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Preface 

It gives us great pleasure to present the highlights of the research and developmental 

activities on the occasion of the completion of 25 years of operation of the Pelletron LINAC 

Facility (PLF). In this brochure we highlight the R&D programmes carried out in the last 5 

years. We would also like to mention that the PLF hosted a major campaign of the Indian 

National Gamma Array (INGA) for the last 2 years with users from several Universities, 

including a large number of students, participating in gamma ray spectroscopic experiments. 

The experiments used beams accelerated by both the Pelletron accelerator and that boosted 

by the superconducting LINAC. We look forward to the continued support of the very vibrant 

user community and their ever increasing demand. We strive to sustain and continuously 

upgrade the accelerator facility and in particular enhance our repertoire of beams for nuclear 

physics experiments. 

We would like to specially thank Drs. Rudrajyoti Palit, Aradhana Shrivastava and Kripamay 

Mahata for putting together this brochure. Thanks are also due to all the PLF users for 

sending their contributions. 

R.G. Pillay (T.I.F.R.), V.M. Datar (B.A.R.C.) 
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1. Introduction to Pelletron Linac Facility 

 

The Pelletron Linac facility (PLF), a joint venture between the Bhabha Atomic 

Research Centre and the Tata Institute of Fundamental Research, has been a major research 

centre for the heavy ion accelerator based research in India. The Pelletron accelerator was 

formally inaugurated on 30
th

 December 1988 and marked an important milestone in nuclear 

physics research in India. The facility was augmented with the indigenously developed 

superconducting LINAC booster to enhance the energy of the accelerated beams. The phase I 

of LINAC booster was commissioned on 22
nd

 September 2002 and the facility was dedicated 

to users on 28
th

 November 2007 after the completion of the phase II. A variety of state-of-the-

art experimental facilities have been developed at this centre to pursue frontier research in 

nuclear, atomic, condensed matter and bio-environmental physics. While a majority of the 

researchers at this facility are from BARC and TIFR, the experimental community includes 

scientists and students from other research centres and universities within India and abroad. 

About 100 Ph.D. theses and about 650 publications in international referred journals have 

resulted from the research activities at the PLF. These include 28 publications in Letter 

journals. 

Over the last twenty five years, the Pelletron accelerator has been working with an 

efficiency of around 80%, delivering a wide variety of beams ranging from proton to Iodine. 

A number of developmental activities have been carried out in-house to improve the 

performance of the accelerator. These include, replacement of voltage grading based on 

corona needles by resistances, installation of a new terminal potential stabilizer, introduction 

of recirculation terminal gas stripper system, development of negative ion beams for a wide 

range of ion species, a double harmonic drift buncher in the low energy injection path and 

integration of Linux based control & monitoring system. Recently, application oriented 

programs like Accelerator Mass Spectrometry, production of track-etch membranes, 

radioisotopes production, radiation damage studies and secondary neutron production for 

cross section measurement etc. have also been initiated. 

The LINAC booster consists of seven liquid helium cryostat modules, each housing 

four lead coated (2 m) copper quarter wave resonators (QWR). The cavities are designed to 

operate at 150 MHz with an optimum acceptance at a velocity corresponding to =0.1. The 

performance of QWR is found to be excellent with an average energy gain of 0.4 MV/q per 

cavity corresponding to 80% of the design value. Beam transmission from the entry to the 

exit of the LINAC was found to be 80% and the beam timing (FWHM) of ~ 600 ps was 

measured at the target position. Development of the superconducting LINAC is a major 

milestone in the accelerator technology in our country. Most of the critical components of the 

LINAC booster, the first superconducting heavy ion accelerator in India, have been designed, 

developed and fabricated indigenously. 

The accelerator operation complies with the guidelines and recommendations of the 

Particle Accelerator Safety Committee (PASC), the Operating Plant Safety Committee 

(OPSRC) and the BARC Safety Council. 
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A schematic layout of the Pelletron-Linac facility along with a plot showing the available 

energy from Pelletron (Epell) and Linac (Elinac) as a function of mass number (A) 
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   The beam lines in the old beam hall are used for irradiation, accelerator mass spectrometry, 

-ray and neutron time-of-flight measurements, experiments involving charged particles 

using a general purpose scattering chamber, a facility for doing perturbed angular correlation 

measurements using nuclear probes in samples at low temperature and atomic physics. 

    Two new experimental halls house beam lines with various experimental facilities. Hall 1 

houses a General Purpose Scattering Chamber, a setup for high energy -ray measurements, a 

-ray multiplicity array and an annular parallel plate avalanche counter. Another beam line 

has been used for condensed matter studies and atomic, molecular and cluster studies. Hall 2 

hosts the high resolution gamma detector array, INGA, and a charged particle ball. A 

Momentum Achromat for Radioactive Ion Experiments is being developed on the 0  

beamline.  

 

 

 

 

Experimental stations in Hall 1 (top panel) and Hall 2 (bottom panel) 
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2. Accelerator related development activities 
 

Ion Source & Beam Development 

An indigenously developed MC-SNICS (Multi-Cathode Source of Negative Ions by 

Cesium Sputtering) source system is successfully installed and commissioned at Pelletron-

Linac accelerator facility. The source has performed consistently delivering negative ion 

beams of a wide variety of elements with high intensity and better emittance to diverse users 

round-the-clock. This source is equipped with a precision remote controlled thirty six sample 

wheel, permitting rapid ion beam switching in situ without disrupting the accelerator 

operation ensuring high beam uptime of 

the accelerator. The source comprises 

state-of-the-art design features including 

an intermediate Cs
+
 ion focusing lens, 

coaxial cesium vapor transport line and 

an efficient cathode-wheel close loop 

cooling arrangement. This source is not 

only serving as a workhorse for regular 

operation at round-the-clock running 

Pelletron-Linac accelerator facility but is 

also an indispensible element for the 

ongoing (
36

Cl, 
129

I) Accelerator based 

Mass Spectrometry programme. 

Various composite cathodes and gas feed sputter-cathodes of specific elements across the 

periodic table were developed and characterized at the ion source test bench set up as per 

user’s requirement. Sputter-cathodes relevant to the ongoing 
36

Cl, 
129

I AMS measurements 

were also prepared and tested. The gas-feed Cesium-sputter technique was utilized for the 

production of ‘superhalogen’ negative ions MFn
   

(M=metal/non-metal atom, n=1-6) and 

exotic polyatomic negative ions. Beams of 
4
He and 

9
Be have also been made available as per 

user requests. 

Re-circulating Turbo pump for the gas stripper 

In a tandem accelerator, for heavy and molecular ion beams a gas stripper is 

preferable to a foil stripper.  As the gas stripper is situated at the high voltage terminal, its 

efficient operation crucially depends on its supporting vacuum pumps.  The sublimator 

pumps originally supplied by NEC for the gas stripper, which were not very effective, have 

been replaced by re-circulating turbo molecular pumps. 

Low Energy Buncher system 

A pulsed beam is obtained using a double harmonic drift buncher, built in-house, situated 

in the low energy injection path of the Pelletron accelerator. The beam bunches have a typical 

width (FWHM) of 1.5 ns with a separation of 107 ns and the bunching efficiency is ~66 %.  

The dark beam current between the beam bunches is swept away by a RF parallel plate 

sweeper, situated at the exit of the Pelletron. The transit time variation arising from Pelletron 

terminal voltage fluctuations are compensated by locking the reference of the LE buncher to 

the phase detector operating at f/4 and situated at the injection of the LINAC. In addition, a 

 

Muti-cathode negative ion source 
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beam chopper has also been installed to increase the time duration between bunches 

(~200 ns − 1.6 s). Recently, to achieve a better stability on the phase lock, detailed phase 

stability measurements of the RF subsystem consisting of various RF devices, which operate 

at different sub-harmonics of the LINAC clock (f/32, f/16, f/8, f/4 and f) have been carried 

out. It was observed that temperature instabilities, ground loops and poor RF/EMI shielding 

due to aging effects were responsible for the phase jitter and drifts. The long term drifts and 

phase noise in the RF control of the LE buncher system have been minimized to a level better 

than 50 ps. 

Pelletron control System 

A Linux based Control System, a two layer software consisting of a scanner and an 

operation interface (OIF), has been developed for the Pelletron accelerator.  The scanner acts 

as a TCP/IP server and directly accesses the CAMAC crates.  The Pelletron OIF is a 

graphical user interface based on Trolltech's QT C++ Graphical APIs and connects to the 

scanner via TCP/IP.  All system parameters are programmable by ASCII database files.   

Development of digital modules is a continuing effort. A PXI Express 4 lane DAC 

module has been designed and tested successfully for memory (DMA) transfers. The board 

has a 10 layer PCB which is designed to avoid crosstalk and EMI. A 24 bit CAMAC Output 

Register has been developed and successfully tested for controlling various 

instruments/equipments at the PLF. A Labview based test program has been developed for 

troubleshooting the CAMAC Modules. 

In addition, a new heat-exchanger system has been installed outside the accelerator 

tank, in place of the earlier one housed inside, to circumvent the possibility of any water-

leakage in the tank volume. Some of the column posts which showed fatigue due to aging 

have also been replaced. 

LINAC Cryogenics upgrade 

The cryogenic system is a crucial component of the heavy ion superconducting LINAC 

and continuous upkeep as well as maintenance has been undertaken for improving the 

efficiency. The Liquid Helium Refrigeration plant for the LINAC has been upgraded to 

enhance the refrigeration capacity to ~450 Watts (from the earlier 300 W) at 4.5K without 

LN2 pre-cooling. The helium recovery system has been upgraded to enhance the capacity by 

installing two new recovery compressors and an additional 30m
3 

storage bag. The high 

pressure pure/impure helium storage system has been rearranged in the form of quads and 

relocated on the ground floor. In addition, earlier 1/4” piping has been replaced with 3/8” 

piping in order to reduce the pressure drop in the helium line. An electronic control system 

based on the level of helium in the gas bag has been designed to operate the recovery 

compressors either in an alternate or in a dual mode. The control is designed to start the 

compressor when either of the gas bag volume exceeds the preset value, while the stop is 

issued only after all the gas bags are emptied. 

A vacuum jacketed liquid nitrogen transport line from the Low Temperature Facility 

(LTF) to the LINAC accelerator and user halls has been installed to provide a continuous 

supply of liquid nitrogen. 

LINAC Control  & Instrumentaion 

The LINAC control system is modular with a geometrically distributed architecture for 

RF control. The RF control system used the CC8 CAMAC controller, which interfaces with 

the PC through a PC-ISA bus.  These have been replaced with an Ethernet based Embedded 

CAMAC Controller (ECC). It has a single Board Computer linked to PC over Ethernet and 
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add-on logic implemented in FPGA for full CAMAC functionality. This has been tested 

extensively for beam operations and the RF control system for all resonators has been 

upgraded to ECC. Necessary changes in the software have been made for compatibility with 

ECC and several new features have been incorporated to make the OIF more user friendly. 

The operator GUI deployed on the Master Control Station (MCS) in the accelerator 

control room is designed to communicate with individual devices. The micro-controller based 

instrumentation and interface has been developed for control and monitor of the cryogenic 

parameters, beam diagnostics and beam transport devices. All power supplies for the beam 

transport elements like magnetic steerers, quadrupoles and dipoles are controlled from the 

MCS via individually addressable 16-port Ethernet to RS232 serial switch. Several other 

devices like Faraday Cups, BPMs, Cryogenic controls etc. are also connected via serial to 

Ethernet switches in a similar manner.  

Indigenously designed Beam Profile Monitors (BPMs) have been successfully 

fabricated at TIFR workshop and installed in the accelerator as well as user beam lines. The 

BPM, an important beam diagnostic tool, consists of a wire that scans the beam in the X and 

Y directions giving rise to secondary electrons. These are collected and the generated signal 

is processed in a low noise, high gain preamplifier unit with a selectable gain control to cover 

the 1 nA - 1 mA range. The BPM signal is displayed on an oscilloscope, synchronous to the 

scanning cycle, to depict a real-time profile of the beam. 

A coaxial capacitance type sensor is developed in house to measure the LN2 level. 

Monostable multi-vibrator based readout electronics is designed to measure the change in 

capacitance due to LN2 level change. LN2 control station is developed for auto LN2 filling in 

LINAC cryostats. In case of vacuum failures different sections of beam lines need to be 

automatically isolated to prevent deterioration of vacuum in other parts. For this purpose 

several valve control stations have been developed and installed in the LINAC and 

experimental areas. The vacuum gauge controller continuously scans the gauge readings and 

compares the vacuum with the user set points to generate relay contact outputs. In auto mode 

the valves are opened only when vacuum is better than the set point.  

A test of longitudinal phase space measurement with the spectroscopic diamond 

detector has been carried out with the beam from the LE buncher and with the beam 

accelerated through LINAC phase I.  

In beam test of the digital Self Excited Loop 

Digital Self Excited Loop (SEL) based control for upgradation of RF control system 

of Linac is under development and the system was tested for the control of one resonator with 

beam for few hours and without beam for several days. Additional features such as a pulse-

generator for pulse conditioning of the resonators, triggered data acquisition for better 

diagnostics and improvement in the code of the ‘controller’ to handle the transients at the 

time of amplitude and phase ‘lock’ etc. have been incorporated. The stability of the control 

was found to be excellent. Under locked conditions the amplitude and phase errors were 

found to be within 0.1% and 0.2°, respectively.  

Low flux proton irradiation set up 

A low flux of protons between 10
3 

and 10
8 

particles/cm
2
/s in air is required for 

radiological applications and qualification of space based electronic devices. A setup 

comprising of a scattering chamber of 30cm diameter with 40KF ports at angles 45
o
, 135

o
, 

225
o
 and 315

o
 with respect to the incident beam was developed. Titanium windows of 25 m 

thickness were employed to bring the beam into air for irradiation of specimen without 
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breaking the vacuum. The scattered particle flux was measured with PIN diode detectors 

using an indigenous data acquisition system. The setup is being used by various users.  

6M irradiation set up 

 An  irradiation facility at the 6 metre elevation level has been developed and provides 

a neutron yield up to 10
7
-10

8
 n/s via

 7
Li (p, n) and 

9
Be (p, n) reactions using few MeV protons 

with a few hundreds of nA beam current. Specific assemblies designed to handle flammable 

and toxic target materials are being used for various applications. This facility allows 

irradiation of solid as well as liquid samples directly by protons or by the secondary neutrons 

obtained from such targets.  This setup is also being used for irradiation of materials at higher 

temperature up to 500
o
C. A High Temperature Multi Target (HTMT) assembly has been 

designed and developed.  

 

 

 
Schematic of the assembly to irradiate 

samples 

        The 6 M irradiation set up 

 

Ongoing R&D and future plans 

       The positive ion injector system, conceived some time ago, consists of a superconducting 

ECR (Electron Cyclotron Resonance) source and a room temperature RFQ (Radio Frequency 

Quadrupole) followed by low and high beta superconducting resonator cavities.  

      A superconducting ECR (Electron Cyclotron Resonance) Ion Source PKISIS, from M/s 

Pantechnik, France, has been installed and commissioned successfully after performing the 

final acceptance tests at Van-de-Graaff, BARC. The ECR source operating at 18 GHz 

frequency was optimized for producing 
238

U
+34

 beam via the sputtering route. The transverse 

emittance of 
238

U
+34

 beam of ~3eµA was measured to be <1π mm-mrad using a wire scanner 

device in situ.  

     A prototype room temperature Radio Frequency Quadrupole (RFQ), operating at 75 MHz 

for accelerating ion beams from ~0.01 and to ~0.035, has been designed and developed. 

The RFQ was conditioned up to 1 KW CW RF power with the reflected power within a range 

of 5–10 %. 

    The upgrade of the HV accelerating tube in the Pelletron is planned to enable operation at a 

higher voltage and to improve the overall performance. It is also proposed to develop low  

(~0.05) niobium cavities for two LINAC modules, to enhance the acceptance of the LINAC 

for heavier beams. Efforts are underway for the development of digital LLRF control for the 

superconducting cavities. 
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3. Instrumentation and detector setup 
 

 Developments related with Indian National Gamma Array at TIFR-BARC 

Pelletron Linac Facility at Mumbai 

The physics focus of the Indian National Gamma Array (INGA) is to investigate emergent 

phenomena of the nuclear many-body system and the symmetry of the nuclear mean-field at 

high angular momentum. To achieve this general goal, a 24 Clover Detector array with a total 

photo-peak detection efficiency of ~5% 

was assembled as a part of collaboration 

between TIFR, IUAC, BARC, SINP, 

IUC-DAE-Kolkata centre, VECC, IITs 

and Universities. Forty experiments have 

been performed during 2011-2013. Sixty 

scientists including 25 Ph.D. students 

from different institutes within India and 

abroad are involved in these experiments. 

The project has significantly added to the 

knowledge-base and the technical 

manpower in the country in the field of 

nuclear -ray spectroscopy with heavy ion 

accelerator facilities for nuclear physics.  

 

Digital Signal Processing (DSP) technique 

 
In the current campaign of INGA at the PLF a new readout scheme based on the Digital 

Signal Processing (DSP) technique for the clover detector array has been implemented. This 

enhanced the detection capability of the array by one order of magnitude. Data analysis 

software has been developed in-house. The new features of the current configuration of 

INGA are its capability to measure long-lived isomers up to 10 msec and near zero dead time 

at high count rate.  

 

 
 

DSP based DAQ for  

INGA 
Decay plot of a long-lived isomer in 

90
Nb using 

time stamp technique. 

 

 

 

Picture of the Indian National Gamma Array 

with the Compton suppressed clover detectors  
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Ancillary detectors for gamma ray spectroscopy 

 
A highly segmented 4-charged particle array has been fabricated and will be coupled to the 

INGA facility for particle tagging for nuclear structure and reaction studies. It consists of 80 

CsI(Tl) detectors and particle identification will be carried out with the DSP technique. 

Wavelet analysis of the pulse shapes were carried out to distinguish between gamma rays and 

alpha particles in an off-line experiment.  

 

 
 

80 element charged particle array for 

 INGA 

 

Scatter plot of wavelet analysis of 

preamplifier pulses of CsI(Tl) detectors 

for gamma rays and alpha particles 

 

Segmented annular PPAC to tag fusion residues by time of flight 
 

An annular PPAC has been developed to handle the high count rate at forward angles while 

separating the quasi elastic (QE) events and the fusion residue (FR) events by time of flight 

measurements. A transparent mylar window is supported by a stainless steel frame and a thin 

aluminized mylar cathode with its supporting frame. The anode consisting of a double sided PCB 

is segmented into 12 parts comprising 4 sectors and 3 rings with varying widths which provides (θ, 

Φ) information of FRs. The PPAC is integrated with a thin wall chamber in the 45 beam line in 

Hall-1 of the PLF along with a 38-element BGO multiplicity setup. A typical TOF spectrum 

obtained by one of the segments of PPAC in coincidence with the BGO array, as shown in figure 

below, demonstrates a clear separation of FR from QE events. The FR tagging efficiency of the 

PPAC has been found to be ~25% in the 
124

Sn+
28

Si reaction at188 MeV. 

  

  Segmented annular PPAC TOF spectra showing quasi-elastic & fusion residues 
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38 element BGO array for gamma ray multiplicity measurement 
 

A 38-element BGO multiplicity array has been setup to extract the angular momentum (J) 

of an excited nucleus by measuring of multiplicity of -rays emitted by the nucleus. The 

fold distribution in coincidence with the BaF2 array with and without the residue gate 

from the annular PPAC is shown in the figure.  This array is used in the experimental 

setup for measurements involving nuclear level densities, giant dipole resonances etc.  

  

38 element -ray  

multiplicity array  

Fold distribution with and without selection of 

fusion residues from PPAC 

 

   Large area plastic scintillator array for fast neutron measurements 
 

A large area neutron detector array (~1m × 1m ) has been set  up and consists of  16 

plastic scintillator bars of square cross section (see figure). Each bar has a size of 6 cm × 

6 cm × 100 cm and is coupled to two 5 cm diameter XP2020 PMTs, one at either end. 

The characterization of the plastic detector was done using radioactive sources and mono-

energetic and continuum neutrons using beams from the PLF. The energy, time and 

position response has been measured for electrons using radioactive sources and for 

  

 Plastic scintillator detector array  Setup for measuring neutron TOF spectra  

using plastic scintillator array 
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mono-energetic neutrons using the 
7
Li(p,n1 )

7
Be*(0.429 MeV) reaction at proton energies 

between 6.3 and 19 MeV. The array has been used for fast neutron spectroscopy and can 

also be used for other measurements requiring a coincidence with neutrons. 

The Charged Particle Detector Array (CPDA) 

 
The CPDA setup, consisting of 50 ∆ESi-PAD-ECsI detector telescopes, has been installed in 

Hall-2 of PLF. The Si-PAD detectors (developed in collaboration with BEL, Bengaluru) have 

a 300 m Si backed by a CsI-PIN detector 10mm thick. This experimental setup is aimed at 

studying the statistical and dynamical properties of an excited compound nucleus by 

measuring the light charged particles produced in heavy-ion induced fusion/fission reactions. 

The first experiment has been carried out using 10 detector telescopes for investigating the 

nuclear level density parameter from the measurement of alpha particles emitted from the 

excited compound nuclei produced in heavy ion reactions. Several electronic modules, 

including a 25-channel pre-amplifier, pulse shape discriminator modules and 48 channel 

programmable HV systems, have been developed indigenously for use with the array.   

 

  

  One ring of the CPDA                       Particle Identification 

  

 

Multi-wire cathode strip detector  

A large area bi-dimensional position sensitive 

multi-wire cathode strip detector (MCSD) for the 

detection of fission fragments (FFs). The 

performance of the detector has been investigated 

with FFs from 
252

Cf source. The position resolution 

is found to be about 1.0 and 1.5 mm in X and Y-

directions respectively. The image “BARC” has 

been obtained with a Mask placed between the 

source and the detector. The detector has been used 

for measuring FFs produced in heavy-ion induced 

experiments in 
6,7

Li+
232

Th reactions at energies 

around the Coulomb barrier.  

 

 

Hybrid Detector Telescope 

A hybrid detector telescope (ΔEgas - Egas - 2ECsI(Tl)) has been developed for the  simultaneous 

detection of  a wide range of charged particles (Z=1 to fission fragments). The gas-section of 

 
A multi-wire cathode strip detector 
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the detector is operated in the ionization region and the gas pressure can be adjusted 

according to the range of charged particles. The long range light charged particles (LCPs) are 

separated from other reaction products in heavy-ion reactions by the two CsI(Tl) detectors 

using the pulse shape discrimination technique. The hybrid detector telescope has been used 

for the yield measurement of LCPs along the fragment direction from the coincidence 

measurement with the fission fragments produced in heavy ion induced fusion-fission 

reactions.     
 

 

 
 Schematic diagram of the Hybrid Detector 

Telescope consisting of ∆Egas-Egas-2ECsI 

assembly 

        Particle identification spectra 

General Purpose Scattering Chamber for LINAC Beam hall 

A 1.5 meter diameter general purpose scattering has been installed in the 30 beam line of 

LINAC Hall1. It has two independently rotatable arms to mount detectors and a target ladder 

with the provision to mount 6 targets. Facility of rotation of the detectors arms and rotation as 

well as height adjustment of target ladder from a remote location without interrupting beam 

using ferro-fluidic seals and PLC (Programmable Logic Controller) have been installed. 

Multi-pin vacuum feed-throughs have been provided to carry signals from highly segmented 

detector arrays. One port is equipped with gas inlet/outlet as required for gas detectors. 

Several safety measures have been installed to prevent accidental damage. The chamber is 

fully functional and being used by several users. 
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General purpose scattering chamber   Inside view of scattering chamber  

 

Low back ground offline -ray coincident counting setup 

 
A novel and sensitive activation technique for measuring coincidences between characteristic 

KX-and -rays has been developed in our lab to measure very low cross-sections. The set up 

consists of two efficiency calibrated HPGe detectors placed face to face for performing KX-

-ray coincidence of the decay radiations from the irradiated sample positioned symmetrically 

between the two detectors in a close geometry. The measurements are performed in a low 

background setup with a graded shielding (Cu-Cd-Pb). This method has been used for the 

first time to measure cross-sections, for a system involving the weakly bound stable projectile 

of 
6
Li, down to nanobarns.  

 

 

 

 

Coincidence setup with 

 two HPGe detectors 

 inside low back- 

ground shielding 

-ray spectra with  

and without  

KX--ray coincidence  

Evaporation residue cross-

section measured in coincidence 

set up 

 

LaBr3-NaI(Tl) phoswich detector for measurement of High energy -rays 

The PARIS detector comprising clusters of LaBr3-NaI(Tl) phoswich elements, is designed for 

high energy gamma ray studies with Radioactive 

ion beams and a prototype cluster of 3 x 3 detectors 

is under development. Each phoswich detector 

consists of 2"x 2"x 2" LaBr3(Ce) scintillator 

optically coupled to 2"x 2"x 6" NaI(Tl) crystal. Two 

phoswich detectors for the PARIS prototype have 

been characterised with radioactive sources and 

using the 
11

B(p,) reaction at 163 keV & 7.2 MeV. 

The energy resolution and linearity of the phoswich 

detectors have been studied over a wide range upto 

22 MeV, for the first time. The performance of the 

detector has also been studied as a function of PMT 

voltage (1000-1800V). The measured time 

resolution using a 
60

Co source was  ~ 160 ps at -

1800 V and ~390 ps at -l000 V. 

 

Energy spectrum with 
241

Am-
9
Be 

source in phoswich detector showing 

LaBr3 and NaI components 

Inclusive 

KX-coincidence 

Lowest  up to 20 nb 
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4spin-spectrometer 

 

A 4 spin-spectrometer consisting of a compact array of 32 conical NaI(Tl) detectors of 

pentagonal and hexagonal shapes forming a spherical shell has been commissioned.  The 

absolute efficiencies and response of the 

array have been measured using -ray 

sources. The spectral shapes and the 

efficiencies have been reproduced using 

realistic GEANT4 simulations.  The spin-

spectrometer has been used in conjunction 

with large volume high energy gamma-rays 

spectrometers for GDR decay studies at 

TIFR, Mumbai and IUAC, Delhi.  More 

recently, it has been coupled with the gas 

filled Hybrid Recoil Analyser (HYRA) at 

IUAC, Delhi to study effect of angular 

momentum on heavy-ion induced reaction 

dynamics. The 4 spin- spectrometer on one of the beam lines of the PLF. In the adjoining 

figure the beam comes from the right. The cosmic-ray suppressed high energy NaI(Tl) 

spectrometer can be seen on the right. 

 

Studies of Lanthanum Bromide (LaBr3:Ce) detectors 
  

The newly discovered Lanthanum Bromide crystals are arguably the best of all scintillator 

detectors. Exhaustive studies to characterise LaBr3:Ce detectors of different shapes and sizes 

have been carried out.  These include 1) complete characterization of a small LaBr3:Ce 

crystal including measurement of absolute efficiencies, 2) study of a phoswich of LaBr3:Ce 

and NaI(Tl), 3) the response matrix and absolute photo-peak efficiency of a very large 

volume cylindrical LaBr3:Ce from 662 keV to 30 MeV.  The measurements have been carried 

out using radioactive sources, proton induced in-beam reactions and monochromatic high 

energy photon beams from a Free Electron Laser Gamma source at Duke University. A 

characterization of large volume square bars of LaBr3:Ce have also been done. 
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The linear response of the large volume 

cylindrical LaBr3:Ce detector from 662 

keV to 22.5 MeV 

 Measured -rays spectra for 30 MeV     

photons in the large cylindrical LaBr3:Ce  

compared with the  GEANT4 simulation 

 

 

Development of VME Data Acquisition 
 

A Data Acquisition system using the VME bus has 

been developed for use in accelerator based 

experiments. The software system LAMPS, earlier 

developed around CAMAC hardware and used 

extensively in our laboratory and elsewhere, has 

been modified to work with VME hardware. The 

system makes use of the VME library to 

implement Chain Block Transfer readout (CBLT) 

and gives the option of both Polling and Interrupt 

mode to acquire data. A practical throughput of 

~250 ns/word in zero suppressed mode has been 

achieved. 

 

 

 

Digital Signal Processor 

 
A FPGA based, high speed, two channel, analog input card with a maximum input 

sampling rate of 1 Giga samples per second (Gsps) per channel has been designed and tested 

for acquisition of data in nuclear physics experiments successfully. A hardware design 

employing internal trigger generation with programmable trigger, programmable pre-

triggering, moving average filtering, and programmable memory storage has been 

successfully developed for acquiring pulses from radiation detectors at an input sampling rate 

of 1 Gs/s to study the pulse shape discrimination capability of the card.  

 

 

 

 FPGA digital signal processor Digital pulses recorded from Si detector 

 

Multi-crate control system 

 

 
VME  based DAQ system  
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A new multicrate, Linux based control and monitoring system employing three ethernet 

based CAMAC controllers, has been installed and commissioned at the Pelletron accelerator. 

The system software consists of a scanner and operator interface (OIF). The CAMAC 

controllers consist of an embedded PC and provide connection mode TCP port for crate 

access. The OIF consists of accelerator parameter display area, six graphical assignable 

meters and four slider controls. The parallel architecture of the system and availability of 

parameter information like device address, range, conversion units in the OIF ensures ease of 

maintainability and troubleshooting. 

 

 
 

7T field magnet for time differential perturbed angular distribution 

measurements 
 

 

A versatile low temperature high magnetic field 

setup has been installed in the 30
0
S beam line 

(see Fig).  The on-line like time differential 

perturbed angular distribution (TDPAD) 

technique involving in-situ measurements allows 

the use of a wider spectrum of probes to study 

different problems in solid state physics. The 

setup is also used for measurements of nuclear g-

factors, an essential ingredient for understanding 

nuclear structure at high excitation energies. 

  

 

 

 

 

 

   Setups for atomic and molecular physics studies  
 

   For atomic physics studies several 

innovative facilities have been developed: 

such as, electron spectrometer, high 

resolution x-ray spectrometer and recoil-ion 

spectrometer, a surfatron based atomic-

hydrogen source and a multiple target 

holder assembly. Very recently, to 

complement the Pelletron based collision 

work, we  have installed a major facility of 

14.5 GHz electron cyclotron resonance 

(ECR) ion source-based low energy highly 

charged ion accelerator producing intense 

ion beams which is also partly used by 

national users. A new cold target recoil ion 

momentum spectroscopy based setup is 

being built.  

 

 
7T magnet setup 

 
Scattering chamber with e-spectrometer, X-ray 

detector with charge state analyzer 

Acquired 

pulses 
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4. Physics Highlights 
 

Nuclear Physics 
 
   The primary aim of nuclear physics is to understand the origin, evolution, structure and 

phases of strongly interacting matter, which constitutes more than 99 percent of the visible 

matter in the Universe. This is an important and challenging task that requires the concerted 

efforts in both theory and experiment. This brochure gives the highlights of experimental 

research activities based on work done at the PLF in the last five years. 

 

Understanding clustering in atomic nuclei 

 
Cluster structures in light nuclei have recently attracted much 

attention. The subject of clustering has remained important throughout 

the history of nuclear physics. The formation of clusters is a 

fundamental aspect of nuclear many-body dynamics, which must 

coexist with the nuclear mean-field. In our lab we have studied cluster 

structure of different nuclei through resonant capture, resonant 

breakup, knock out and direct reactions. The role of clustering on different reaction 

mechanisms has also been explored. 

 
How well do we understand the dumbbell structure of 

8
Be? 

 
Unstable 

8
Be is a stepping stone from the light nuclei produced in the Big Bang to all the 

heavier elements. It is crucial for the nucleosynthesis of 
12

C, the element essential to all living 

organisms, and is the simplest alpha cluster nucleus. Its investigation provides clues to the 

understanding of more complex α-cluster structures in nuclei. The 2α-dumbbell-like structure 

of 
8
Be is responsible for a rotational band built on the ground state. Electromagnetic radiation 

emitted in transitions between these members is very sensitive to the cluster spacing. This 

experiment involves the measurement of a very weak gamma decay branch, from the 4

 state 

to the 2

 in 

8
Be, of ~ 10

-7
 compared to the 2α decay breakup branch, in coincidence with the 

two -particles from the decay of the 2
 

final state. This involved using a helium gas target, a 

 
 

  Energy levels of 
8
Be Radiative capture cross sections at 4     

beam energies. 
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BGO array for measuring the 5-15 MeV -rays and the coincident -particles in a Si strip 

detector. The precise measurement of the radiative transition probability at 4 energies 

straddling the 4

 resonance allows tests of recent nuclear theories based on realistic nuclear 

forces. This new result motivates a calculation that combines state of art ab-initio structure 

calculations with reaction models of the alpha-alpha collision process.   

  In another work cluster state formation viz. the population of unbound 
8
Be and the Hoyle 

state of 
12

C produced in the reactions 
12

C+ 
12

C and 
13

C + 
12

C have been studied using 

resonance particle spectroscopy. It was observed that the yield of neutron rich isotopes of 

different fragments is more in the 
13

C + 
12

C compared to 
12

C + 
12

C reactions at ~ 6 MeV/u. 

 

  Alpha and heavy cluster structure of 
18

O was also investigated using resonance breakup of 

the nucleus from 
12

C target.  

Cluster structure of 
9
Be studied via direct reactions 

The precise measurement of elastic 

scattering for 
9
Be + 

208
Pb was performed 

to investigate the dominance of cluster 

structure of 
9
Be as 

5
He+

4
He vs 

8
Be+

1
n. 

The present data along with the n-transfer 

data available from literature was 

analyzed using Continuum Discretized 

Coupled Channel (CDCC) and coupled 

reaction channel calculations. The results 

showed that 
8
Be+n cluster model gives a 

better description of the elastic, transfer 

and fusion cross-section data. 

 

 

 

Heavy cluster knockout reactions 

 
The decades old anomaly of unrealistically huge α-cluster spectroscopic factors from α- 

knockout reactions has been resolved 

through the development of a new 

formalism involving a repulsive core 

finite range t-matrix within the 

DWIA(FR-DWIA) approach. This 

prompted the measurement of the 
16

O(
12

C, 2
12

C)
4
He heavy cluster 

knockout reaction at PLF. The FR-

DWIA analysis of the data led to the 

discovery of ~3 fm repulsion core in 
12

C-
12

C optical potentials. Recent 

results of 
24

Mg(
16

O, 2
16

O)
8
Be and 

24
Mg(

12
C, 2

12
C)

12
C reactions at PLF 

and their FR-DWIA analyses clearly 

indicate a preference of 
16

O-
8
Be cluster structure of 

24
Mg ground state. 

 
  The measured ratio, R(E), of the elastic 

scattering cross section and Rutherford cross-

section 

 
Comparison of Theory and Experiment energy 

sharing distribution for 
16

O(
12

C, 
12

C)
4
He Reaction 
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Role of cluster structures of 
7
Li in the dynamics of fragment capture 

 
Exclusive measurements of prompt gamma-rays 

from heavy-residues in coincidence with various 

light charged particles in the 
7
Li 

+ 198
Pt system were 

performed.  A  detailed analysis of  the measured 

yields  of  the  evaporation  residues  for  different  

excitation energies (E*) of the composite  system 

based on a new dynamical  classical  trajectory 

model  were made.  A good agreement between the 

calculations and the measured quantities suggests 

that the dominant mechanism of capture of the 

fragments with low binding energy in 
7
Li (t and ) 

is breakup followed by fusion. In case of capture 

involving strongly bound 
5
He+d and 

6
He+p clusters 

in 
7
Li, the evaporation residues are more neutron 

rich, suggesting the mechanism to be massive 

transfer. This information can be useful for 

studying the nuclear structure of the nuclei 

populated through the capture of 
5,6

He and t by the 

target using a 
7
Li beam. 

 

 

Nuclear Structure 

 
Gamma-ray emission from excited states in rotating nuclei continues to uncover wide range 

of phenomena manifested by the structure of the atomic nucleus and nucleon-nucleon 

correlations. Experiments have been carried out in our laboratory to study the shell model 

excitations as well as different novel excitation modes of nuclei across the nuclear landscape. 
 

Investigation of shell-model excitation up to high spin near 
90

Zr 
 

  The high spin states of nuclei near shell closure 

provide the perfect test bench for the shell-model 

interactions due to the limited availability of valence 

space for the nucleons. The recent success in 

producing nuclei close to 
100

Sn and 
78

Ni necessitates 

optimizing a universal interaction involving all four 

active orbitals p3/2, f5/2, p1/2, and g9/2 to understand 

the evolution of the nuclear orbitals away from the 

line of stability. Interactions involving the above fpg 

model space have recently been developed. Two 

such interactions are JUN45 and jj44b respectively. 

High spin states of nuclei near 
90

Zr, with Z=40 sub-

shell closure and the N=50 major shell gap have 

been measured using fusion evaporation reaction for 

comparison with the shell model calculations. The 

comparison indicates reasonable agreement but, also 

 
 The -ray transitions from the 

residues populated from capture of 
5
He and 

6
He by 

198
Pt using a 

7
Li 

beam. 

 
 

Different model spaces for the shell 

model in nuclear landscape. Orange 

(Green) marks regions indicate the 

presence(absence) of successful 

universal interactions 
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shows the scope for further improvement in the shell model interactions in this region. 

 

 

Structure of degenerate dipole bands in 
108

Ag 
 

 In the selected regions of the nuclear 

chart, there have been observations of 

degenerate ΔI=1 bands. Such twin bands 

hint at the possible presence of 

spontaneous chiral symmetry breaking in 

the angular momentum space owing to the 

triaxial shape for nuclei.  A similar pair of 

nearly degenerate, negative parity dipole 

bands has been established in 
108

Ag. The 

microscopic triaxial projected shell model 

(TPSM) calculation reproduced the 

excitation energies and transition strength 

ratios for the two bands. This is the first 

example where a pair of degenerate dipole 

bands have been explained with chiral 

geometry in the angular momentum space, 

but based on different quasi-particle states.  

 
 

 

 

Gamma softness in 
134

Cs 

 
The systematic study of the high-spin states on top of the unique-parity h11/2h11/2 

configuration in the odd-odd Cs (Z = 55) nuclei has been extended to the neutron rich isotope 

134
Cs, produced by fusion evaporation reactions. The band-like structure, observed for the 

 

 
Degenerate bands in 

108
Ag 

 

 

Level scheme of 
134

Cs Energy level surface of 
134

Cs 
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first time in this nucleus, built on the h11/2h11/2 configuration  indicates a possible 

transition from an aplanar configuration for neutron number N < 79 to a planar configuration 

for N ≥ 79 while approaching N = 82 shell closure. The tilted axis cranking (TAC) 

calculations qualitatively reproduces this structural change and it was interpreted in terms of 

change in potential energy (ETRS) towards more γ-softness and lesser quadrupole deformation 

in 
134

Cs, compared to the lighter isotopes as suggested from the total routhian surface (TRS) 

calculations.  

 

Evidence of multiple antimagnetic rotation bands 

The phenomenon of “antimagnetic rotation” (AMR) (nomenclature in analogy to the anti-

ferromagnetism in condensed matter physics) occur in nuclei when the neutron-proton 

configuration is such that the angular momentum vectors, 
1 2
,j j   of two valence proton holes 

are anti-aligned and nearly perpendicular to the orientation of the total spin J of the 

neutrons. High spin states are obtained by the gradual alignment of 
1 2
,j j  towards J  and 

linked by weak E2 transitions with decreasing B(E2) transition rates. Before this work, single 

AMR bands were reported in 
105,106,108,110

Cd. When the neutron vector is not completely 

aligned along the rotation axis, so that the Rπ symmetry breaks slightly, one can observe 

multiple AMR bands with a weak linking between them. The experimentally obtained B(E2) 

values for a pair of positive-parity I = 2 bands of 
107

Cd were found to decrease significantly 

with increasing spin with the 
(2)

 remaining nearly constant. These findings, interpreted by 

the semiclassical model (SCM) calculations, confirm these bands to be AMR bands resulting 

from the coupling of (g9/2)
-2

 with [g7/2(h11/2)
2
]. The work gives the first evidence of 

existence of more than one AMR band in a nucleus. 

 

 

 

 

 

Angular momentum coupling scheme for 

AMR 

Variation fo B(E2) and moment of inertia with 

spin for 
107

Cd 
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 Forming neutron rich nuclei through fusion evaporation reaction 

 The fusion evaporation reaction populates high spin states in the neutron rich nuclei 
34

P 

(N~20) in the vicinity of the island of inversion with yields significantly higher than those 

using the transfer reaction (as shown above). The polarization measurements, made possible 

by the INGA Clover Array, 

indicates a mixing for the 

lowest negative parity 

intruder state (J

 = 4


), due 

to excitation of neutron 

across the N = 20 shell. It 

brought out the importance 

of using appropriate 

residual interactions and 

highlighted the significance 

of the many body co-

relations across the sd-pf 

shell gap and avoided any adhoc changes of the single particle energies attempted in all 

earlier works. The results regarding the admixture for the state is consistent with a later 

measurement of the lifetime for the J
p
 = 4

 
 level. 

Evolution of octupole collectivity in 
221

Th 
 

Reflection-asymmetric alternating parity 

structures were studied in 
221

Th. The data 

revealed a dynamic variation of both 

octupole and quadrupole collectivity with 

increasing spins. The non-yrast, octupole 

structure identified does not constitute a 

parity doublet with the yrast states. This 

study provides substantial insight into 

phenomena responsible for octupole 

deformed shapes in nuclei. 

 
 
 

 

Non-collective aligned and anti-aligned states in 
122

I 

 
Microscopically, a maximally-aligned state represents a condition where the spin vectors of 

all valence nucleons are quantized along the rotation axis. In contrast, an anti-aligned state is 

formed when the spin vector of one or more particle is quantized in a direction opposite to the 

rotation axis. The coupling scheme of these states is rather simple, and they provide valuable 

information on nuclear structure and excitation modes. These states are one of the purest 

examples of unperturbed single-particle (sp) motion, thereby, offering an excellent 

playground for testing and constraining various aspects of the effective NN interaction. 

Moreover, they are possible candidates for high-spin isomers located along the yrast lines 

associated with non-collective rotation. In a recent spectroscopy study of high-spin states in 

doubly-odd nucleus 
122

I, non-collective oblate states, which are energetically favored with 

 

-ray spectra showing the transitions of 
34

P  

 

Variation of intrinsic dipole moment with spin. 
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respect to a rotating liquid drop reference, have been identified at spin I ~ 30 ħ. Cranked 

Nilsson Strutinsky (CNS) calculations suggest that these states are maximally aligned states, 

formed by aligning all the valence particles above 
114

Sn core, along a common axis. In 

addition, favored non-collective states where one neutron is anti-aligned have also been 

identified at I= 21
-
 and 22

+
. 

 

  
Schematic of aligned and anti-aligned 

phenomena 

Energy relative to liquid drop energy as a 

function of spin 

 

 

Experimental study of upper sd shell nuclei and evolution of sd−fp 

shell gap 
 

The intruder orbitals from the fp shell play important role in the structure of nuclei around the 

line of stability in the upper sd shell. Experimentally, 
35

Cl, 
30

P, 
36

Cl, 
37

Ar and 
34

Cl isotopes 

have been studied in this mass region using various campaigns of the Indian National Gamma 

Array setup at TIFR. The experimental data on energy spectra and lifetimes of excited levels 

have been compared and combined with the large-scale shell model results to interpret the 

structure of these nuclei. Results have indicated the need for change of the sd-fp energy gap 

for reliable reproduction of negative parity and high spin positive parity states. Population of 

states of large deformation has been found in the measured data. This gives the opportunity to 

investigate the interplay of single particle and collective degrees of freedom in this mass 

region. 

 

Probing hot rotating nuclei with GDR 
 

The study of the collective giant dipole resonance (GDR) in hot rotating nuclei addresses the 

evolution of nuclear properties with angular momentum (J) and temperature (T). The 

experimental method is to measure J-gated high-energy γ-ray spectra, arising from the GDR 

decay, in heavy ion fusion reactions at various bombarding energies. This is done by making 

measurements in coincidence with evaporation residues (ER) and low-energy γ-ray 

multiplicity (Mγ).   

 

Jacobi shape transition 

 
     An interesting prediction on the effect of J is the Jacobi shape transition in light and 

medium mass nuclei. The transition signifies a drastic change from a mild oblate shape to a 

highly deformed triaxial (almost prolate) shape beyond a critical J. 
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     The present work addresses both the 

appearance of this transition at high J and its 

absence at low J, thus putting the hypothesis 

on a firmer footing. The experiment was 

done with 
19

F beams at 75 and 125 MeV 

bombarding an aluminium target. High 

energy γ-rays (5-30 MeV) were detected in 

a 7-element BaF2 array, the ERs in an 

annular PPAC and the Mγ in a 38-element 

BGO array. The figure shows fold (F)-gated 

γ-ray spectra in a linearised form and the 

corresponding JCN ranges populated at two 

energies. At 125 MeV, the spectrum shows 

a prominent low-energy component which is 

absent at 75 MeV. The JCN populated at 75 

MeV being mostly below the critical value 

(~30 ћ) and that at 125 MeV being much beyond, the results, for the first time, firmly 

establish the occurrence of the Jacobi shape transition beyond a critical J.   

 

T and J dependence of GDR 
 

The increase of the GDR width 

with both T and J is a well-

established experimental fact. A 

precise theoretical explanation of 

the damping of the collective mode, 

however, is yet to be accomplished. 

The increase in deformation at high 

J along with an increased 

fluctuation in the deformed shape 

at higher T increased fluctuation in 

the deformed shape at higher T 

(thermal shape fluctuation model –

TSFM) is coined as the “standard” 

model for the GDR width. However, the contribution from the intrinsic damping due to two-

body collisions (collisional damping) should manifest itself as a departure from the prediction 

of the TSFM. For the GDR measurements performed with the 
28

Si beam at 150 and 185 MeV 

bombarding an enriched 
124

Sn target, the GDR widths were obtained from a statistical model 

analysis at various F-windows. The extracted T and J dependence of the GDR width (see 

figure) deviates from the TSFM and establishes the contribution from both thermal 

fluctuation and intrinsic collisional damping. 

 

Shape-phase transition in 
192

Pt and 
196

Hg 

 
The primary physics goals have been exclusive measurements of GDR gamma rays to study 

structural evolution at finite excitation energy.  As part of the GDR decay studies, detailed 

measurements have been carried out to look for shape-phase transitions in excited 
192

Pt, and 
196

Hg nuclei.  Definite signatures of shape-phase transitions have been observed for both 

these nuclei. 

 

Linearised F-gated  spectra and JCN 

distributions in 
19

F+
27

Al reaction 

 
 T and J dependence of GDR width extracted from 

gamma spectra in 
28

Si+
124

Sn (dashed lines) reaction. 

Full lines are TSFM predictions 
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Understanding fission dynamics and its application 

 
The fission of atomic nuclei is one of the most fascinating phenomena in nuclear physics and 

can be understood by considering the nucleus as a charged liquid drop. Modern research 

shows that a fissioning nucleus behaves more like a drop of honey rather than drop of water. 

At present research activities are mainly focused on studying the dynamics of the fission 

process, angular and mass distributions of the fission fragments, and the shell effects on the 

fission barrier. Fission studies have important applications in energy production. 

 

Fission dynamics using near-scission emission as a probe 

 
The alpha particle emission near the neck region (ternary fission) in heavy-ion fission has 

been debated in terms of emission mechanism, 

whether it is a statistical or dynamical in 

nature.  Charged particle accompanied fission 

has been investigated in several heavy-ion 

induced fission experiments at Pelletron 

facility and the results on the ternary emission 

of alpha particles were compared with the 

spontaneous and neutron induced fission. It is 

seen that fraction of αnse  is nearly same 

at  around 10%  of the total pre-scission 

multiplicity over a wide range of  Z
2
/A and 

excitation energy (as in Fig),  indicating that 

the near-scission emission of alpha particles is 

statistical in nature for heavy-ion induced 

fission, whereas, it is purely a dynamical for 

spontaneous and neutron induced fission. 

Thus, the neck collapse is faster in low energy 

or spontaneous fission and at higher 

excitation energy it is a slow process. These 

results indicate that the nuclear collective 

motion exhibits a change over from super fluid to viscous behavior with increasing excitation 

energy. 
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Fission time scales from pre-scission multiplicities and evaporation residue 

cross-sections 

 
The number of neutrons and charged particles emitted prior to fission can be used as an 

indicator to know fission time scale. For this purpose the pre-scission neutron, proton, alpha 

particle, high energy gamma-ray multiplicities and evaporation residues in the 
28

Si+
175

Lu 

system were measured simultaneously. The data were analysed using deformation dependent 

particle transmission coefficients, binding energies and level densities to extract fission time 

scales and mean deformation of the saddle to scission emitter. The neutron, charged particle, 

gamma ray and ER data could be explained consistently.  

 
  Time scale at different stages of fissioning nucleus 

 

Shell effects in Bf and Ieff from Fission fragment angular distribution 

 
The study of nuclear fission continues to be an exciting field of research. An accurate 

knowledge of fission barrier and saddle point shape is missing. In order to study the fission 

barrier and saddle shapes in nuclei around the Z=82, N=126 shell closure, measurements of 

fission fragment angular distributions, 

evaporation residue cross-sections and pre-

fission neutron multiplicities for several systems 

using heavy-ion beams have been carried out. 

Statistical model analysis  of the present data 

along with the data from light ion induced 

reaction have been carried out to extract more 

accurate information about fission barrier and 

saddle point shape. 

 

 

 

Surrogate reactions 

 
Surrogate methods have emerged as an effective means of indirectly measuring neutron-

induced fission cross sections on unstable nuclei, particularly minor actinides, which are 

relevant to fast breeder reactors. Recently a new ‘‘hybrid surrogate ratio method’’ has been 

employed to determine the 
233

Pa(n, f)  cross-section, of interest in Th-U fuel cycle for fast 

neutrons, for the first time. The uniqueness of the above method is that the desired and the 

reference compound systems are formed in-situ in the same experiment with an overlapping 

excitation energy spectrum. More recently, using this method 
241

Pu(n,f) cross section in the 

equivalent neutron energy range 11.0 MeV to 18.0 MeV has been estimated using 
238

U(
6
Li,d)

242
Pu and 

232
Th(

6
Li,d)

236
U transfer reactions. The experimental results on 

241
Pu(n,f) cross sections by this method compare well with direct measurements reported in 

literature. 

 
  Fission barrier with shell correction 
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Nuclear Level Density 
 
  The nuclear level density (NLD) is a fundamental property of the nuclei. It is defined as the 

number of nuclear energy levels per unit excitation energy (E*), and increases rapidly with 

E*. The NLD is a crucial input in statistical model calculations of compound nuclear decay. 

It is also required in the study of fission hindrance in heavy nuclei, the giant dipole resonance 

built on excited states, the yields of evaporation residues in fusion evaporation reactions, 

production of heavy elements in stellar processes etc. Due to the liquid drop like properties of 

the nucleus, the NLD is expected to have a smooth behavior with respect to the mass (A) and 

atomic number (Z). However this behaviour is modified by the excitation energy dependent 

nuclear shell effect. Deformed nuclei are found to have a larger NLD compared to their 

spherical counterparts.  In our lab we have studies these various aspects of NLD. 

 

Damping of the nuclear shell effect in the doubly closed shell nucleus      
208

Pb region 

 
 The nuclear level density makes a transition from the shell-dominated regime at low 

excitation energy to that of a classical liquid drop at high excitation. The damping of the 
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nuclear shell effect with excitation energy has been measured through an analysis of the 

neutron spectra following the triton transfer in the 
7
Li induced reaction on 

205
Tl. The measured 

neutron spectra demonstrate the expected large shell correction energy for the nuclei in the 

vicinity of doubly magic 
208

Pb and a small value around 
184

W.  A quantitative extraction of the 

allowed values of the damping parameter (γ), along with those for the asymptotic nuclear level 

density parameter (a=A/a), has been made for the first time.  

 
 

   The spin dependence of the nuclear level density parameter has been extensively 

investigated around the shell closure Z=50 and in the mid-shell region of the Z=70 by 

measuring the alpha particle energy spectrum in coincidence with the gamma ray 

multiplicity. In the shell closure region, a strong dependence of level density parameter on 

spin has been observed, whereas in the mid shell region Z=70, the level density parameter is 

observed to be insensitive to the spin. 
 

Compound nuclear origin of broad structures in -multiplicity gated 

proton spectra in 
12

C+
93

Nb system 
 

In a series of -ray 

multiplicity gated 

measurements in the 
12

C+
93

Nb reaction at 

E(
12

C) = 40-45 MeV, 

broad structures were 

seen on monotonically 

falling proton spectra 

at the higher 

multiplicities. The 

spectra could be 

explained assuming the 

statistical decay of the 

compound nucleus 

(CN), but with the 

nuclear level density 

(NLD) modulated by 

an empirical, excitation energy and angular momentum dependent enhancement factor. 

However, a massive transfer reaction could also possibly explain the observations. Two 

additional measurements were carried out which strongly favour the former mechanism. 

These are (1) p- spectra measured in two entrance channels, 
12

C+
93

Nb and 
16

O+
89

Y 

populating the same CN 
105

Ag, showing similar structures and (2) fore-aft symmetry (within 

20%) measured at angles CM  9035 in the former reaction. The apparent enhancement 

of the NLD could arise from collective effects or could be a manifestation of the pairing 

reentrance phenomenon.  

 

 

 

 

 

 
 

-multiplicity gated p-spectra for 

 two entrance channels 

p-spectra at forward and 

backward angles 
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Heavy fragment emission and incomplete fusion studies 

  
  The emission of heavy fragments in compound nuclear decay as well as in incomplete 

fusion reaction have been studied to understand the reaction mechanism in heavy ion reaction 

at energies in the range of 5 to 10 MeV per nucleon. 
 

 

Nuclear temperature anomalies 
 

Temperature is a basic characteristic of any equilibrated nuclear system. The statistical 

emission of nuclear fragments from hot compound nuclei provides information about the 

temperatures of the residual nuclei. It was known that the temperatures obtained from the 

study of light particles such as neutron, proton or alpha particle agree well with the 

predictions of the statistical theories. The measured spectra of heavier fragments (lithium, 

beryllium, boron, carbon) from very hot compound nuclei formed in nuclear reactions 

induced by oxygen, carbon and helium isotopes on various target nuclei show that the 

extracted temperatures are significantly higher than those expected from the statistical 

theories. These results cannot be understood within the statistical model and could point to 

the need for examining the phenomenon from a deeper quantum mechanical perspective.  

 

Complex-fragment emission in low-energy light-ion reactions 
 

The origin of the complex fragment emission may be broadly classified into two major 

categories i.e., fusion-fission (FF) and non-fusion (deep inelastic, quasi elastic, breakup, etc.) 

processes. In addition, nuclear orbiting has been shown to contribute significantly to the 

fragment yield in many reactions involving light α-cluster nuclei. The experiments aim to   

investigate the competition between FF, deep inelastic (DI) and orbiting processes in 

fragment emission from -cluster and non-alpha cluster nuclei. Inclusive energy spectra of 

the complex fragments (3 ≤ Z ≤ 5) emitted from the α-cluster system (
40

Ca
*
) produced in 

12
C 

(77MeV) + 
28

Si reaction, as well as those from the neighbouring non α-cluster system 
39

K* 

produced at the same excitation energy (~67 MeV) via two different reaction channels [
11

B 

(64MeV) + 
28

Si and 
12

C (73MeV) + 
27

Al] have been measured. It has been found that the 

yields of the fully energy-damped fragments for all the above reactions are in agreement with 

the statistical model predictions. The time scales and the angular momentum dissipation 

factors for DI fragment emission in these reactions have also been studied and the angular 

momentum dissipation factors have been found to be close to the corresponding sticking limit 

value. 

 

Incomplete fusion 
 

 In the area of incomplete fusion, measurement of beam energy dependence of cross sections 

of projectile like fragments in 
19

F+
89

Y, 
66

Zn reactions showed a rapid fall in the cross sections 

of lighter projectile like fragments (PLFs) with decreasing beam energy close to the entrance 

channel Coulomb barrier. This observation was attributed to the larger overlap of the 

projectile and target nuclei in massive transfer or incomplete fusion reactions. The sum-rule 

model was modified to allow contribution to incomplete fusion from l-waves below lcrit for 

complete fusion. The modified sum-rule model could explain the PLF cross sections at lower 

beam energies ~5 MeV/nucleon. A comparison of the evaporation residue and PLF cross  
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 sections in 
19

F+
159

Tb reaction 

showed that incomplete fusion 

constitutes a substantial 

fraction of the inclusive PLF 

cross section. In the area of 

nuclear fission, measurements 

on fission fragment angular 

distribution were carried out in 
28

Si+
176

Yb to investigate the 

contribution from non-

compound nucleus fission. 

These studies showed that the 

contribution from non-

compound processes is not 

very significant as reflected in 

the fission fragment angular 

distribution.  

 

Influence of low breakup threshold on fusion and peripheral 

reactions 
 
In heavy ion fusion studies with stable nuclei, the 

important observations made in the last few decades are 

the discovery of sub-barrier fusion enhancement and their 

theoretical description in terms of the couplings to the 

intrinsic excitations and nucleon transfer of the 

participating nuclei. The presence of low-lying 

continuum, short-lived resonance states and low nucleon(s) separation energies in the case of 

weakly bound nuclei, led to the expectation that breakup of the projectile would be a 

dominant channel to influence the reaction dynamics specially on fusion and elastic 

scattering. Study of projectile breakup, transfer - breakup, incomplete fusion and recent 

observation of fusion hindrance are the topics of current interest with weakly bound nuclei. 

These topics have been addressed using the weakly bound 
6,7

Li and 
9
Be projectiles. 

 

Exploring fusion at extreme sub barrier energies 

 
Recent measurements with medium-heavy nuclei highlighted phenomenon of fusion 

hindrance, observed as a steep change of slope in fusion excitation function with respect to 

the coupled channels calculation at deep sub-barrier energies. It was also pointed out that the 

cross-sections at these low energies depend on the shape of the inner part of the inter-nuclear 

potential. In a recent experiment at the PLF the fusion cross-section for the 
6
Li+

198
Pt system, 

using a sensitive technique involving KX-ray - -ray coincidences, has been measured down 

to nano-barns. The measurements covered an energy range below the threshold energy (VT) 

for observing the fusion hindrance. This study showed the absence of fusion hindrance in 

contrast to earlier observations with stable beams. The present results suggest that the inner 

part of the interaction potential becomes deeper, going from a symmetric to a weakly bound 

asymmetric system due to the adiabatic nature of the collision at low energies.   

 

 
Comparison of PLF cross sections with sum-rule (dashed 

line) and modified sum-rule (dotted lines). calculations, 

respectively 
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  Inter-nuclear potentials for 
6
Li + 

198
Pt. 

Eexpt  is lowest center of mass energy  

where the fusion cross sections were 

measured 

Fusion excitation function for 
6
Li 

+ 
198

Pt 

 

Suppression of complete fusion at energies above the barrier 
. 

Complete fusion cross sections measured for several reactions involving weakly bound stable 

projectiles like 
6,7

Li and 
9
Be with medium to heavy mass targets (e.g. 

89
Y, 

124
Sn, 

144,152
Sm, 

159
Tb, 

197
Au) are found to be suppressed at above barrier energies.  This is in comparison with 

the coupled channel calculations for these systems as well as the cross sections in the 

reactions involving tightly bound projectiles forming similar compound nuclei. The 

suppression factor was found to decrease 

with the increase of the alpha breakup 

threshold of the projectiles. 

Measurements for 
6,7

Li+
152

Sm revealed 

that the effect of the target ground state 

deformation does not get diluted in 

presence of projectile breakup unlike the 

case of 
6,7

Li+
208

Pb reaction where the 

effect of the excited state deformation in 
208

Pb is known to be negligible.  

 
 

In case of a lighter target viz. 
6,7

Li+
28

Si, 

the fusion excitation function is found to 

be consistent with the one-dimensional 

Barrier Penetration Model (BPM) 

prediction up to twice the Coulomb 

barrier energy while overestimating the 

data, by about 15–20%, at higher energies for both the systems. 
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Dipole polarizability of 
7
Li from precision elastic scattering measurement 

 
 The elastic scattering of 

7
Li off 

208
Pb arises from the combined effect of the Coulomb and 

nuclear potentials. However there is a small, but measurable, effect of a dipole polarizability 

of 
7
Li due to the presence of a strong electric 

field of the 
208

Pb nucleus. For strongly bound 

nuclei, the effect of dipole polarizability is 

usually negligible. In case of weakly bound 

nuclei, where the dipole strength extends to low 

excitation energies, this effect is expected to be 

non-negligible. Towards this goal a high 

precision elastic scattering measurement of 
7
Li 

on 
208

Pb was performed over a range of 

energies from Elab = 18–28 MeV (VCoul ≈ 30 

MeV). Continuum discretized coupled channel 

(CDCC) calculations have been performed to 

describe the measured elastic scattering data, as 

shown in the figure, and the value of dipole 

polarizability has been deduced. This value is in agreement with the prediction from cluster 

model for 
7
Li. 

 

 

Elastic scattering: Energy dependence of optical potential 
 

 The energy dependence of the surface strengths of the interaction potential components was 

extracted for 
6,7

Li + 
58

Ni systems. It was found that the in the case of 
6
Li, relatively weaker in 

binding compared to 
7
Li, the energy dependence is controlled by the breakup like reaction 

processes around the Coulomb barrier energies. However, in the case of 
7
Li the energy 

dependence around the barrier is similar to the behavior observed for heavy targets and is 

similar to the behavior displayed by strongly bound systems. The dispersive connection 

between the energy dependence of real and imaginary components of the interaction potential 

was also investigated.  

 

  The elastic scattering data 
6
Li+

209
Bi system was analysed for a simultaneous explanation of 

all possible measured channels (i.e., elastic, inelastic, transfer and breakup channels) through 

a common coupled-channels calculation. This enabled an understanding of the energy 

dependence of the real and imaginary parts of the optical model potential. 

 

Resonant breakup in 
6
Li+

209
Bi reaction 

 
Projectile breakup fragments (alpha and d) are measured in coincidence using Si surface 

barrier detector telescopes. Sequential breakup, via the resonant state (3
+
, 2.18 MeV) of 

6
Li in 

the continuum is found to dominate the total α + d breakup. Two sequential breakup peaks in 

α or d spectra were seen to be anisotropic. The reason for the anisotropy could be due to the 

strong polarization of the clustered 
6
Li in the target field. Another possible factor is the 

reorientation effect due to the static quadrupole moment of the 3+ state. Since the 3+ state 

corresponds to l = 2 (d-state), emission of α and d in the rest frame of 
6
Li would not be 

isotropic.  

 

 
Ratio of elastic to Rutherford cross-

section 
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Nuclear Data Measurements using BARC-TIFR Pelletron Facility 

 
The 

7
Li(p, n)

7
Be reaction was used to 

provide quasi-monoenergetic for 

measurement of fast neutron cross 

sections of interest to the nuclear data 

community. Following the neutron 

irradiation of the target of interest the 

activity was measured off-line using a 

high purity germanium (HPGe) detector. 

Neutron-induced reaction cross sections 

for the reaction 
232

Th(n, γ) 
233

Th and 
232

Th(n, 2n)
231

Th  have thus been 

measured in the neutron energy range of 

1 to 4 MeV and for the reactions 
98

Mo(n, 

γ) 
99

Mo, 
186

W(n, γ) 
187

W, 
115

In(n, γ) 
116m1

In, and 
92

Mo(n, p)
92m

Nb at single 

energy (3.26±0.03 MeV). Calculations 

using the statistical model code EMPIRE-II show good agreement with the present data along 

with the existing data by suitable adjustment of the level density parameter for all the 

systems. The experimental and theoretical results have been compared with the recent 

evaluations of ENDF/B-VII.0, JENDL-4.0, and JEFF-3.1. A typical result from these 

measurements is shown in the figure.  

  Using the same method, neutron induced reactions such as (n,γ), (n,p) and (n,2n) reactions 

of structural materials (
nat

Zr, 
nat

Fe, 
nat

Ni)  and actinides  (
232

Th,
238

U) have been  determined. 

Fission product yields in the proton and quasi mono-energetic neutron induced fission of 
232

Th and 
238

U have also been measured.          
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Condensed matter physics using nuclear probes 
 

Application of heavy ion accelerator to study problems in condensed matter physics started 

right from the inception of the Pelletron facility in 1988. Nuclear probes produced by heavy 

ion induced nuclear reactions combined with hyperfine techniques like time differential 

perturbed angular correlation/distribution (TDPAC/TDPAD) are employed to study solid 

state phenomenon at short length and time scales. The former technique (TDPAC) is utilized 

for off-line measurements of hyperfine interactions of radioactive probes post their 

production via heavy-ion reactions.  

 

Local probes studies in nano-materials 

 
More recently, we have exploited the TDPAD technique to study electron correlation and 

magnetism in nano-materials. A few note worthy observations are, (i) Emergence of local 

moment for single Fe atoms in nano-crystalline Nb and (ii) Evidence on size induced 4f 

localization in correlated electron system CePd3.    

The size effects have been observed for Fe in nano-crystalline Nb. Compared to the well 

known nonmagnetic behaviour of Fe in bulk Nb, the magnetic response of Fe, reflected by 

the local susceptibility and spin relaxation rate of 
54

Fe probe nuclei, show marked increase in 

nano-sized Nb below a critical size of 11 nm. These observations combined with state of the 

art density functional calculations establish that reduction of crystal size in Nb causes 

enhanced local density of states for the Fe impurity leading to fulfilment of Stoner criterion 

for moment formation below 11 nm. 
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(a) Local susceptibility (\beta) and 

(b) nuclear relaxation time () of 54Fe 

 in nano - Nb. 

Local density of states of Fe in 

unpolarized (left panel) and 

spin polarized (right panel) nano-Nb. 

   

Effects of crystal size on local magnetism has also been seen for the strongly correlated 

electron system CePd3, which in bulk form is known to be Kondo system with highly 

unstable 4f moment on Ce atoms. Through TDPAC measurements of hyperfine field for 
111

Cd populated during the electron capture decay of 
111

In produced via the nuclear reaction 
108

Pd(7Li, 4n)
111

In and supplementary macroscopic magnetization studies we have found 

conclusive evidence for size induced 4f localization in nano-sized CePd3. The effects 

reflected through the temperature dependence of the Knight shift derived from the spin 

precession frequency of 
111

Cd nuclear spin (I=5/2) in external magnetic field (see figures 

below) show enhanced magnetic response as the particle size is reduced below 60 nm.  
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Atomic and molecular Physics 

 
Interference in a molecular double slit 

 

 Accelerator based atomic collision physics program in TIFR has made major contributions in 

the inter-disciplinary areas of molecules, clusters and solids. The first direct and fully 

experimental proof of electron interference using homonuclear diatomic molecule (H2) as a 

double-slit and a coherent source of electron emission was provided. The Young type 

electron interference effect in fast-ion induced ionization of H2 was unearthed by observing 

oscillations in ejected electron spectra. The elegant idea of using forward-backward angular 

asymmetry in electron emission to study interference in a self-normalized fashion has led to a 

new series of studies. The recent observation of a double frequency component has been 

modeled in terms of a second order scattering mechanism. In case of a multi-electron 

diatomic molecule the existence of such oscillation has been debated. Our recent studies 

using O2 molecule does not revealed appreciable oscillation due to cancellation of 

contributions from different molecular orbitals, as predicted by ab initio theoretical models. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Collective giant diploe plasmon excitation C60 
 

The influence of collective excitation in fullerenes on electron capture processes in fast-ion 

collisions provided unique evidence of the wake field induced stark mixing of excited states. 

The influence of plasmon excitations on single and double ionization of C60 has been explored 

using projectile charge-state as a probe. Finally, direct evidence of plasmon-resonances in 

Asymmetry-Parameter for H2 Asymmetry-Parameter for O2 
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fullerene has recently been unearthed via the detection of characteristic “plasmon-electrons” in 

low energy electron spectroscopy. The angular distribution in the giant dipole peak region 

shows opposite behavior to that observed in ion-atom collisions and could indicate the 

transverse alignment of the dipole moment.  
 

 

 

 

 

 

 

 

 

 

 

 

 

Collision with bio-molecules 
 

An investigation on the ionization and fragmentation of the RNA base molecule e.g. Uracil 

by fast (MeV energy) C, O, F ions has been performed in order to provide absolute cross 

sections in the Bragg peak region which will be useful as an input for radiation damage 

modeling in case of hadron induced cancer therapy.   We have observed a deviation from the 

well known q
2 

(q=charge-state) dependence of the ionization cross section. A combination of 

Pelletron accelerator based data and that from keV energy ions using the ECR-based 

accelerator at TIFR allowed us to provide the first study of absolute ionization cross sections 

of bio-molecules over a wide energy range (keV-MeV). The clear deviation of the best 

known ab-initio models is found and they overestimate the data by a factor of 2 to 3 even in 

highest energy region. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electron spectroscopy with bio-molecules 

 
 Absolute double differential cross sections (DDCS) have been measured for emission energy 

between 1 to 600 eV, for electrons ejected from Uracil molecules from an effusive jet, under 

impact of bare carbon ions. The angular distributions are compared to those obtained for O2. 

The single differential cross sections (SDCS) are also deduced. The energy and angular 

distributions of the DDCS and SDCS are compared with the state-of-the-art quantum-

Typical ToF spectra of Uracil Absolute TCS of Uracil 

Typical ToF spectra of C60 q-dependence and Plasmon model of C60
1+ 
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mechanical models based on CDW-EIS and CB1 approximations which use a suitable 

molecular wave function for uracil. The models, however, give substantial deviations from 

the observed energy and angular distributions of the DDCS. A large difference in the 

forward-backward emission of electrons was observed in comparison to that in collisions 

with an oxygen molecule. This unusually large forward emission cannot be modeled by 

typical ion-atom collision theories and a many body or size effect must be included. 

 

Collision with water molecules 
 

 It is well known that the total amount of water in a human body of average weight is 57% of 

the total body weight. Collisions of highly charged ions (HCIs) with water molecules are of 

direct interest in radiation therapy. Precise measurements of the intensity and distribution of 

the emitted electrons are especially important in the region of the Bragg peak. We have 

measured the double differential cross-sections (DDCS) of electron emission from water 

molecules under impact of fast (velocity 11-13.5 a.u.), bare oxygen ions. The obtained data 

have been found to agree qualitatively with the CDW-EIS model over a wide energy range of 

emission energies. The total cross-sections (TCS) have been found to follow a quadratic 

dependence on the projectile charge state. Such scaling along with absolute measurements of 

DDCS and TCS, can be useful for understanding the radiation damage induced by heavy ions 

in cancer therapy. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

High Resolution X-ray spectroscopy of He-like ions: Doubly excited states 
 

 The study of doubly excited states of He has been a fundamental topic of research for many 

decades. In particular, it has been the subject of several recent experimental and theoretical 

studies. Accurate experimental determination of such transitions goes hand in hand with the 

precise theoretical calculations which include several relativistic and QED effects, and many 

times can reach the same level of accuracy. We performed an accurate experimental 

determination of the 2p3d(
1
P1

O
) → 1s3d(

1
D1

e
) X-ray line emitted from He-like Si, S and Cl 

projectile ions, excited in collisions with thin carbon foils, using a high-resolution bent-

crystal spectrometer. This line was not expected on the basis of the selection rules, as a 

consequence of which auto-ionization was the dominant mode of decay. However, very 

recent work has provided a new set of selection rules. This predicts the existence of such a 

radiative decay which has now been observed in this work and this is in excellent agreement 

with the fully relativistic model prediction. 

 

 

Energy and angular distribution of H2O DDCS. 
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8. Application based research 

 
Accelerator Mass Spectrometry 

The AMS programme at the PLF has been established with major emphasis on the 

determination of 
36

Cl concentration in environment in general and water samples in 

particular. An indigenously developed segmented anode gas ionization chamber followed by 

a Silicon surface barrier detector has been employed for the identification and quantification 

of 
36

Cl particles.  This programme has been extended to another environmentally important 

isotope 
129

I and preliminary measurements exhibit encouraging results.  

 

  

Photograph of AMS 

measurement set up 

Particle identification spectrum 

 

 

Identification of Polyatomic Anions using AMS technique 

Detailed systematic investigations have successfully established the feasibility of 

pursuing the identification of exotic polyatomic negative ions using Accelerator Mass 

Spectrometry technique as a tool at the PLF. Mass selected super-halogen negative ion 

species MFn

 (M=metal/non-metal atom, n=1-6) are accelerated to required energy (in MeV) 

followed by collisional detachment & dissociation in high voltage terminal gas-stripper and 

the ensuing fragment ions are identified by employing a hybrid gas detector system. These 

studies are useful in extending the AMS measurements for rare earth elements across the 

periodic table. 

 

Track Etch Membranes (TEM) Production 

Heavy ions of various species and energies from PLF were used to make TEMs using 

Poly Ethylene Terephthalate (PET/ Mylar) films of 25 micron thickness. The setup for the 

large scale production of TEMs consists of a magnetic beam scanner, Horn chamber and a 

rolling mechanism. The pore density and pore sizes obtained were in the range of 10
6
-10

8
 

pores/cm
2 

and 0.8-1.6 microns, respectively. These membranes are currently being utilized 
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for applications such as separation of desirable/undesirable metals from industrial effluents 

and radio-active wastes. 

 

  
Irradiation set up Image of pores obtained by Scanning-

Electron Microscope  

 

 

Radiation safety related studies 
 

Accelerator Radiation Safety Section (ARSS), Health Physics Division (HPD) BARC is 

involved in research in the field of accelerator radiation safety. The Pelletron Accelerator 

Facility is used extensively to carry out neutron spectrometry and dosimetry experiments to 

study the dependence of the neutron yield and dose from heavy ion induced reactions on the 

Z and A of the target-projectile combination, the anisotropy in the neutron emission and the 

effect of the pre-equilibrium component. The data is used to derive semi-empirical 

formulations, shielding, activations and dosimetry calculations and also in benchmarking the 

PEANUT pre-equilibrium model implemented in the FLUKA code from the heavy ion 

therapy point of view.  

 

 

Efficient and Robust Ion Irradiated Semiconductor Crystal Based 

Photoconductive THz Emitters 
  

Electromagnetic radiation having frequencies in Tera-Hertz (THz) range (1THz = 10
12

 Hz) is 

hard to generate. But due to its applications in 

security imaging, bio-sensing, chemical 

identification, material characterization etc., 

there is high demand of high power THz 

sources. Increasing the power of THz pulse 

sources with better designs or material is one 

of the major goals of research. We 

demonstrated an efficient THz source with 

low electrical power consumption. We have 

increased the maximum THz radiation power 

emitted from semiconductor crystal based 

photoconductive emitters by two orders of 

magnitude by irradiating the semiconductor 

crystal substrate with ions to a depth of a few 

 

A typical antenna schematic is shown 
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microns. For this, we used PLF with thin metal foil in the path between the beam and sample, 

which acted as an energy degrader and also generated an energy spread. This has resulted in 

increasing maximum cut-off of the applied voltage across Photo-Conductive Emitter (PCE) 

electrodes to operate the device without thermal breakdown from ~35V to >150V. We find 

that ion-irradiated PCEs gave THz pulses with power about 100 times higher in comparison 

to the usual PCEs on semiconductor crystal and electrical to THz power conversion 

efficiency has improved by a factor of ~ 800. This improvement over the commercially 

available material after irradiation is technologically very important, especially when special 

materials are not easily available in India and also very difficult to grow.  
 

 
Production and Separation of no-carrier-added radionuclides by heavy ion 

beams 

 
The accelerator produced neutron deficient radionuclides have gained renewed interest in 

various fields of sciences and technologies. Production and separation of clinically important 

radionuclides from non-reactor source became highly relevant in today’s scenario especially 

after the post-Fukushima incident. Neutron deficient radionuclides are produced commonly 

by bombarding light and heavy projectiles on a suitable target with the help of an accelerator. 

However, the ultimate use of the product radionuclide is relevant only if it is obtained in a 

very pure form. The chemical separation of no-carrier-added radionuclide is therefore 

mandatory. We have also developed methods for separation of no-carrier-added radionuclides 

using benign chemicals and chemical pathways following the mandate of Green Chemistry. 
97

Ru is a useful radionuclide in nuclear medicine. This has been produced by the 
nat

Nb(
7
Li,3n)

97
Ru reaction and a suitable chemical separation technique was developed.  

 

Some of the other important isotopes investigated are 
94,95

Tc, 
209-211

At and 
149

Tb. These are 

important for nuclear medicine and diagnostics. Considering the effect of radiation from the 

accompanying impurity on the human body, the goal is to produce these isotopes in its purest 

form. So far, 
94

Tc and 
95
Tc isotopes have been produced by p and α-induced reactions in Mo 

and Nb targets, respectively. For the first time, we have studied 
94

Tc and 
95

Tc production 

using heavy ion induced reactions with various target and projectile combinations. We have 

measured the excitation function of 
94

Tc and 
95

Tc isotopes produced from (i) 
89

Y(
9
Be,xn)

94,95
Tc, (ii) 

nat
Zr(

7
Li,xn)

 94,95
Tc reactions. A similar optimisation with respect to 

the reaction channels has been done for the production of the astatine and terbium isotopes.  
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 Publications and Theses 

 

 
Publications in refereed journals 

 

 
 

 

A complete list of publications can be found at www.tifr.res.in\~pell.  
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