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OverviewOverview…………
The tiny, dense nucleus at the centre of an atom has a 

mysterious world enclosed within. The forces that govern 
interactions of the nucleus and its constituents are very complex. 
The primary goal of the scientific enterprise using accelerated 
heavy ion beams is to unravel the complexities of the nuclear world 
in all entirety. The nucleus with an average size of about a hundred 
billionths of a millimeter, is a versatile laboratory to study both the 
classical and quantum laws of physics. For example, the nucleus can 
be described as a charged liquid drop and also as a system of almost 
freely moving protons and neutrons. Here at our laboratory, we 
study various properties of these tiny nuclei using energetic ion 
beams produced by the accelerator. The projectile impinges on a 
target nucleus with enough energy to overcome the electrostatic 
repulsion so that the collision process is governed by the nuclear 
interactions. Using a variety of detectors and associated electronics 
we recreate the details of these interactions. Data from the 
experiments are analyzed to get a deeper understanding of the 
physics of the nucleus under various conditions.

Technology development, both to improve the quality of the 
beams of nuclei and to increase the sensitivity of the measurements, 
is a natural byproduct of the quest for knowledge at our laboratory.

The Pelletron Accelerator, set up as a collaborative project between the Bhabha Atomic 
Research Centre and the Tata Institute of Fundamental Research, has been serving as a 
major facility for heavy ion accelerator based research in India since its commissioning in 
1989. Several advanced experimental facilities have also been established at this centre to 
pursue research in nuclear, atomic, condensed matter and bio-environmental physics. While 
majority of the researchers at this facility are from BARC and TIFR, the experimental 
community encompasses scientists and students from other research centres and universities 
within and outside the country. The research work in nuclear physics, which forms the main 
thrust of activities at this facility, covers areas of nuclear structure studies at high 
temperature and angular momentum, elastic and transfer reactions as well as fusion-fission 
reactions. These past years have been scientifically stimulating and very productive. Over 
300 publications in refereed international journals, including 11 publications in Physical 
Review Letters, and 44 Ph.D. theses  have resulted from the research activities in the 
laboratory. The Pelletron accelerator is currently being augmented with a superconducting 
linear accelerator (LINAC booster) to increase the energy of the presently available beams 
to E ~ 5 –12 MeV/A. 



The source for the charged particles is located at the top of the accelerator tower. A Cesium sputter ion 
source generates negative ions, which are initially accelerated to low energies (150-250 keV) in a 
short horizontal section. These low energy negative ions are then bent through 90o using an injector 
magnet into the vertical accelerating column. In the first stage, the acceleration results from the 
electrostatic attraction of the negative ions by the positively charged high voltage terminal situated at 
the center of the column. The high electric potential at the terminal is achieved by a continuous 
transfer of charge to the terminal by means of the chain of steel pellets and hence the name Pelletron
accelerator. Inside the terminal the ions pass through a thin carbon foil or a small volume of a gas, 
where they lose electrons and acquire a high positive charge. The average charge of the ion depends 
upon the type of ion and the terminal voltage. The resulting positive ions now enter the second or high 
energy stage of acceleration where the positive voltage of the terminal acts repulsively on the positive 
ions. In this way, the final energy of the ion that has acquired a positive charge of n units will be (n 
+1)V, where V is the terminal voltage (maximum of 14 MV). For example, the final energy at the 
maximum terminal voltage for 12C6+ is 98 MeV.  Beams ranging from protons to Uranium can be 
accelerated.  In addition to continuous beams, pulsed beams of ~1 ns width separated by about 100 ns 
to 1.6 µs have also been made available by installing a double harmonic buncher in the low energy 
section.
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Nuclear Fission
One of the most fascinating phenomena in Nuclear Physics with far reaching consequences, is the 
fission of atomic nuclei. Discovered about six decades back, it paved the way for the harnessing of 
nuclear energy. From the fundamental point of view it is a beautiful illustration of Einstein’s E=mc2

formula. When a slow moving neutron strikes a heavy nucleus like Uranium it splits up into two 
fission fragments also releasing a few neutrons. The puzzling feature of this nuclear reaction is how a 
nucleus consisting of more than 200 protons and neutrons could split into two pieces with so little 
provocation. This is analogous to breaking a huge rock by a feather touch. The answer was given by
Neils Bohr in 1939, in his theory where he likened the nucleus to a charged liquid drop. While the 
Bohr-Wheeler theory touched the essence of the fission problem, modern research shows that the
fissioning nucleus behaves more like a drop of honey rather than a drop of water. These developments 
came about as the scientists began measuring fission time scales. Since the time scale is of the order of 
10-21 sec, one might be wondering how it can be measured. Nuclear physics provides its own tools and 
in this case one makes use of the ‘neutron clock’, a method in which the number of neutrons emitted 
prior to fission are counted as an indicator of how much time has passed before the fission takes place. 
These measurements, both those carried out at our laboratory and elsewhere, unequivocally 
demonstrate that fission is a slow process (about 50-100 times slower) as compared to the expected 
time scale. These measurements are indicative of the time taken for the nucleus to “re-arrange” itself 
in preparation to dividing into two smaller pieces. Experiments at our laboratory have revealed time 
scales involved in the various steps of the nuclear dynamics of the fusion-fission process.

Time scales are not all. The fission angular distribution (the direction in which the fission fragments 
move relative to that of the incoming projectile) is pretty much a blueprint of the mechanism of 
fission. The fission fragment angular distribution anomaly, the deviation of the experimental 
observations from the theoretical predictions, has been a puzzle since over a decade. Measurements at 
our laboratory showed that the gateway to formation (that is the history of how the compound nucleus 
was formed) was one of the keys in understanding this puzzle. The role of nuclear deformation and 
angular momentum on the fission time and fragment angular distributions are also topics of current 
interest under investigation at our laboratory. 

We have built position sensitive detectors, a large area deep ionisation chamber and scattering 
chambers, to detect fission fragments along with associated particles. We have studied pre-fission 
neutrons, pre-fission light charged particles, fission fragment angular distributions for the same 
compound nucleus populated through different entrance channels, fission mass distributions and mass-
gated neutron multiplicities. Radio-chemical methods have also been used in some of our studies.
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High Energy Gamma-ray spectroscopy
One of the challenging topics of research in nuclear physics is the evolution of nuclear properties as a 

function of temperature and angular momentum. Hot (excited) and rapidly rotating (high angular 
momentum) nuclei can be produced using heavy ion fusion reactions. The decay modes of the excited 
nuclei carry the signals from which the nuclear properties like the nuclear shape and the parameters of 
the fundamental vibrational modes can be deciphered. The prominent mode of decay at high excitation 
energy is via particle (proton, neutron or alpha) emission with a small branch for the gamma decay. 
However, the study of gamma decay has the advantage that the electromagnetic interaction is well 
understood and so the nuclear properties can be extracted in a cleaner way. The manifestation of one 
of the fundamental vibrational  modes  was  seen about 50  years ago in the absorption of high energy 
photons by various nuclei, known as a giant dipole resonance(GDR). In a macroscopic picture,

different axial dimensions leading to more than one component in GDR spectra. The separation 
between  theses various components and their relative strengths provide information on the shape of 
nucleus. These properties can be deduced by studying the (GDR) in excited nuclei. The width of GDR 
arises due to the dissipation of the collective vibrational energy to the uncorrelated single particle 
excitations as well as due to fluctuations in the shape of the nucleus. The dependence of the width on 
temperature and angular momentum can provide valuable information on the damping mechanism. 
The GDR properties are studied from the gamma decay of these resonances populated in heavy ion 
fusion reactions. 
The study of these GDR gamma rays (~5 to 35 MeV) needs a large efficiency multi-detector (high 
granularity) array. In our laboratory, large volume NaI(Tl) and BaF2 detector arrays (consisting of 7  
hexagonal elements) have been setup for high energy gamma ray spectroscopy. By measuring the 
number of low-energy gamma rays emitted in the reaction (multiplicity, which is roughly proportional 
to the angular momentum) in coincidence with the high energy gamma rays, it is possible to 
disentangle the effect due to the temperature and angular momentum. The multiplicity filter of 
BGO/NaI(Tl) detectors is used for this purpose.
Systematic studies have been made in different mass regions of nuclear mass number A~80 to 200. A 
general feature that has been extracted is that the nuclei become deformed, straddling different shapes 
and orientations at high angular momentum or temperature, irrespective of the ground state shapes.  In 
the A~200 region the deformation as well as the triaxiality (departure from the cylindrical symmetry) 
is seen to increase with angular momentum, whereas in the A~80 region the effect of temperature is 
relatively more important than that of the angular momentum. 
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this corresponds to the oscillation of protons and neutrons against each other. 
In a  spherical  nucleus, vibrations along  all  three axes  are identical  and 
correspond to a single resonance  frequency.  However, in deformed nuclei  
the vibration  along  each axis  will  have a different energy corresponding to 
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Nuclear Structure from discrete gamma rays
The study of discrete characteristic gamma rays emitted by de-exciting nuclei, after evaporating 
particles, provides signatures of the rich phenomena occurring in the nucleus especially at high 
angular momentum. Nuclei  can  assume a variety of  shapes that   range  from spherical to 
deformed like a football, pancake or pear,  which correspond to definite arrangement of protons and

magnetic field trying  to align the nucleons along the axis of rotation thereby breaking nucleonic 
Cooper pairs (loss of superfluidity). The properties of the excited, rapidly rotating nucleus allows us to 
understand the interplay between the microscopic (single particle nature) and macroscopic (collective 
nature) motion. Searching for these signatures is analogous to looking for a needle in a haystack and 
requires very sophisticated equipment. Depending upon how fast a nucleus is rotating, a cascade of 15 
to 30 gamma rays may be emitted in each event.  These characteristic gamma-rays are unique 
fingerprints of the nucleus and an array of large number of high resolution detectors is essential for 
identifying them as well as for understanding their correlations. A high efficiency array of Clover 
detectors, a special configuration of HpGe detectors, has been setup in our laboratory for detection of 
the gamma-rays. In addition to measuring the energy of gamma-ray transitions, the lifetime of 
corresponding levels (~10-9 to 10-14 s) are also measured. Auxiliary detectors like the neutron array,
charged particle ball (Phoswich), multiplicity detectors are developed to provide further selectivity 
and enhance the weak signals for nuclei of interest. 
For nuclei in A~80 and A ~110 region, various aspects like the changes in 
moment of inertia, nuclear shapes (shape co-existence), breaking of 
neutron or proton pairs (quasi-particle alignment), the interaction of 
unpaired particles with rest of the nucleus, changes in the symmetry 
properties of a nucleus (signature effects) have been investigated. Nuclei in 
A~80 region are particularly interesting probes for proton-neutron 
interaction, as the nucleons are moving in similar orbitals inside the 
nucleus. Another interesting phenomenon known as magnetic rotation, 
resulting from anisotropic arrangement of nucleonic currents in nearly 
spherical nuclei, has been investigated in Ce and In isotopes.

neutrons inside a nucleus. Unlike in molecules, where the energy scales 
involved in rotations or vibrations are very different from electronic 
excitations, energies associated with nucleonic excitations and collective 
motion are very similar  in the case of nuclei.  In  other words, when 
energy is supplied to a nucleus, it can either excite a few nucleons or can 
excite  the whole  nucleus. The angular  momentum  acts  like  an  external
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Direct  reactions
Reactions in which the interaction between projectile and 
target happens through a specific degree of freedom (either a 
single nucleon or a collective coordinate) causing a change in 
that degree of freedom are called direct reactions. Here the 
two colliding nuclei essentially maintain their identity after the 
interaction. By studying the energy and angular distributions 
of the nuclei scattered after the reactions, information about 
the interaction potential (elastic scattering), the internal states, 
which correspond to a particular state of motion of the 
constituent nucleons (inelastic scattering) and correlations of 
nucleons like pairing are obtained. Further, these studies 
provide an insight into how the states of nuclei can be 
visualized in terms of various internal configurations  (transfer 
reactions). Studies in our lab have focused on understanding 
the energy dependence of the interaction potential, breakup of 
weakly bound nuclei, mechanism of transfer for a pair of 
nucleons to see whether they are transferred sequentially or as 
a pair, clustering in nuclei and the deviation of one and two 
nucleon transfer at large relative distance between the 
interacting nuclei from theoretical models. 
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Fusion reactions

it  is the  only way to produce new very short lived elements to extend the periodic table. Further, the 
fusion between two heavy nuclei at energies around the Coulomb barrier serves as an illustration of 
various quantum mechanical aspects. Measurements both here and at other laboratories showed that 
the fusion of two nuclei is a multidimensional tunneling problem which not only depends on the radial 
separation but is also very strongly governed by their internal structure. Fusion below the barrier 
provides an excellent illustration of the connection between various internal degrees of freedom (direct 
reactions channels) and the translational degrees of freedom of the two colliding nuclei (elastic 
scattering). The probability of the nuclei to fuse (compound nucleus formation) can be obtained from 
measurement of various decay products of the compound nucleus. These could be measurements of 
characteristic gamma rays originating from the decay of evaporation residues, number of fission 
fragments or direct measurements of the evaporation residues using a recoil mass separator. Apart 
from showing the effect of the internal properties of the interacting nuclei on the fusion process, a new 
method to obtain the angular momentum of the fused nuclei and its connection with the fusion 
excitation function have been suggested from experiments done here. Recent availability of unstable 
beams, also known as Radioactive ion beams (beams of short lived nuclei having low binding energy 
and a larger extended matter distribution as compared to stable nuclei), at various facilities around the 
world have prompted the investigation of influence of their properties on the reaction process. A 
precursor to such studies is the study of stable but weakly bound nuclei.  Experiments have been 
performed to understand if fusion with weakly bound nuclei behaves differently from normal nuclei.

A fusion reaction occurs when two nuclei come together with 
sufficient kinetic energy to overcome their mutual 
electrostatic repulsion (Coulomb barrier) and form a 
compound nucleus. Depending upon the available kinetic 
energy, the collision partners will fuse either by passing over 
or by quantum mechanical tunneling through the Coulomb 
barrier. Fusion is one of the ways of producing elements and 
energy during  nucleosynthesis in the stars,  whereas on earth  



Nuclear level density studies
The nuclear level density (NLD), which is the number of energy levels/MeV, is a characteristic 
property of every nucleus. It increases rapidly with excitation energy (Ex). The angular momentum 
dependence has a rise and fall at any given excitation energy. The NLD is a crucial input in any 
statistical model calculation of a compound nuclear decay applied to the study of fission hindrance in 
heavy nuclei, the giant dipole resonance built on excited states, the yields of evaporation residues to 
populate certain exotic nuclei, production of heavy elements in stellar processes etc. Surprisingly, very 
little is known experimentally about the Ex and J dependence of the NLD. The NLD is expected to 
have a smooth behavior with respect to mass (A) and atomic number (Z), due to the liquid drop like 
properties of the nucleus. It also has a quantum mechanical dependence which exhibits an oscillatory 
behavior with respect to A and Z due to shell effects. The latter arise from the finite size of the 
nucleus. The nuclear levels of the individual nucleons in an average potential are bunched at certain 
energies leading to the shell structure. Hence a nucleus with a closed shell is somewhat more stable 
and harder to excite than a slightly heavier or lighter nucleus. This shell effect should wash out as we 
heat up the nucleus and should have its effect on the NLD of nuclei with a sizable shell stabilization in 
the ground state. Another interesting property of nuclei is that they exhibit superfluidity in the ground 
state. How fast does it disappear with increasing temperature? Deformed nuclei have a larger NLD as 
compared to their spherical neighbours. How does this change with Ex and J ? These are some of the 
questions that can be addressed by making measurements of evaporated particles from compound 
nuclei populated in low energy heavy ion fusion reactions. These studies involve the measurement of a 
small number of most energetic particles (from the first step of the decay of the compound nucleus) 
together with the number of low energy gamma-rays (to get a measure of the angular momentum). 
Studies in our lab have shown a subtle, though unexplained behaviour at low excitation energy and 
unusual “bump” like feature in the proton spectra at high angular momentum. 

Compound nuclear Lifetime 
by Crystal Blocking

The information of temporal evolution in a 
nuclear reaction is important for theoretical 
understanding of compound nucleus formation 
and decay. To measure such short lifetimes 
(<10-16s) directly is an experimental challenge. 
In the case of a crystalline target, scattered 
charged particles are ‘blocked’ from traveling 
along the crystal planes. This fact is utilized in 
the nuclear reaction where enhancement  in  the  
yield along the axial and planar directions is 
measured. This enhancement

region,  lifetimes  in  the range of 10-18-10-17 sec 
have been measured employing this technique 
with good quality thin (~1µm) silicon single 
crystal targets. The picture shows a blocking 
pattern obtained in heavy ion elastic scattering 
with a X-Y position sensitive detector, where 
the crystal axis and planes are clearly seen.

is directly related to the 
distance traveled by the 
compound nucleus before     
decaying     and hence gives 
the information on its 
lifetime. For nuclei in A ~ 40

Heavy – ion resonances
In the case of some nuclei, the variation of the 
cross section for a given process, like elastic or 
inelastic scattering, as a function of the 
projectile energy shows fluctuations in the form 
of high and narrow peaks. A characteristic 
feature of these resonances, unlike the 
fluctuations, is that it shows up simultaneously 
in various outgoing channels and at all angles. 
These fluctuations can be understood in terms of 
the formation of long lived, positive energy 
states of the projectile and target, known as 
‘molecular configurations’. It  is  very  difficult  
to  identify  these  states  (because of their larger

“4N” nuclei like 16O+12C, 12C+12C. The detailed 
study of excitation functions of various outgoing 
reaction channels for a given incoming channel 
has helped in determining their structure. Using 
the outgoing particle correlations some of these
structures have been interpreted as a linear chain 
of 6 α particles and others have been shown to 
be highly deformed.

widths) unless they have a very 
special structure. Studies here 
have  focused on   investigation 
of such states  at  high  energies  
in  light  systems  consisting  of



Radiochemical Studies
Radiochemical studies in our laboratory have concentrated on using the accelerator to produce long 
lived nuclei (radioisotopes) and study them off-line. The reaction products of interest can be 
chemically separated from other unwanted nuclei and their properties can be studied using the gamma 
decay. This off-beam technique is a very sensitive probe to measure small cross sections given its 
natural advantages of low background and high selectivity. Using this technique diverse topics ranging 
from heavy ion induced fission, complete and incomplete fusion in heavy ion reactions to synthesis of 
heavy elements can be investigated. Mass resolved angular distribution studies, which are difficult to 
investigate by any other method, showed the difference in the angular distributions of the fission 
fragments depending on the entrance mass asymmetry (ratio of projectile and target masses). The 
presence of a significant amount of fission following the transfer of a few nucleon(s) was observed. 
Further, this transfer induced fission yield was shown to decrease with increasing beam energy. Using 
the same technique various aspects on the influence of the structure of the projectile on the fusion 
mechanism have been addressed. Studies here have highlighted the presence of  “incomplete” fusion  
(where a part of projectile fuses with target) with 12C and 16O beams at energies ~6-7 MeV/A. The 
synthesis of super heavy elements (SHE) and questions related to their stability are current focus of 
nuclear physics. Associated studies of heavy element (Z~100) production and their chemical 
properties are an important step in this direction. Both the chemical and nuclear properties of heavy 
elements are studied after producing these elements. Various radiochemical separation procedures for 
radioisotopes of special interest, important for practical purposes, have been developed. Detailed 
studies of separation of carrier free rare earth radio-isotopes from irradiated rare earth targets have 
been carried out. 

Heavy ion collisions with atoms, clusters and solids

provides valuable insight into the physics of atomic collisions. If the velocity of incident ions is close 
to the orbital velocity of participating electrons, then the probability of  promoting the electron to the 
higher energy state is enhanced.  Studies of the ion-atom, ion-solid and ion-cluster collisions with 
highly charged heavy ions from the Pelletron are made using x-ray and electron spectroscopy 
techniques. Strong electron-electron correlations are observed for near symmetric collision partners 
such as Si (A~28) and Ar (A~40).  In elements with large atomic numbers, where the innermost 
electrons are moving very fast, the ionization cross-sections  (the probability that electron comes free 
of the atom) are strongly enhanced due to the relativistic effects. Experiments have been performed to 
investigate this effect. Systematic studies of the ratio of x-ray emission to electron emission (i.e. the 
fluorescence yield), its dependence on energy and atomic number of the incident ions have also been 
carried out. The study of collisions with C60 clusters have revealed that these clusters exhibit a ‘solid-
like’ effect, which can be related to a collective phenomenon similar to giant resonances observed in 
nuclei.  The atomic collisions in the solid medium are influenced by the dynamic screening and the 
enhancement of electron density (caused by the wake field) experienced by swift ions. These 
measurements exploring the effect of solid medium on the atomic collisions, provide a test of newly 
developed theoretical models. 

When swiftly moving charged particles collide with other atoms while passing 
through a thin target foil or gas, the electrons in both the collision partners interact 
with each other as well as with atomic nuclei. As a result of this, the electrons can 
move to higher energy states in an atom or can gain enough energy so that they can 
go free. The excited atom returns to the original configuration by emitting either an 
x-ray  or  by  ejecting  another electron.  The study of  emitted x- rays and electrons

C60



Condensed Matter Physics using nuclear techniques
Nuclear techniques like perturbed angular correlation (PAC) and perturbed 
angular distribution (PAD), utilizing the hyperfine interaction between a nuclear 
probe and the electromagnetic fields produced by atomic electronic states in a 
solid, provide an elegant and accurate tool to study various aspects of 
condensed matter physics viz. electronic and magnetic properties at short length 
and time scales.  With the help of energetic heavy ion beams from an 
accelerator, it is not only possible to produce a wide variety of probes but also 
implant them into hosts (recoil implantation) that are otherwise inaccessible by 
conventional methods. These techniques have been used to address problems 
like formation and stability of magnetic moment on d/f ions embedded in 
different metallic hosts and  have  lead  to salient results  like the observation of

giant 4d magnetic moment on Rh atom in Pd and Pt metal and the elucidation of moment stabilizing 
influence of ferromagnetic host spin polarization. compared to a conventional Kondo type
antiferromagnetic spin polarization that always increases spin fluctuation and hence destabilizes the 
magnetic moment, ferromagnetic polarization of the host conduction electrons has been shown to lead 
to suppressed spin fluctuation rates and hence a more stable magnetic moment. Another important 
milestone of these studies is the successful demonstration of Kondo behaviour of Fe impurities in Ag
nanoparticles. Compared to Fe in bulk Ag, in the nanoparticles a ten fold increase in the magnitude of 
Kondo temperature Tk was shown. Employing PAC technique, studies of static and dynamic spin 
correlation in Uranium based heavy fermion systems showed a clear indication that the manifestations 
of “heavy fermions” viz. enhancement of electronic specific heat, can arise from dynamic spin 
correlation between U atoms without any enhancement of electronic mass.

Applications to medicine and environment

heavy ion activation is used as an alternative method to produce radio-nuclides, which are well 
separated by their atomic number from the target element and hence easier to separate. In our lab, the 
carrier free radio-nuclides of lanthanide series elements, third transition series elements as well as s-
and p-block elements are produced and separated from the bulk target. A new concept of “Tracer 
Packet” is introduced and developed, which can be defined as a group of carrier-free radioactive 
isotopes of a few elements produced together with an objective to study some particular physical, 
chemical or biological systems. This is complementary to the `Multitracer’ method used with high 
energy (~150 MeV/u) beams. Tracer packet technique can be advantageously used to unveil many 
intricacies in chemical and  life sciences as well as in environmental studies. This technique is being 
applied in the study of the mechanism of bio-accumulation of heavy and toxic metals in algae, which 
are the primary producer in aquatic ecosystem. 
A methodology using heavy ion bombardment on a polymer (Makrofol) to produce large thin porous 

membranes with an improved uniform pore density (compared to those commercial available) and 
with pore diameters ranging from 5nm to 2µm has been standardized. These membranes can have 
applications for selective separation of isotopes from nuclear and toxic wastes.

The production of carrier free radionuclides is very important for all 
applications of radioactivity in medicine. Usually these are produced in light 
charged particle induced reactions where the similar chemical properties 
between the target and required products make the separation very difficult, 
especially for the carrier-free lanthanide radionuclide (in ultra trace scale) 
from  the target  matrix  (present in macro scale). To  overcome this problem, 
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Superconducting LINAC Booster
A superconducting linear accelerator has been indigenously 

developed to   boost energy of the heavy ions emerging from the
Pelletron. The LINAC booster consists of seven modules, each 
module having a liquid He cryostat which houses four lead coated
(2 µm) copper quarter wave resonators. Inside this resonating 
cavity, a large electric current oscillates at 150 million times a 
second. This generates a very high electric field  ~2.5 MV/m, which 
can be used to accelerate heavy ions. Such high fields are feasible 
because the lead surface of the resonator becomes superconducting 
at liquid He temperature. A similar room temperature LINAC would
be thrice as long and ten times more expensive to operate. While
going through a LINAC, ions gain energy in a manner very similar to a 
person riding a surfboard on an ocean wave.  If the surfer matches 
his speed to an incoming wave, gets on the board, then he can ride 
the wave into the beach gaining speed (and hence energy) in 
synchronization. This accelerator is designed such that only the
particles entering with velocity v~0.07c-0.13c (2-4 cm/ns) will gain 
energy.  The LINAC booster will provide an additional energy gain of 
14 MeV/q. The first phase of LINAC with three modules has been 
recently commissioned.

The first beam was accelerated through the LINAC Booster on 
22nd Sept. 2002.  Subsequently, the first set of experiments 
with three LINAC modules were successfully conducted in April-
May’03.



Cryostat modules housing the resonators with liquid He distribution box

Development of the superconducting LINAC is a major milestone in 
the accelerator technology in our country. All critical components of 
LINAC booster (except the helium refrigerator) have been designed 
and developed indigenously.

Indigenously developed RF Control Stations for LINAC modules

 



Pelletron accelerator related developmental activities
Various developments to improve the performance of the Pelletron accelerator have been implemented 
over the last decade. For a steady operation of the electrostatic accelerator, the uniform division of the 
high voltage is essential and was achieved in the original design using sharp corona needles. These 
corona needles required a frequent replacement because of the degradation in performance due to 
aging.  This problem was overcome by replacing the needles with large value resistors  (1 Giga ohm), 
which has resulted in a remarkable improvement in the voltage stability. Moreover, the machine can 
be operated at very low terminal voltages, which was not possible earlier. An electrostatic offset
quadrupole (charge selector) at the terminal of the Pelletron has been designed and fabricated to 
minimize electronic loading from undesired charge states (after stripping in the terminal secion). To 
facilitate easy beam changes, a multi cathode target wheel for SNICS ion source has been fabricated 
and installed. Development of vacuum ion pumps and beam line components required for beam 
diagnostics has also been undertaken. We have also recently started an Accelerator Mass Spectrometry  
(AMS) program.

LAMPS – Data acquisition system
During the experiments with the Pelletron accelerator and the LINAC booster, data from a large 
number of detectors have to be recorded. For this purpose a sophisticated CAMAC based data 
acquisition system, AMPS/LAMPS has been developed indigenously. The success of experiments 
depends upon the ability of the data acquisition system to process and display results online so that the 
problems in data, if any, can be addressed quickly.  The software has been developed keeping this in 
mind. In addition to recording list mode data to hard disk, the system has a provision for complex 
online analysis and includes a screen manager for 100’s of spectra.  With this system it is possible to 
acquire correlated detector outputs from events with a throughput of 500 kilobytes/sec. The same 
software is also used for offline analysis for the final data reduction.   

Support facilities
Target laboratory is well equipped with a metal foil rolling machine, an electron gun and resistive 

heating type evaporation setups. Many different targets ranging from Be to U have been prepared for 
various experiments. 

The detector lab carries out routine maintenance of HpGe and Clover detectors and also has a   
vacuum annealing facility for their radiation damage treatment.

The electronics lab maintains various accelerator related equipments as well as NIM and CAMAC 
modules required for experiments. 

More details about the various programmes and publications 
can be found on our web page http://www.tifr.res.in/~pell



A positive ion injector consisting of an ECR source followed by a 
Radio frequency quadrupole and superconducting Niobium cavities 
will be developed for further enhancing the available beam species 
and energies. The proposed injector facility will enable the study of 
reactions above the Coulomb barrier even for very heavy systems 
like U+U. One of the main advantages of the injector facility is that 
it will facilitate experiments in inverse kinematics, namely, heavy 
beams on lighter targets. A wide variety of beams with very large 
intensities will let us probe the nucleus at its extremes and address 
questions of contemporary interest.

Phase II of LINAC and the new experimental hall are 
expected to be operational by the end of 2005.

LINAC
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