABLE II 

Designed specification of the SMES 

Number of sectors ( 
Ns) 

8 

Design concept (3D‐CAD model) of the toroidal‐type SMES system 

Energy (MJ)  4.5 

Minimum gap 
between sectors, d 

(m) 

0.05 

Peak field in coil, 
Bm(T) 

Sector coil 

6.6 
 

Major radius, r0 (m)  0.62 

Coil outer radius, r2  0.24 

Coil inner radius, r1  0.19 

Winding turns, nr×nz  20×67 

Conductor Type  NbTi based 
Rutherford cable 

Cable length (km)  14.6 

Iop(A) 
Stray magnetic field 
of 5 G contour line 

1200 
1.8 m 

 
The coils are epoxy impregnated and liquid helium cooled at 4.2 K. The whole toroidal coil system is 

supported through glass‐fibre reinforced plastic (GRP) composite structure so that conduction heat 

load to the system is reduced. In the present design, we considered that each sector coil will have a 

separate  helium  container  conforming  closely  to  coil  geometry  to  minimize  the  liquid  helium 

inventory.  The  entire  toroidal‐type  coil  assembly  system  is  enclosed  by  thermal  shield made  of 

copper.  The  thermal  shield  is maintained  at  around  60‐70  K  using  a  single‐stage  cryorefrigerator 

(tested capacity of 240 W at 60 K). The primary problem concerning toroidal configuration is caused 

by large Lorentz forces acting on the superconductor. The Lorentz force on the current carrying coil 

is asymmetric, non‐uniform and there is a net attractive force on the coils towards the centre of the 

torus. However, suitable support structure has been designed with detailed structural analysis  for 

reliable operations under all possible scenarios. Coil winding with Rutherford cable will 
commence shortly after the initial characterization of the cable. 

FPGA implementation of SMES based DVR controlled processor: 

SMES based DVR control processor was written in VerilogHDL , by creating suitable test 
bench    control operations  and functionality was verified. Fixed and floating point package 
was used in the place of real variables for synthesis into FPGA (Virtex 6) and it was verified 



in simulink by applying necessary input signal through NI-Multifunction DAQ (PCI6323). 
Currently, we are analyzing timing problem in post map-route synthesized model. 

4B: Radiation Technologies and their Applications  

4.05 Health  
 

Automated 99mTc-TCM-AUTOSOLEX Module  for production  of  pharmaceutical grade 99mTc 

from (n,) 99Mo produced in BARC reactor  

Regional Centre, BRIT, Kolkata in collaboration with VECC, Kolkata has developed indigenously 
fully automated computer controlled  99Mo/99mTc solvent extraction generator system which utilizes 

abundantly available low specific activity and chief 99Mo(n,) produced in BARC reactors.  The 
generator is self lead shielded. Evaluation of the TCM-AUTOSOLEX module was carried out by 
studying the recovery yield of 99mTc, physico-chemical tests, sterility testing and BET assay studies 
(this study was done in collaboration with RMC, Parel, Mumbai), animal studies (this study was done 
in collaboration with Nuclear Medicine Department IICB, Jadavpur, Kolkata and Human studies (this 
study was done at RRMC, VECC, Thakupukur, Kolkata). Average yield of separation of 99mTc was 
above 95%, 99Mo breakthrough in 99mTc pertechnetate <0.002%.  R. C. Purity of 99mTc -MDP, 99mTc –
DTPA and 99mTc-MIBI and 99mTc-DMSA radiopharmaceuticals was  above 96%. The product was 
apyrogenic, sterile and found to be suitable for use in nuclear medicine centers.  

1st clinical studies of 99mTc obtained from TCM-AUTOSOLEX module was performed at RRMC, 
VECC, Thakurpukur, Kolkata on 24.10.2013. More than 70 clinical studies till December, 2013 have 
been carried out successfully at RRMC, Thakurpukur, using the 99mTc-MDP, 99mTc-DTPA, 99mTc-
DMSA and 99mTc-Mebrofenin etc. radiopharmaceuticals prepared from the 99mTc eluted from this 
generator. TCM-Autosolex Generator gives enhanced radiological and pharmaceutical safety as well 
as enhanced capacity to handle much larger quantity of Mo-99. 

 



 

 

IAEA CRP work: Direct production of 99mTc in cyclotron 

99mTc was produced through 100Mo(p,2n) reaction by irradiation of a natural molybdenum target 
inVECC cyclotron. Extrapolated thick target yield of 99mTc from the irradiation of an enriched 100Mo 
target for 1h, 3h and 6h irradiation as a function of incident proton energy (up to 18MeV) was 
calculated from the irradiated natural molybdenum targets. Separation of technetium radionuclide 
from the irradiated target by a new method using Dowex-1 ion exchange resin and nitric acid as well 
as by the standard solvent extraction (methyl ethyl ketone) method was studied. 99mTc separated by 
both the methods was checked for its quality. Radionuclidic, radiochemical and chemical purity (test 
for content of MEK, Mo, Al, nitrate, peroxide etc.) assessment of the purified 99mTc was carried out 
and found to be suitable for preparation of Tc-radiopharmaceuticals.  

Production of 68Ge through Ga(p,2n) reaction in a newly fabricated target holder and 
separation of 68Ge from the irradiated target material 



For the preparation of 68Ge/68Ga generator, a special target holder was designed and fabricated to 
irradiate Ga metal (m.p. ~30oC). Two irradiations were successfully carried out in this target holder 
using 3µA proton beam at ~17MeV. Separation of the 68Ge produced from the Ga metal target was 
carried out by using a reported method. Overall recovery of 68Ge at the end of separation was about 
97%. A new SnO2 based generator has been prepared using the isolated 68Ge. The new generator is 
being evaluated for its elution efficiency and chemical purity of the purified eluate. 

Production of 109Cd and its separation from the irradiate target 

109Cd (t½=461.9d), decays by electron capture, is used as x-ray source in x-ray fluorescence analysis 
devices employed in industry for various applications. 109Cd was produced by 109Ag(p,n) 109Cd 
reaction on natural silver target using 15 MeV proton beam. Production rate of 109Cd on thick target 

irradiation at 14.87MeV was estimated to be 2.28µCi/µAh. Chemical separation of 109Cd by a 
reported method utilizing Dowex-1 x 8 anion exchange resin has been successfully utilized. Overall 
109Cd recovery was ~100%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Top panel: Energy dependent neutron detection 
efficiency of BC501A neutron detector.  

Bottom Panel: Energy dependent neutron 
detection efficiency of  BaF2 array. Filled circles 
are the experimental data while the crosses are  
GEANT4 simulation.

Variation of the number of events as a 
function of distance corresponding to the 
number of detectors. Filled circles are the 
experimental data points and continuous 
line represents GEANT4 simulation. 

Head: MP-5 Basic Research 

5.02 Physics 

LAMBDA spectrometer as a neutron detector 

Recently, the Large Area Modular BaF2 Detector Array (LAMBDA), developed earlier for the high-

energy -ray measurement, has been used for neutron measurement. It has been shown that the 
neutron detection efficiency of the spectrometer is comparable to that of the liquid scintillator based 
neutron detector (BC501A). The extracted efficiencies have been compared with the GEANT4 
simulation. The average interaction length of neutrons in the BaF2 crystal has also been estimated 
using the BaF2 gamma multiplicity filter to determine the time-of-flight (TOF) energy resolution. Ten 
such detectors were arranged linearly one after another so that the effective length was 35 cm. The 
TOF spectrum for each detector was measured using a 241Am–9Be. The start trigger for TOF 
measurement was taken from another set of identical BaF2 detectors that were arranged in a 2x2 
matrix and kept on the other side of the source. Finally, the spectrometer has been applied in an in-
beam-experiment to extract the nuclear level density (NLD) parameter. Nuclear level density 

parameters obtained by the LAMBDA 
spectrometer were found to be consistent with 
those obtained by the BC501A neutron 
detector, indicating that the spectrometer can 
be efficiently used as a neutron detector to 
measure the NLD parameter. 

 

 



10 BaF2 detectors          
[3.5 cm x 3.5 cm x 5.0 cm]

2x2 BaF2 Array

Source Position 
10 BaF2 detectors          

[3.5 cm x 3.5 cm x 5.0 cm]

2x2 BaF2 Array

Source Position 

 

Experimental setup  for the measurement of average interaction length of neutron in BaF2 material. 

Excitation energy spectrum of 12C reconstructed 

from decay 3 of Hoyle state (Ex(3)) with TDC 
time as well as energy, momentum gated. Red 
line is the gate over which events of interest have 
been selected and analyzed for decay structure of 
Hoyle state. 

 

Estimation of direct 3decay of Hoyle state  

The Hoyle state, second 02
+ resonant excited state of 12C at excitation energy of 7.654 MeV, plays an 

important role to understand a variety of problems of nuclear astrophysics such as elemental 
abundance as well as the stellar nucleosynthesis process as a whole. From nuclear structure point of 
view also, Hoyle state is quite exotic on several count: (a) it is an example of alpha cluster state which 

could not be predicted using normal shell 
model, (b) it is having an unusually large size 
leading to various conjectures about the 
configuration of the Hoyle state, ranging from 

linear 3-chain to compact structure of   

correlated 8Be)- to a free Bose gas of 3 
particles with the possibility of formation of a 
nuclear Bose-Einstein Condensate (BEC). 

Study of direct 3 decay is crucial to get 
answer to the above queries. So, a complete 
kinematical measurement of inelastic 
scattering of α beam of 60 MeV from Variable 
Energy Cyclotron (VEC) machine on 12C 
target has been performed to study the various 
decay channels of Hoyle state with relatively 
higher in statistics compared to the previous 
measurements. The excitation energy spectrum 

of 12C reconstructed from the decay 3 of 
Hoyle state with TDC time as well as energy, 
momentum gated has been shown in the 

adjacent figure. In total, nearly  20,000 completely detected events within the Hoyle state were 
collected in the present experiment, which have been analysed further to extract the structure of the 
Hoyle state. The experimental results have been compared with those obtained using Monte Carlo 
simulated data sets containing contributions of different decay processes, i.e. sequential decay (SD) 



and various 3α direct decay mode such as decay into equal energies (DDE), decay in linear chain 
(DDL) and direct decay in phase space (DDΦ),  in varied proportions. Simultaneous optimisation of 
three different distributions (the relative energy of 8Be like pairs, the root mean square energy 
deviation and the radial projection of symmetric Dalitz plot) derived from the experimental data with 
those generated from a simulated event set, have been done with χ2 minimization to arrive at a 
consistent estimate of the contributions of various direct decay modes. Hence, it is  concluded that, at 
99.75 % confidence limit (CL), the upper limits of the DDL is 0.1 % and  the estimated value for 
fractional contributions of other two direct decays mode are 0.60 ± 0.09 % for DDΦ, and 0.3 ± 0.1 % 
for DDE. Since DDE is believed to be signatures of BEC, it can be said that 0.3% of the Hoyle decay 
events are candidates for BEC. So far as the linear chain structure is concerned, we can at best say that 
the upper limit for the linear chain structure is less than 0.1 % at 99.75 % CL.  

 

 

Signature of collective enhancement in nuclear level density 

In recent years several studies have been carried out both theoretically and experimentally to 
understand the functional dependence of nuclear level density (ρ) on the key parameters, such as 
excitation energy, angular momentum and isospin. But one important issue which is yet to be resolved 
is the interrelationship between collective excitations and nuclear level density as a function of 
excitation energy (or temperature). In nuclei, coupling of collective rotation and vibration with the 
single particle excitations causes an enhancement in the level density. In a recent study to 
independently verify the status of collective enhancement we have carried out a new experiment 
where we have populated 169Tm*, 185Re*, and 201Tl* compound nuclei having widely different ground 
state deformations. The experiment was done at two energies to observe the variation, if any, of the 
level density parameter with energy.  

The present experiment was performed using 4He ion beam of energies Elab= 40, and 28 MeV (40 
MeV and 30 MeV for 181Ta target) from the cyclotron facility at Variable Energy Cyclotron Centre. 
Neutron evaporation spectra at backward angles from 201Tl* (4He + 197Au), 185Re* (4He + 181Ta), and 
169Tm* (4He + 165Ho) compound nuclei, having different ground-state deformations, have been 

measured at two excitation energies (E* 37 and 26 MeV). Theoretical analysis of the experimental 
data was carried out using the statistical model. The evaporation of light particles has been treated 
using Hauser-Feshbach formalism with the level density function taken from the back shifted Fermi 
gas model. 
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(a) 8Be like pairs distribution; (b) Rms energy deviation distribution and (c) Radial projection of 
Dalitz plot distribution. Here, solid circle are the experimental data, dotted line (black), solid line (red) 
and the dash line (blue) are the SD, best fit and the upper limit with 99.75 % confidence limit, 
respectively. 
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 Measured neutron energy spectra (symbols) for the 4He + 165Ho, 181Ta and 197Au system along with 
the GEMINI++ calculations (dashed lines). 

The shapes of the neutron energy spectra were mostly sensitive to the value of level density 
parameter, which is estimated as a=A/k, where k is called the inverse level density parameter. It is 
observed that the best-fit values of the inverse level density parameter decrease from 9.5 to 8.0 for the 
4He + 165Ho system as the thermal excitation energy decreases from 35.7 to 24.8 MeV. Similar change 
(decrease) in k value from 11.2 to 9.7 has also been observed for the 4He + 181Ta system at the same 
excitation energy range. On the contrary, the k value remained almost same (9.5 and 9.6) at both 
excitation energies in case of 4He + 197Au system. The above observation suggests that there has been 
a relative enhancement in nuclear level density (ρ ~ √a{exp(√{aE*}) at lower excitation energy for the 
first two systems, whereas for the third system no such variation has been observed. The nature of 
variation as seen above may be directly linked with the deformation (β2) of the respective systems. 
The collective enhancement factors calculated for these systems indicate that there should be 
appreciable collective enhancement at the lower excitation energy in the two deformed systems as 
compared to the nearly spherical third system. So, the observed variation of inverse level density 
parameter with excitation energy for the deformed systems is clearly a signature of collectivity 
induced modification (enhancement) of the level density, which is absent in case of nearly spherical 
system (4He + 197Au). The present observation clearly establishes the existence of a strong correlation 
between collectivity and ground-state deformation.  

 

Materials Science: 

Research activities in Condensed Matter Physics and Materials Science group thrive on following 
dimensions: 1) Development and physical studies of nanostructured multifunctional materials like a) 
multiferroic (with ferroelectricity, ferromagnetism etc.) and b) conducting polymer based 
supercapacitors with application in energy cells. 2) Irradiation induced growth of nanostructures like 
nanoripples. 3) Perovskite & Double perovskite materials used as ferroelectric relaxors. 4) Radiation 
damage studies of mechanical & crystal structure properties of alloys employed as nuclear structural 
materials in power reactors. 5) Studies of Dislocation dynamics in materials. 

Current Research Highlights:. 

a. Development & Studies on Bismuth Ferrite nanorods: These nanorods have displayed 
remarkably high value of specific capacitance (450Farads/gm) and polarization owing to the 
nanostructure. 
b. Synthesis of single phase nano BiFeO3 particles and its irradiation studies. 



 

Nanorods protruding out of nanopores by cross sectional SEM (left) and Single nanorod 

protruding 5 from pores (middle) and TEM images of PEDOT–NiFe2O4 nanotube having 

diameter20nm (right) 

c. Nanotube Poly(3,4-ethylenedioxythiophene)–NiFe2O4 nanocomposite and its performance as 
a electrode material  for supercapacitor 

d. Magnetic Behavior of Template Grown 2-D Array of Cobalt Nanowire  
e. Ion Irradiation on ZnO thin films 
f. Irradiation induced growth of nanostructures 
g. Structural and impedance spectroscopy of perovskite barium substituted lead zinc niobate. 

h. The design of the chamber for achieving high dpa and high temperature (upto 300 degree 
centigrade) during irradiation of Zr-2.5% Nb in Variable Energy cyclotron 

i. Irradiation with 7 MeV proton as well as characteristion of Zr-1%Nb alloy the cladding 
material for 1000 MWe VVER type pressurized water reactors 

j. Irradiation studies of Al alloys and Ti- alloys candidate structural materials of support 
structures using 4MeV proton from Variable Energy Cyclotron to study the effect of induced 
activity during their lifetime operation in the superconducting cyclotron: 

Theoretical Physics:      

The effects of the nuclear equation of state (EoS) & symmetry energy on the proton 
fraction in neutron stars and the location of the inner edge of their crusts and their core-crust 
transition density and pressure, thermodynamically have been investigated. The fusion cross 
sections for nuclear reactions of astrophysical interest have been calculated. The effects of 
density & temperature dependent nuclear EoS/symmetry energy in the multi-fragmentation 
regime of  heavy ion collisions are being investigated. Transformation relations between 
statistical ensembles in the modeling of nuclear fragmentation have been studied. The effect 
of particle fluctuation on isoscaling and isobaric yield ratio in nuclear fragmentation has been 
investigated. The temperature of projectile like fragments in heavy ion collisions using a 
microscopic approach has been determined. Spontaneous fission life times from the 
minimization of self consistent collective action using density functional theory has been 
estimated.  The transport coefficients of heavy quarks propagating through quark gluon 
plasma have been estimated and its implications on the equilibrium distribution have been 
studied. The shear and bulk viscosity of the hot and dense hadronic gas have been estimated 
using thermal effects on hadronic spectral functions. Effects of viscosity on the hadronic 
spectra and on the electromagnetic probes of QGP have been investigated. VECC is running 
a one year course for Ph D. More than 40 students are doing their Ph D in physical sciences at 
VECC now.  



5.01 Mathematics and Computational Sciences  
AUGMENTATION OF COMPUTING FACILITY 
 
The computing facility of VECC has been augmented by addition of blade system with 32 nodes in 2 
chassis (total 768 cores), 36 GB memory per node, Infiniband interconnect and 300 GB disk per node.  
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6.05 Information Technology Application Development 
DEVELOPMENT OF FACILITY FOR ONLINE SUBMISSION OF IMMOVABLE 
PROPERTY RETURN 
 
A web-based facility for online submission of Immovable Property Return (IPR) for Group-A 
gazetted officers of VECC was developed. It was extensively used for filing the IPR for the calendar 
year 2012. Based on the user feedback, it has been augmented and modified and the modified one 
shall be used for filing the IPR return for the calendar year 2013. 
 
 
DEVELOPMENT OF COMPUTER INTERFACE SOFTWARE FOR PULSE LINK 
EXTENDED RANGE NEUTRON AREA MONITOR 
 
A PC based software has been designed and developed at VECC for interfacing a Pulse Link 
Extended Range Neutron Area Monitor (Make: Health Physics Instruments, Model: 6060) that can 
measure neutrons of energy from thermal to 1 GeV. The software provides a suitable user interface to 
set/adjust various parameters of the instrument and read the neutron count from it for the specified 
time interval as decided by the user. The neutron counts obtained from the counter are displayed with 
time stamp and saved in the hard disk instantly. The saved data can be retrieved directly in Excel file 
for future analysis. This software has been used to measure the neutron dose rate from thick target 
bombardment of proton beam on 181Ta target in the energy range of 10 MeV to 18 MeV. It is also 
currently being used to measure the neutron dose rate from cosmic ray at HARL, BARC, Gulmarg.  
 

 
 
User Interface for Reading Neutron Count. 

 
User Interface for Setting Instrument Parameters. 

 
 
RFID-BASED AUTOMATIC KEY MANAGEMENT SYSTEM 
 
An “RFID-based Automatic Key Management System” has been designed to allow or restrict 
(depending upon the authorization) the employees of an organization to access room keys by using 
their RFID based identity card and also record all key transactions. The system consists of RFID Card 
reader, touch-screen based panel-PC for operation and data logging, key module controller board and 
key module with multiple key slots with locking arrangements. Basic technique of operation of the 
system has already been established. A MoU has been signed with Webel Mediatronics Ltd., Kolkata 
for developing a production grade version of the system. 
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7.01 Infrastructure 

Installation of fire detection system in VECC and RRMC 

Fire detection system, which includes detector, manual call point, response indicator, hotter and other 
subsidiary are installed in RRMC and LCW plant of VECC. The design of spacing and requirement of 
various detectors is determined based on IS 2198:2008. 

 


