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ACCELERATOR 

OPERATIONAL ACTIVITIES OF K130 VARIABLE ENERGY CYCLOTRON 
he K130 variable energy cyclotron has been 
operating round the clock and delivering light 

and heavy ion beams for different experimental 
research programs from July, 2020 to December, 
2020. In this period light ions have been used mostly 
for the production of isotopes, irradiation, radiation 
damage and nuclear physics experiments etc. A 
planned  shutdown  of  cyclotron   was  taken  in  the 

 
Figure 1: Cyclotron & Beam lines 

 
Figure 2: Experimental area (Channel#3) 

month of July, 2020 for spiral inflector installation. 
Later spiral inflector was taken out for few 
modification works and mirror inflector was 
introduced. Later in September, 2020 central region 
of cyclotron was modified for installation of PIG ion 

source to accelerate light ions. During the period, 
following ion beams have been utilized for the 
experimental purpose. 

Projectile  Beam Energy (MeV) 
Alpha  27  to 52 
Proton 7 to 13 

Oxygen 6+ 108.8 – 136.6 

The facility has been utilized by the experimentalists 
of VECC, SINP, ACD/BARC, RCD/BARC, UGC-
DAE-CSR-KC etc. The K130 cyclotron has 
delivered oxygen 6+ beam using ECR ion source and 
alpha and proton beams using PIG ion source. 

The cyclotron is regularly fulfilling its target and for 
the period July-Dec, 2020 the beam availability has 
been 1408 hours. The beam utilization chart for 
doing experiments (1334 hrs) of K130 cyclotron is 
shown below. 

 
 

For further details please contact Shri P S Chakraborty 
(prodyut@vecc.gov.in), Head, Cyclotron Operation Section/APG. 

 

  

T 
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PHYSICS 

SPACE GROUP OF HIGH-PRESSURE PHASE OF HAFNIA (HFO2) 
he change in structure of Hafnia at high 
pressure was investigated in the Indo-Italian 

beam line in Elettra Synchrotron facility dedicated 
for research at high pressure conditions. High 
pressure condition was created using a plate type 
diamond anvil cell (DAC) in the experimental 
station and two phase transitions were observed 
within 10 Giga Pascal which were analysed using 
Rietveld refinement [Fig. 1]. 

 
Figure 3: Signature of structural evolution of HfO2 in the 

synchrotron XRD pattern at high pressure conditions. 
Hafnia consists of two symmetrically non-equivalent 
oxygen atoms, O(1) and O(2) along with heavier 

atom Hf. In the first transition, monoclinic structure 
of HfO2 transforms to an orthorhombic phase near 
3.7 Giga Pascal pressure and a long-standing 
controversy existed regarding the space group of the 
transformed phase, whether this is Pbcm (No: 57) or 
Pbca (No: 61) [Fig. 2]. From full profile Rietveld 
refinement and delicate peak decomposition method 
[Fig. 3], the space group of Hafnia could be 
deterministically reported as Pbcm. 

 
Figure 4: (a) Two types of unit cells constitute Pbcm structure 

with equal contribution [F: front, R: rear position of O(1)-
atoms]; (b) Pbca structure has single type of long unit cell 

along a-axis. 
 

 
Figure 5: Rietveld refinement and peak decomposition of synchrotron XRD pattern at 7.1 Giga Pascal 

pressure for determining space group of high-pressure orthorhombic phase. 

 

T 
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EXPLORING THE JACOBI SHAPE IN HOT AND ROTATING 43SC 
he atomic nucleus is a many-body quantum 
system governed by the strong interaction 

among constituent protons and neutrons, and at high 
excitations it resembles a liquid drop, the shape of 
which is governed by the interplay between surface 
tension and Coulomb interaction. If such a system is 
subjected to rotation, at low frequencies, it has an 
oblate shape with the symmetry axis oriented along 
the rotation axis. With the increase in rotational 
frequency, the oblate deformation increases and 
suddenly the shape changes from an oblate to a 
nearly prolate shape rotating about an axis normal to 
the symmetry axis. This sudden change under the 
influence of high rotational frequency is called 
Jacobi shape transition.  

An excellent probe to explore the shape of the 
nucleus at high excitation and rotation is the Giant 
Dipole Resonance (GDR). It is a short-lived out-of-
phase vibration of proton and neutrons and decays 
by the emission of high-energy (10-25 MeV) γ rays. 
The peak energy of the GDR in inversely related to 
the axis length along which the vibration occurs and 
thus provides a clear signature of the shape of the 
nucleus. A clear signature of the Jacobi shape 
transition is the appearance of a peak at Eγ ~ 10 
MeV due the Coriolis splitting of the GDR line 
shape at high frequency rotation. At VECC we have 
performed an exclusive experiment to explore this 
shape evolution in 43Sc. 

43Sc was populated at high excitation with high spin 
by bombarding the pulsed 16O beam from the K 130 
cyclotron at VECC on a 27Al target. The beam 
energy was selected in such a way that 43Sc was 
populated both below and above the rotational 

frequency at which the Jacobi shape transition 
occurs. In-house developed LAMBDA array was 
used to measure the high-energy γ rays from the 
decay of the GDR. The GDR line shape was 
extracted from the measured high-energy γ-ray 
spectra by the statistical model calculations 
performed using the code CASCADE. As can be 
seen from the Figs. (1b) and (1d) that at low angular 
momentum (i.e at low rotational frequency) the 
nucleus has an oblate shape, whereas at higher 
angular momentum a sharp peak is observed at Eγ ~ 
10 MeV pointing towards the Jacobi shape 
transition. A theoretical calculation based on the 
rotation liquid drop model has been performed to 
explain the experimental observations. The details 
can be found in Phys. Rev. C 102, 051302 (R) 
(2020). 

 
Figure 1: (a) and (c) Measured (symbols) and calculated 

high-energy γ-ray spectra. (b) and (d) linearized divided plots. 
 

For further details, please contact Dr. Debasish Mondal 
(debasishm@vecc.gov.in), ENPD, PG. 

 

ISOSPIN DEPENDENCE OF NUCLEAR LEVEL DENSITY 
n a recent experimental study at VECC we have 
provided evidence for the reduction of nuclear 

level density for unstable (neutron or proton rich) 
nuclei compared to the nearby stable ones [1]. The 

results have strong implications on the calculation of 
astrophysical reaction rates relevant to r and rp 
processes which typically involves neutron and 
proton rich nuclei, respectively. 

 

T 

I 
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Figure 1: Experimental neutron double differential spectra (filled circles) for the (a) p + 115In and (b) 4He +112Sn reactions measured at 

1550. Lines are the predictions of theoretical calculations using different parameterizations of the level-density parameter [1]. 

The neutron evaporation spectra from the excited 
116Sn and 116Te compound have been measured and 
analyzed within the statistical Hauser-Feshbach 
(HF) formalism. These nuclei are populated in the 
excitation energy range of 18–26 MeV via p + 115In 
and 4He + 112Sn reactions using the beams  from  the 

 
Figure 2: Input level densities for 115Sn and 115Te 

K130 cyclotron at VECC. Because of low excitation 
energy, the neutron spectra are predominantly 
contributed by the first-chance decay leading to the 
β-stable 115Sn and neutron-deficient 115Te as 
residues for the two cases. It is observed that the 
data could only be explained by the level-density 
parameter that decreases monotonically when the 
proton number deviates from the β-stable value (Fig. 
1) given by the relation [2]. 

])(exp[ 2
0ZZ

Aa
−

=
γ
α   (1) 

where Z0 is the atomic number of the β-stable 
isotope for the mass number A whereas α and γ are 

empirical constants. The input level densities for 
115Sn and 115Te used to explain the experimental 
data are shown in Fig 2. It is observed that the NLD 
of the neutron-deficient 115Te becomes 
approximately 10 times lower than that of the β-
stable 115Sn around the neutron separation energy. 

 
Figure 3: The prediction of the Z - Z0 form [Eq. (1)] of the level 
density is compared with a microscopic shell-model calculation. 

The experimental finding has also been confirmed 
by performing a microscopic shell-model calculation 
with the Woods-Saxon mean field. The microscopic 
calculation of the level density parameter shows the 
same trend as described by the phenomenological 
form given in Eq. (1) as shown in Fig 3. Particularly, 
both of them reasonably agree for the nuclei 
investigated in the present work.  

References: 
[1] Pratap Roy et al., Phys. Rev. C 102, 061601(R) (2020) 
[2] S. I. Al-Quraishi et al., Phys. Rev. C 67, 015803 (2003) 
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TECHNOLOGY DEVELOPMENT 

DESIGN AND DEVELOPMENT OF A LOW COST ARDUINO-CONTROLLED 
ETHERNET-INTERFACED MAJORITY LOGIC UNIT

ometimes, need arises to change a particular 
setting of a Nuclear Instrument Module (NIM) 

used inside the experimental cave of Room 
Temperature Cyclotron (RTC) during an ongoing 
experiment with beam ON. To do so, without 
stopping the beam, an indigenously developed Quad 
Majority Logic Unit (MLU) was uniquely upgraded 

to be controlled remotely via Ethernet as well as 
locally. The unit ideally performs operations of logic 
AND, OR, Majority and Anticoincidence functions 
by selecting required coincidence level settings and 
finally generating two valid fast NIM standard 
output with width variable from 4 to 150 nsec for 
coincidence/anti-coincidence experiments.  

 
Figure 1: Inside view of the remote control system. 

The design of newly developed remote control 
system, which is connected to the MLU, consists of 
Arduino Due, Ethernet Shield and a PWM output to 
DC converter. A 12-bit PWM output is generated 
using a firmware in the Arduino Due for each 
channel of the MLU and its duty cycle is user 
controlled through an interface. By changing this 
duty cycle, different DC voltage is obtained from the 
PWM to DC converter circuit and subsequently fed 
to MLU input comparator to obtain desired 
coincidence level. The control system is connected 
to the network via Ethernet and is designed as a web 
based server and assigned with a unique internet 
protocol (IP) address. A custom webpage is 
developed using Hyper Text Markup Language 
(HTML) in the control server. Users can access this 
unique IP address and change the MLUs 
coincidence level.  

Performances of this unit viz. time jitter (≤40psec), 
minimum overlap time (0.44nsec), maximum 
operating frequency (beyond 130MHZ), double 
pulse resolution (≤ 7.7nsec) and module delay 
(10nsec) have been measured which are found to be 
comparable with the commercially available 
modules. The upgraded system can also be used to 
control the coincidence levels of NIM units of 
Phillips Scientific Model 754, 755 and 756 as well. 
For further evaluation of this system, a two-fold 
coincidence experiment, using two BaF2 detectors 
keeping them opposite to each other and a Na22 

source in middle was done with the developed 
system as well as using Phillips Scientific Model 
754. The observed results were identical for both of 
them. 

 

S 
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DESIGN OF HELICAL RESONATOR WITH BEST POSSIBLE  FIGURE OF MERIT AT 
ROOM TEMPERATURE

 helical resonator serves as a key element in 
measuring the tiny image current (~ fA) 

induced by the trapped charged particles in Penning 
Trap. It is always desirable to design a helical 
resonator where the quality factor (Q) can be 
maximized for a given restricted dimensions of the 
resonator and frequency. Thus, the performance of a 
helical resonator can be judged on the basis of their 
figure of merit (∝) and it is given by the relation,  

∝=
2πQ
D�f0

 

where D is the diameter of the resonator and 𝑓0 is 
the resonance frequency of the tank circuit. In this 
work, a helical resonator has been designed using 
COMSOL Multiphysics software to obtain the 
maximum possible figure of merit where the 
diameter (D) and length (B) of the resonator have 
been kept fixed as per experimental constraints and 
other parameters, such as, diameter (d) and length 
(b) of helix, its axial pitch (𝜏), total number of turns 
(N), coil distance from bottom plate (z) etc. was 
varied. The design parameters are enlisted in Table 1 
and the crucial dimensions are shown in Fig. 1. 
Table 1: Optimized design parameters of Helical Resonator with best 

possible figure of merit 
Diameter of the Cylindrical Shield (D) 50 mm 
Helix Diameter (d) 28.4 mm 
Length of Helix (b) 47.5 mm 
Axial Pitch of the Helix (𝜏) 5 mm 
Total Number of Turns (N) 9.5 
Length of the Cylinder (B) 66.3 mm 
Coil distance from bottom plate (z) 12mm 

In this work, we have designed a helical resonator 
with resonance frequency 𝑓0 = 95.8 MHz, quality 
factor Q = 1250.1 and obtained ∝ = 16. In our 
previous work (published in NIM A 980 (2020) 
164465), we have achieved ∝ = 14.4 for the 
measured values of 𝑓0 = 19.67 MHz and Q = 1030. 
The figure of merit of different helical resonators 
used in various experiments around the world which 
are working at room temperature have been 
compared in Table 2. 

 
Figure 1: Schematic drawing of a helical resonator 

Table 2: Comparison of figure of merit of different helical resonator 
at room temperature 

Resonance 
frequency(MHz) Q-factor 

Diameter of 
outer Shield 

D (mm) 

Figure of merit 
(∝) 

1.91 683.3 266.7 11.6 
68.10 740.0 44.0 12.8 
19.67  1030.0 101.0 14.4 
95.80 1250.1 50 16.0 (This work) 
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RADIOISOTOPE PRODUCTION 

PRODUCTION AND SUPPLY OF NEW RADIOPHARMACEUTICAL 18F-FDG FROM 
REGIONAL CENTRE, BRIT, KOLKATA VECC MEDICAL CYCLOTRON 

FACILITY 
-18 is produced in the Medical Cyclotron 
Facility (MCF) utilizing Cyclone-30 by 

irradiation of H2
18O (97% enriched) [18O(p,n)18F] 

using 18 MeV proton beam (35-45 µA current) for 
30 min to 2 hours and the synthesis of 18F-FDG  was 

 

carried out using automated, closed loop and 
computer-controlled IBA make Synthera module 

inside the Hotcells (75 mm Pb thickness wall). 
ABX, Germany make reagents and ancillary kits 
along with IFP (Integrated Fluidic Processor) are 
utilized in the IBA Synthera module for the 
synthesis and purification of 18F-FDG. 

Production and supply of 18F-FDG to different 
hospitals from DAE Medical Cyclotron, 
CYCLONE-30, Kolkata, started in June, 2020. 
Regular Production & Supply of new 
radiopharmaceutical, 18F-FDG was started in July 
30, 2020 for diagnosis of Cancer Patients. Most of 
the hospitals in the city are procuring 18F-FDG from 
the Board of Radiation and Isotope Technology 
(BRIT). BRIT has been supplying 18F-
Fluorodeoxyglucose (18F-FDG) uninterrupted 
through the lockdown to the hospitals. 576 numbers 
of Invoice have been generated till December 2020 
earning a revenue of Rs. 88,72,400/-. 

PRODUCTION OF PHARMACEUTICAL GRADE Na[18F]F INJECTION, A BONE 
IMAGING RADIOPHARMACEUTICAL USING MODIFIED INTEGRATED FLUIDIC 
PROCESSOR IN IBA SYNTHERA MODULE OF VECC MEDICAL CYCLOTRON 

FACILITY 
he 18F-sodiumfluoride PET is highly sensitive 
for detection of malignant and benign bone 

abnormalities, for monitoring response to therapy, 
separation between uneventful and impaired healing 
processes of bone fracture, osteonecrosis and graft 
incorporation. The production of 18F was achieved 
by irradiating H2

18O (1.8ml) using IBA niobium 
target assembly with 18 MeV, 25-30µA proton 
beam current (total beam on target 25µAh) at 
Medical Cyclotron Facility. The automated 
fluorination module using IBA Synthera module and 
graphics based schematic for radiopharmaceutical 
synthesis of Na[18F]F are represented in Fig. 1 and 
Fig. 2 respectively.   

 
Figure 1: Automated Fluorination module:  

For synthesis of Na[18F]F 
 

 

F 
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Figure 2: Graphics based GUI interfaced Schematic  

for synthesis of Na[18F]F 

 
Figure 3: TLC spectra of Na[18F]F 

The physicochemical quality control tests of 
Na[18F]F include checking appearance,  pH, 
radiochemical purity by TLC method, radionuclides 
purity by HPGe  and residual solvent analysis by GC 
method were performed. The radioactivity assay i.e. 
yield determination and half life estimation were 

performed in dose calibrator. The biological quality 
control test including bacterial endotoxin test and 
sterility test were also performed. 

A high production yield of Na[18F]F of >99% and 
the radioactive concentration of 2-50 mCi/ml could 
be achieved. The radiochemical and radionuclidic 
purities of the Na[18F]F were found to be 99.9% 
(Fig. 3) and greater than 99.99% (determined by 
HPGe) (Fig. 4) respectively. The concentration of 
ethanol, required for physicochemical quality 
control, in Na[18F]F was found  < 4000 ppm (Fig. 5) 
And the same for Bacterial endotoxin, required for 
biochemical quality control, was found <5 EU/ml 
determined by PTS method  and passed the sterility 
test. The production of Na[18F]F in cyclone-30 has 
been achieved successfully. This new product has 
been launched in December, 2020. 

 
Figure 4: 

 

HPGe spectra of Na[18F]F 

Figure 5: Gas Chromatograph spectra of Na[18F]F 
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DIRECT PRODUCTION OF Ga-68 FROM SOLID Zn-68 TARGET IN VECC 
MEDICAL CYCLTRON FACILITY (FIRST TIME IN INDIA) AND PREPARATION OF 

68GaCl3, 68Ga-PSMA & 68Ga-DOTA-TATE RADIOPHARMACEUTICALS
t present, the supply of Ga-68 for medical 
imaging is primarily based on the expensive 

[68Ge]Ge/[68Ga]Ga generator. The present trend is to 
produce Ga-68 directly from enriched 68Zn. So, 
VECC and BRIT attempted direct production of Ga-
68 from electroplated 68Zn target via 68Zn(p,n)68Ga 
transformation in Cyclone-30.  

 
Figure 1: Electroplated Zinc-68 targets 

 
Figure 2: Irradiated target system received in the receiving hotcell 

Enriched 68Zn solid targets were prepared by 
electrodeposition technique for production 68Ga. The 
enriched 68Zn were irradiated with 15 MeV proton 
beam in the Cyclone-30 with an average integrated 
beam current of 25µAh (40-60 µA). The irradiated 
target was transferred to the solid target processing 
SPECT hotcell from the irradiation vault by remote-
controlled rabbit transport system for further 
radiochemical processing. The 68Ga was separated 
from the target, resulted in a very dilute HCl 
solution. All the operations were carried out 
remotely using the computer operated chemistry 
modules installed inside the processing hotcell. The 

Ga-68 chloride was labelled with PSMA-11 and 
DOTA-TATE ligands. 

 
Figure 3: HPGe  spectra of 68GaCl3 

 
Figure 4: TLC  spectra of 68Ga-PSMA-11  & 68Ga-DOTA-TATE 

 
Figure 5: Gallium Chemistry module computer based controller 

system 

 
Figure 6: Gallium Chemistry hotcell with Ga-chemisty module 

Zinc-68 electroplated targets (approx. 100-120 µm 
thickness) were obtained in 1 hr 50 mins time. The 
Gallium-68 chloride was evaluated by performing 
physico-chemical test such as radionuclidic purity 

A 
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determination by HPGe detector to detect the 
radioactivity of 68/67Ga. The yield of 68Ga produced 
is 1.0-1.5 Ci/µAh at end of bombardment. The R.N. 
Purity of 68Ga-chloride was found to be 99.90-
99.99%. The co-produced 65Zn was not detectable. 
The iron content was less than 3 ppm. Therefore, a 
highly pure 68Ga-chloride was produced 
successfully. The R.C. Purity of 68Ga-PSMA-11 & 
68Ga-DOTA-TATE were > 98% and > 95%, 
respectively.  

In August 14, 2020, the direct production of Ga-68 
using 68Zn(p,n)68Ga transformation was achieved 
successfully and it has provided access to clinically 
relevant quantities of Ga-68 isotope. This 
methodology may serve as an important supplement 
to the existing [68Ge]Ge/[ 68Ga]Ga generator to meet 
the future demand. 

EVENTS 

COMMISSIONING OF PMD LAB CLEAN ROOM 
he Photon Multiplicity Detector (PMD) lab has 
been renovated to a high class clean room. The 

old hall has been converted into cubicle areas of 
class 1000, class 10000 and class 100,000 
categories. The  renovation  work  continued  during  

 

the lockdown period and was completed within the 
stipulated time. The lab was commissioned on 4th 

November 2020 by Director-VECC. The main work 
to be carried out is the production and tests of large 
size triple GEM modules for CBM Muon Chamber 
system for FAIR. 

 
 

 

AWARDS & HONOURS 

BEST POSTER AND ORAL PRESENTATION AWARDS 
r. Joy Mukherjee, a Senior Research Fellow 
of VECC, has received best poster 

presentation award for his poster “Spatially 
oscillating dissimilar chemical phase formation by 
mixed ion beam irradiation” at the 6th International 
Conference on “Ion Beams in Materials Engineering 
and Characterizations (IBMEC 2020)”. The 
conference was organized by Inter University 
Accelerator Centre, New Delhi during December 8-

11, 2020 in virtual mode. In this poster Joy has 
shown how different oscillating chemical phase can 
be developed on silicon nano ripple using mixed 
(hetero nuclei+ homo nuclei ion beam) irradiation. 
A mixed ion beam (mixture of CO+ and N2+ ions) 
was developed using 2.4GHz ECR ion source at 
VECC, Kolkata and the surface morphology and 
chemistry were studied using AFM, XPS, TEM, 

T 
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EELS to ensure the spatially oscillating 
heterogeneous chemical phases. 

 
 

Mr. Joy Mukherjee has also received best oral 
presentation award in “National Conference of 
Physics and Chemistry of Materials (NCPCM-
2020)” conducted by Holkar Science college in 
association with American Institute of Physics from 
December 14-16, 2020 via virtual online mode. In 
this AIP conference proceeding Mr. Mukherjee has 
presented his work titled “Investigation of chemical 
instability and optical absorbance of ion bombarded 
nano structures”. Here he has demonstrated how the 
chemical instability enhances the nanostructure 
formation and optical absorbance, which are useful 
for different physicochemical applications. 

 

BUTI FOUNDATION AWARD 2020 
r. Jhilam Sadhukhan, Theoretical Nuclear 
Physics Division, VECC has received the Buti 

Foundation Award 2020 for his innovative 
theoretical work related to spontaneous fission of 
heavy  and super heavy nuclei. The award is given 
biennially by the Indian Physics Association to 
young scientists who have made outstanding 
contributions in the area of Theoretical Physics, 
Astrophysics or Biophysics. The award consists of a 
Citation, a Medal, and a Cash prize of ₹ 25,000. 

 

HONOUR 
r. Zubayer Ahammed, SO/F, EHEP&A Group 
has been elected the next Chair of the ALICE 

India Collaboration Board for a two-year period, 
2021-23. ALICE is one of eight detector 
experiments at the Large Hadron Collider at CERN. 
About 40 scientists from different Indian Institutes 
and Universities are working in this experiment. 
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Photograph courtesy Shri. Tanmoy Das, VECC 
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