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SUNDAY, OCTOBER 16, 2005



18.00 – 20.00:  Reception and Registration

Venue:  The Hotel Taj, Sector 17-A Chandigarh


MONDAY, OCTOBER 17, 2005



8:30- 9:30 Registration

9:30 - 10:30: Inauguration:
His excellency Dr.  A.R. Kidwai, Governor of Haryana   

Welcome: Prof. I. M. Govil  

Keynote Address:  Prof Veer Singh, DUI, Panjab University
Thanks: Prof. Nirmal Singh

Venue: The Hotel Taj, Sector 17-A Chandigarh 


11.00 – 11.30:  TEA

11:30 - 12:00: Session I
Chairman: Prof. Joseph Natowitz
SPEAKER:  Dr. Amit Roy, Director, Inter Univ. Accelerator Centre, New Delhi
TOPIC:  Infrastructure for Nuclear Physics Research at IUAC, Present & Future
12:00 - 12:30
SPEAKER:  Dr. A. Chatterjee, NPD, BARC
TOPIC:  Nuclear Physics Facilities at BARC and TIFR
12:30 - 13:00
SPEAKER:  Prof. H. C. Jain, Tata Institute of Fundamental Research, Mumbai
TOPIC: High Spin band structure in Ce Isotopes 
13:00 - 14:00: LUNCH

14:00 – 14:30 Session II
Chairman:  Prof. Cornelius Beausang
SPEAKER:  Prof. Umesh Garg, University of Notre Dame, USA
TOPIC: Interacting Triaxial Superdefomed Bands in 163Tm 
14:30 - 15:00
SPEAKER:  Prof. Nirmal Singh, Department of Physics Panjab University, Chandigarh

TOPIC: Rotational Structure in 123,125,131Cs Nuclei
15:00 - 15:30

SPEAKER:  Prof. I.M. Govil, Department of Physics Panjab University, Chandigarh
TOPIC: Study of Shape Coexistence in Thallium Isotopes via Lifetime Measurements
15:30 - 15:50: TEA

15:50 - 16:10 Session III
Chairman: 

SPEAKER:  Mr. S. Muralithar, Inter University Accelerator Centre, New Delhi
TOPIC: Experimental facility for Nuclear Physics Research at IUAC
16:10 – 16:30

SPEAKER: Dr. R. Palit, TIFR Mumbai  
TOPIC:  Structure of f-p-g nuclei at high spin
AT HOME AT RAJ BHAVAN HARYANA: 17:00 – 19:00
20:00:  DINEER,   Hotel Taj Chandigarh


TUESDAY, OCTOBER 18, 2005



9:00 - 9:30 Session IV
Chairman:  Partha Chowdhury
SPEAKER:  Prof. Cornelius Beausang, University of Richmond, USA
TOPIC:  Recent results from unstable actinide nuclei using the surrogate reaction method

9:30 - 10:00
SPEAKER: Prof. A.V. Ramayya, Vanderbilt University,Nashville, TN
TOPIC: Recent nuclear structure studies of nuclei produced in the spontaneous fission of 252Cf
10:00-10:30
SPEAKER:  Dr. I.-Y. Lee, Lawrence Berkeley National, Laboratory,California
TOPIC: Gamma-ray energy tracking detector: Principle and physics opportunities
10:30 - 11:00  

SPEAKER:  Prof. S.B. Patel, Department of Physics, University of Mumbai, Mumbai
TOPIC: Measurements of Life-times of Nuclear High Spin States as Critical Inputs for the Nuclear Structure studies in gamma-soft Nuclei
11:00 - 11:20 TEA
11:20 - 11:50 Session V
Chairman: 

SPEAKER:  Dr. Partha Chowdhury, University of Lowel, USA

TOPIC: Studies of the Hf nuclei using Gammasphere and CHICO
11:50 - 12:20

SPEAKER:  Dr. Sandeep S. Ghugre, UGC-DAE, CSR, Kolkata Centre, Bidhan Nagar, Kolkata
TOPIC:  Spectroscopy of Nearly Spherical Nuclei Using the Indian National Gamma Array
12:20 - 12:40

SPEAKER:   Mr. R.P. Singh, Inter University Accelerator Center, New Delhi

TOPIC: Nuclear structure studies with the gamma spectrometer and the plunger device at IUAC -New Delhi
12:40 - 13:00 

SPEAKER:   Dr. P. K. Sahu, Nuclear Physics Division, BARC, Mumbai

TOPIC: Multi-Nucleon Transfers in Heavy Ion Induced Reactions  
13:00 - 14:00: LUNCH

14:00 - 14:30 Session VI
Chairman: 
SPEAKER: R. K. Bhowmik, Inter University Accelerator Center, New Delhi

TOPIC: Nuclear Physics Research at Inter University Accelerator Centre- a Perspective
14:30 - 15:00
SPEAKER:  Prof. S. C. Pancholi, University of Delhi, New Delhi
TOPIC: Modification of magicity in neutron-rich nuclei
15:00-15:20 TEA

15:20 - 15:50
SPEAKER:  Prof. Joseph Natowitz, Texas A & M University,Texas
TOPIC: Heavy Ion Reaction Dynamics and the Properties of Highly Excited Nuclei   
15:50 - 16:20
SPEAKER:  Dr. R.K. Chowdhury, Institute of Physics, Bhubaneshwar
TOPIC: Fission of Super Heavy Nuclei
16:20 – 16:40 

SPEAKER: Mr. Ajay Kumar, Department of Physics, Panjab University Chandigarh 
TOPIC:  Pre-compound neutron evaporation in low energy heavy ion fusion reactions
17:00 – 19:00: EXCURTION TRIP TO MOUGHAL GARDEN PINJORE
20:00:  DINNER, Hotel Taj Chandigarh


WEDNESDAY, OCTOBER 19, 2005



9:00 - 9:30 Session VII
Chairman: Dr. Cyrus Baktash
SPEAKER: Prof. S. Chattopadhyay, Saha Institute of Nuclear Physics Kolkata
TOPIC:   Nuclear Structure studies in mass- 100 region and upcoming superconducting at VECC Kolkata
9:30 - 10:00
SPEAKER:  Dr. A. K. Sinha, UGC-DAE Consortium for Scientific Research, Kolkata Centre, Kolkata
TOPIC: Spin Dependence of Fission Survival: A Probe for Nuclear Dissipation Effects in Heavy Ion Induced Fission
10:00 - 10:20
SPEAKER:  Dr. B. R. Behera, Department of Physics, Panjab University Chandigarh
TOPIC: Fusion reactions with stable and radioactive beams 
10:20- 10:40

SPEAKER:  Dr. S. Mandal, Department of Physics, University of Delhi, New Delhi

TOPIC: Spectroscopy of exotic nuclei with RISING
10:40 - 11:00: TEA
11:00 - 11:30 Session VIII
Chairman: Prof. Lakshman Chaturvedi 

SPEAKER:  Dr. Amlan Ray, VECC, Kolkata

TOPIC: Change of decay of 7Be in different environment and its implications
11:30 – 12:00

SPEAKER:  Dr. B. P. Singh, Department of Physics Aligarh Muslim University, Aligarh
TOPIC: Study of Complete and Incomplete Fusion in some Reactions Induced by Heavy Ions
12:00 – 12:30 

SPEAKER:  Dr. Cyrus Baktash, Oak Ridge National Laboratory, Oak Ridge, Tennesee
TOPIC: RIB facility at ORNL and Nuclear Structure Studies of Neutron rich Nuclei
12:30 – 13:00

SPEAKER: J. J. Das, Inter University Accelerator Centre, New Delhi
TOPIC:  Radioactive Ion beam facility at IUAC, New Delhi

13:00 - 14:00: LUNCH

14:30 – 16:00:   Panel Discussion
16:00 - 16:30 TEA
16:30 - 18:00
 VISIT TO PHYSICS DEPARTMENT AND CYCLOTRON LABORATORY PANJAB UNIVERSITY CHANDIGARH 

18:00 – 19:00

Valedictory Function Physics Department Panjab University Chandigarh
20:00: DINNER, Hotel Taj, Chandigarh


THIRSDAY, OCTOBER 20, 2005



9:00 - 12:00 
VISIT TO ROCK GARDEN, CHANDIGARH
Infrastructure for Nuclear Physics Research at IUAC, Present & Future
Amit Roy
Inter University Accelerator Centre, New Delhi 110067

Since 1991, the 15 UD Pelletron accelerators has been delivering beams of heavy ions up to mass ~ 50 for studies of nuclear reaction dynamics around the Coulomb barrier and for nuclear structure studies. A superconducting linac booster is now under construction to increase the energy and mass range of heavy ions. The mass range for which energy would be above the Coulomb barrier would be extended to about 100. A high current injector based on a novel ECR source is also planned to increase the flux of the heavy ions. The existing recoil mass spectrometer HIRA has been exploited to deliver high quality 7Be beam for experiments. Currently a new hybrid recoil spectrometer HYRA is being installed which also opens up the possibility to produce several radioactive species for further studies. An ion trap following HYRA, following the experience of SHIPTRAP, should allow the radioactive species to be captured for further studies. This possibility would be explored in this presentation.

Nuclear Physics Facilities at BARC and TIFR
A. Chatterjee
Nuclear Physics Division, BARC, Mumbai

In this talk I present the status of the Superconducting LINAC booster project to the BARC-TIFR 14 UD Pelletron, Mumbai. I also report on some of the recent experiments done with Pelletron and LINAC beams and collaborative experiments including, Direct observation of 4+ to 2+ gamma-transition in 8Be, Prefission particle emission in 28Si+175Lu, Transfer followed by breakup in 7Li+65Cu, Shell correction and shape at the saddle point for mass ~ 200, Reactions with weakly bound nuclei near the coulomb barrier. 

High spin band structure in Ce isotope
H.C. Jain

Department of Nuclear and Atomic Physics

Tata Institute of Fundamental Research, Mumbai 700004

The first version of the ‘Indian National Gamma Array (INGA)’ consisting of 8 CS- clover detectors with 14 element NaI(Tl) detectors was set up in T.I.F.R. from March to May 2001. It enabled us to study high spin structure in light Ce isotopes from 133Ce to 136Ce. In addition to significantly extending the level schemes both horizontally through observation of new bands and vertically upwards to higher angular momenta, we found several interesting features in these isotopes. For example, we observed, signature splitting, gamma bands, highly deformed bands, shape transition followed by magnetic rotation and possible candidates for chiral bands. I will discuss some of our interesting observations in the present talk.

Interacting Triaxial Superdefomed Bands in 163Tm 

Umesh Garg

Department of Physics University of Notre Dame

In a Gammasphere experiment, using the 130Te( 37Cl, 4n)163Tm reaction, we have observed two triaxial superdeformed(TSD) bands in the nucleus 163Tm. These bands interact with each other, and several linking transitions between them have been identified. From fractional Doppler shift measurements, the average transitional quadrupole moment, Qt, associated with these bands has been determined to be 8.5 ± 2.0 eb. This is the only example of interacting TSD bands other than those observed in the Lu nuclei. However, unlike the case in the Lu nuclei, the bands in 163Tm do not correspond to wobbling motion and, instead, are related to particle excitations. CNS and TAC calculations not only reproduce reasonably well the observed properties of these bands, but also offer a possible explanation for why wobbling does not occur in this nucleus but does in the nearby Lu nuclei.

Rotational Structure in 123,125,131Cs Nuclei
Nirmal Singh 
Department of Physics Panjab University, Chandigarh 110014
Spectroscopic studies of nuclei in A ~ 125 mass region continue to be a focus of attention due to the multiplicity of shapes and a richness of nuclear structure phenomena. These nuclei are characterized with a γ-soft deformed core. Theoretical calculations predict a variety of minima in the nuclear potential energy surface and indeed experimentally low-deformation minima are found to coexist with oblate, triaxial or highly deformed minima. The occurrence of high–Ω orbits near the proton and neutron Fermi surfaces of these nuclei leads to high –K configurations and isomers. In the odd-Z even-N nuclei, the shape at low rotational frequencies is mainly influenced by the valence quasiproton.  It is of interest to track the πh​​11/2 and πh​​9/2 bands in this mass region with the position of proton and neutron Fermi surfaces to understand their respective deformation-driving tendencies. At higher frequencies additional rotationally aligned πh11/2 quasineutrons / protons compete to polarize the γ-soft core. High spin states in 123,125,131Cs have been investigated employing in-beam γ-ray spectroscopic techniques. Rotational bands, built on πg​​11/2 and πg​​9/2  and the unique parity πh​​11/2 orbitals, have been extended and evolve into bands involving rotationally aligned ν(h11/2)​​2  and π(h​​11/2)2 quasiparticles.
Study of Shape Coexistence in Thallium Isotopes via Lifetime Measurements

I. M. Govil

Department of Physics Panjab University, Chandigarh 110014

The shape coexistence phenomena in 178-189Tl is investigated by measuring the reduced transition probabilities of the high spin states through recoil distance lifetime measurement technique. For this study the reactions 159Tb(28Si,4n)187Tl and 165Ho(28Si,4n)189Tl at a beam energy of 154 MeV and 138 MeV was used In this measurements the lifetime of the four levels of the negative parity (h9/2 band and seven levels of positive parity  (i13/2 band are measured. The extracted transition quadrupole moments for the positive parity (i13/2 show interesting changes with increasing level spin. This band starts with a small oblate shape at low spin and attains a strongly prolate shape at high spins.  On the other hand the negative parity (h9/2 band shows a stable oblate structure against the increasing spin with an average quadrupole deformation of (2.6 eb. For the better understanding of the shape coexistence phenomena in 189Tl nucleus, the experimental results are compared  with the results of the total routhian surfaces calculations, done for the both the positive parity (i13/2 band and negative parity (h9/2 band these nucleus. The comparison confirms the shape coexistence structure in 178-189Tl nuclei in the positive parity (i13/2 configuration.
Experimental facility for Nuclear Physics Research at IUAC

S. Muralithar

Inter University Accelerator Centre, New Delhi 110067

The Pelletron facility at Inter University Accelerator Centre, Delhi (IUAC) is currently being augmented by the addition of a Superconducting LINAC booster. The first phase of the LINAC is expected to be commissioned this year with the possibility of the beam being available in Phase II beam hall early next year. Three new facilities for research in nuclear physics are planned to be installed in Beam Hall II to take advantage of the higher energy beams. During the last few years, nuclear physics groups from different institutions in the country have joined together to advance the concept of a large array of detectors for gamma spectroscopy. Indian National Gamma Array (INGA) is national level collaboration of TIFR, BARC, VECC, SINP, UGC DAE CSR-KC, IUAC and several universities for pooling their resources. Three joint campaigns have been held so far at the three major accelerator centres in the country.  DST has now funded this project to augment the sensitivity of the detector array. The implementation of the INGA project in IUAC will be presented. A new generation Recoil Separator (Hybrid Recoil Mass Separator - HYRA) funded by DST is currently being set up in Beam Hall II of IUAC. HYRA has two modes of operation for addressing the reaction kinematics of nuclei in the region A~200 and above (gas filled mode) and in the region A < 100 (vacuum mode). Of particular interest is the operation of this facility in coincidence with INGA for recoil-tagged spectroscopy of weakly populated reaction channels. The features of spectrometer modes and the physics problems which can be tackled with HYRA will be reported. Neutrons are good probes for the study of dynamics of nuclear reactions. The study on the time scale associated with fusion fission process for very heavy nuclei can be carried out by measuring the neutron multiplicity. IUAC has taken up a project called National Array of Neutron Detector (NAND) addressing these issues with collaboration from SINP, TIFR-BARC and Punjab University. The design features of the array and the experiments which can be done using LINAC beam will be discussed.

Structure of f-p-g nuclei at high spin
R. Palit

Department of Nuclear and Atomic Physics

Tata Institute of Fundamental Research, Mumbai 700004

The study of low and high spin states in neutron deficient mass-80 nuclei has attracted considerable interest. This is motivated by increased power of experimental facilities and improved theoretical descriptions, as well as by the astrophysical requirement in understanding the structure of these unstable nuclei. Nuclei in this region have three important nuclear structure effects, namely, the shape coexistence, np-interaction and isomers [1,2]. Some of our experimental work concerning the evolution of collectivity and shape change of even-even and odd-odd nuclei in mass A~80 will be presented [3,4]. A comparison of experimental results available in this region with the projected shell model helped in understanding the shape evolution and the concerned dynamics at higher angular momentum [5]. The future scope for investigating np-interaction and isomers in this region with stable and radioactive beam experiments will be discussed.
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Recent results from unstable actinide nuclei using the surrogate reaction method
Cornelius Beausang

University of Richmond
Measurements of reactions of unstable nuclei are difficult. By producing the same compound system at similar excitation energies and spin using light charged particles and stable targets and measuring the delay probabilities using particle and gamma tags may provide the solution of this problem. For this study the need of efficient charged particle detector array and gamma detector array was fulfilled with STAR, YRAST Ball and Liberace (LBNL). The (d, d’ f) and ((, (’f) surrogate reactions to (n, f) reactions of different uranium nuclei were taken. The absolute cross-sections were determined by ration method. The new on results on surrogate reaction technique for actinide nuclei and results from SASSYER in the trans-Pb region will be presented.    
Recent nuclear structure studies of nuclei produced in the spontaneous fission of 252Cf
A. V. Ramayya
Vanderbilt University,Nashville, TN

Neutron rich nuclei can be identified and well studied by using 252Cf source. The nuclei 106Mo and 110,112Ru have been studied by using 252Cf source with T1/2 = 2.6 y, SF: 3 % and strength of 62 (Ci. The Chiral doublet bands have been observed in even-even neutron rich nuclei 106Mo and 110,112Ru.  The coexistence of strongly deformed and nearly spherical shapes coexisting with triaxial shape has been observed first time in 100Zr.  The detailed results on these nuclei and new technique for the half-life determination will be discussed.
Gamma-ray energy tracking detector: Principle and physics opportunities
I. Y. Lee

Lawrence Berkeley National,Laboratory,California

Gamma ray tracking provides new capabilities in nuclear structure and applications. Considerable advances have been in all technical areas. A number of working prototype systems are providing promising results and new ideas are being pursuit which will results in further improvement. The principle of gamma ray tracking, physics opportunities of gamma ray tracking will be discussed. 
Measurements of Life-times of Nuclear High Spin States as Critical Inputs for the Nuclear Structure studies in Gamma-soft Nuclei

S. B. Patel

Department of Physics, University of Mumbai, Mumbai

In this presentation I would like to show results of some of our recent work involving measurement of nuclear life-times by the DSAM method in the high-spin domain. In particular the focus would be on the measurements pertaining to nuclear states in a magnetic rotational-like band for soft nuclei in the region A ~ 105-110. The results are compared with the Tilted Axis Cranking Model calculations.
Neutron-rich Hafnium Nuclei:
Shape, Symmetry, Competition, Coexistence

Partha Chowdhury

University of Massachusetts Lowell, USA

High angular momentum states in neutron-rich hafnium nuclei provide a fertile laboratory for studying quantum phenomena that are signatures of a strongly correlated many-body system. Well-deformed, axially symmetric, prolate shapes, together with the presence of nucleon orbitals with large angular momentum projections on the symmetry axis, lead to a healthy competition for yrast status between single-particle excitations and collective rotation. Intriguing theoretical predictions at high angular momentum in these nuclei, that have remained untested for decades due to experimental limitations, include very long-lived yrast isomers, as well as oblate shapes being energetically favored. The evolution of the approximate quantum number K as a function of spin and isospin, together with the search for oblate collective rotation, constitute our current research thrust. Population of these nuclei is achieved via inelastic excitation and transfer reactions with heavy beams, since standard fusion-evaporation reactions are ruled out due to the absence of stable beam-target combinations. Our recent experiments have focused on prompt spectroscopy of these nuclei utilizing particle-gamma coincidence techniques.  The Gammasphere array, with ~100 HPGe Compton-suppressed detectors, was used in conjunction with the auxiliary heavy-ion detector CHICO, a compact gas-filled parallel-plate counter with excellent timing characteristics, which can distinguish between beam-like and target-like fragments recoiling out of a thin target, and allows event-by-event Doppler correction of the gamma ray energies. An overview of the isomer work, together with recent prompt spectroscopy results for the neutron-rich 180Hf nucleus, will be presented.  

Spectroscopy of Nearly Spherical Nuclei Using the Indian National Gamma Array

Sandeep S Ghugre

UGC-DAE, CSR, Kolkata Centre, Bidhan Nagar, Kolkata 700 098.

The Indian National Gamma Array (INGA), a multi Clover detector array was set up in collaboration with the Universities and the Research Institutes.  This array was initially operational at TIFR, Mumbai and in it's second phase it was coupled to the Heavy Ion Reaction Analyzer (HIRA) at NSC, New Delhi.  Currently the array is operational at VECC, Kolkata. The level structures of nuclei in the vicinity of N~50 and N~82 have been investigated using the INGA array. The level structures of these nuclei have been extended considerably.                                                                              The recoil-isomer tagging technique was successfully employed using the INGA-HIRA facility to study the isomeric states in the vicinity of N=50 shell closure.  The life-time of these micro-second isomers provided us crucial indicators for the underlying microscopic configurations of these levels. Transfer reactions provide an unique opportunity to investigate the level structure of nuclei which are not easily accessible using the conventional fusion evaporation reactions.  Yrast and near-yrast sequences in the neutron-rich N~20 nuclei 36P, 36S were populated using transfer/deep-inelastic processes following the 34S + 115In reaction at incident energy of 140 MeV. The use of a multi-clover array facilitated detection and polarization measurements of the observed gamma-rays. The measurements have necessitated some changes in the previously-known level sequences. The observation of the negative parity levels is indicative of the influence of intruder orbitals on the level structure of these nuclei. Shell-model calculations indicate that inclusion of f7/2 orbital is important even for the positive parity sequence of 34P. The talk shall cover some of these interesting results.

Nuclear structure studies with the gamma spectrometer and the plunger device at IUAC -New Delhi

R.P. Singh

Inter University Accelerator Center, New Delhi 110067

(Formerly Nuclear Science Center, New Delhi)

The Gamma Detector Array (GDA) comprising of 12 Compton suppressed HPGe detectors has been the main work horse for the nuclear structure studies at IUAC by different research groups in the country. The focus of the nuclear structure studies has been the high spin phenomena in nuclei. The augmentation of the gamma spectrometer with ancillary devices like the Plunger has provided significant insight in these studies. High spin states have been studied in a wide variety of nuclei spanning the periodic table. In these studies a number of interesting phenomena like core excitations across the shell closures, the shape driving properties of high spin orbitals, shears mechanism, chirality etc. have been observed.  Some of these studies and the aspects of the spectrometer and the ancillary devices would be presented. 

Multi-Nucleon Transfers in Heavy Ion Induced Reactions  
P. K. Sahu

Nuclear Physics Division, BARC, Mumbai

The energy spectra and angular distributions of the transfer reaction products were measured in 16O, 18O+174Yb and  11B+208Pb, 209Bi reactions at bombarding energies above the Coulomb barrier. The various aspects of sequential and massive cluster transfers were studied in all the reactions from ground state Q-value and nucleon mass transfer systematic. The measured transfer cross sections in 16O, 18O+174Yb reactions indicate that, the two-neutron stripping and the two-neutron correlated cluster transfer cross sections are strongly enhanced in 18O-induced reaction as compared to the 16O case, which have been interpreted by treating 18O as having a 16O core and two extra valence neutrons outside the core in a “dineutron” configuration. The transfer probabilities of multinucleon transfers have been analyzed as a function of distance of closest approach and the results for two-neutron transfer is consistent with the supposition of correlated pair transfer of valence nucleons in the 18O+174Yb reaction.   The measured transfer cross sections in 11B+208Pb, 209Bi reactions indicate that, the one-proton pickup cross section is enhanced in 11B+209Bi reaction relative to that in 11B+208Pb reaction, which has been interpreted as due to the influence of target shell closure in the nucleon transfer process. The energy spectra and the angular distribution for all the transfer channels were calculated in the framework of diffractional distorted wave Born approximation model for both the systems.

Nuclear Physics Research at Inter University Accelerator 
Centre- a Perspective
R. K. Bhowmik

Inter University Accelerator Centre, New Delhi 110067

In this presentation I would like to show results of some of  work done by University group and institutes  at IUAC  involving measurement of Level Scheme studies using GDA , INGA,  Lifetime measurements (DSAM & RDM) Q-moment, g-factor measurements (PAC).  In particular, the focus would be on the level schemes of light transitional nuclei 116,117,118,119,121Te, 118,120,122I, 120Xe, 123,125,130,131Cs, Exotic shapes in mass 110 region, experiments with Recoil Separator HIRA and Study of entrance channel effects in particle evaporation spectra. I would also like to talk on future facility at IUAC e.g. Gamma Spectroscopy using Indian National Gamma Array (INGA), Reaction Dynamics Studies using HYRA Combined operation for recoil-tagged spectroscopy, National Array of Neutron Detectors (NAND) Charged Particle array for INGA planned Spectroscopy  with transient-magnetic field  and g-factors for high spin states.
Modification of magicity in neutron-rich nuclei

S.C.Pancholi

University of Delhi, New Delhi 

The investigation of neutron-rich nuclei is giving exciting new insight in nuclear structure in nuclei far away from the line of beta-stability (i.e., near the neutron drip line.). There is substantial evidence of change in shell structure in neutron-rich nuclei giving rise to modifications in the traditional nuclear magic numbers i.e., exhibiting shell quenching or melting and evolution of new sub-shell closures. A large number of investigations are being done experimentally and theoretically to further investigate and understand the phenomena. In the talk, a partial review will be given of the observation and the understanding of shell gap melting in the region of N=20 neutron-rich nuclei (region of the ‘Island of Inversion’), N=28 region and the evolution of new sub-shell gaps in at N=32 and a possible sub-shell gap at N=34. 
Heavy Ion Reaction Dynamics and the Properties of Highly Excited Nuclei   
Joseph Natowitz

Texas A & M University,Texas

The Cyclotron Institute at Texas A&M University is a Department of Energy supported university accelerator facility.  The diverse internal research program is centered about the TAMU K500 super-conducting accelerator but also includes projects in which the institute serves as a technological base and staging area for the preparation of experiments to be carried out at larger unique national or international facilities. The institute also provides important capabilities for a number of industrial and university groups who utilize our light and heavy ion beams for materials testing and modification.   Our program in reaction dynamics focuses on properties of nuclei under unusual conditions created by increasing excitation energy and temperature, angular momentum, or by changing the neutron/proton ratio. The most recent studies are attempting to determine the symmetry energy in nuclear gases at low density. We find that, in the baryon density range near 0.1 x normal density, clusterization leads to symmetry energies well above those derived from typical effective interactions. These results will be discussed.

Binary Fragmentation and Fission of Nuclei in the 
Superheavy Region

R. K. Chaoudhury

Institute of Physics, Bhubaneshwar

There has been a great deal of interest in studying the fusion reactions between heavy ions leading to compound nucleus formation in the superheavy region. It is seen that the formation probability of the compound nucleus depends on the entrance channel mass, charge of the projectile and target nuclei. For heavy systems, a large flux of events escapes as fission or binary fragmentation due to dynamical limitation to the compound nucleus formation. Earlier theoretical studies based on one-body dissipation show that the dynamical hindrance sets in when the product ZPZT of the projectile-target charges becomes larger than a limiting value ranging from 1000 to 1650 depending on the value of the charge asymmetry ZP/ZT  . There have been a number of recent experimental studies to investigate the nuclear dynamics in very heavy systems corresponding to composite nuclear charge of Z > 110. We have also carried out measurements of binary fragmentation and fission in systems of Z = 116 and 124.   The energetic and neutron emission characteristics have been studied in order to investigate the nuclear dynamics in this region. This talk will cover a review of the work carried out in this field and the results obtained by the present studies. 

Pre-compound neutron evaporation in low energy 
heavy ion fusion reactions
Ajay Kumar 
Department of Physics, Panjab University Chandigarh 110014

Inclusive and exclusive neutron evaporation spectra have been studied from the fusion reactions at 80 MeV 12C on 46Ti and 131 MeV 31P on 27Al, populating the compound nucleus 58Ni at the excitation energy of 79.5 MeV but in different angular momentum ranges. The evaporation residues 53Fe, 55Fe and 56Co were identified by their characteristic (-rays. The measured energy spectra of evaporated neutrons were compared with the predictions from statistical-model calculations. In case of the asymmetric system 12C + 46Ti, the neutron spectra are well reproduced, when compared with the results from statistical-model calculations with the standard level density parameter  a = A/8 MeV-1. On the contrary, the experimental spectra for the symmetric system 31P + 27Al are found to be harder than the theoretical predictions with a = A/8 MeV-1. In this case, a lower value of the level density parameter a = A/10 MeV-1 seems to be required to reproduce the experimental results. The dependence of the energy spectra on the entrance channel is taken as an indication that, in case of the symmetric system, the neutrons are in part emitted from a temperature equilibrated di-nuclear complex at a higher temperature before the formation of the compound nucleus.

Nuclear Structure studies in mass- 100 region and upcoming superconducting at VECC Kolkata

Sukalyan Chattopadhyay

High Energy Physics Division

Saha Institute of Nuclear Physics, Kolkata 700064

The neutron rich nuclei of mass-100 region are exhibiting very exciting properties and it is worth pursuing still heavier isotopes of this mass region through Fission-induced Gamma Spectroscopy. This would imply a bigger Gamma-array, which will lead to enough statistics in 3-fold/4-fold coincidences. We have studied nearly spherical nuclei 103,104,109Ag, 108Cd   by using Facility at TIFR and NSC. The phenomena of chirality, magnetic rotation and anti-magnetic rotation have been observed in these nuclei .The results are compared with the Tilted Axis Cranking Model calculations.  The detail will be discussed. I would also like to talk on   upcoming Superconducting facility at VECC, Kolkata.
Spin Dependence of Fission Survival: A Probe for Nuclear Dissipation Effects in Heavy Ion Induced Fission
A. K. Sinha

UGC-DAE Consortium for Scientific Research, Kolkata Centre, Kolkata 700098
Study of formation of cold residues in fusion reactions involving heavy nuclei is a topic of great interest as it offers possible clues to the mechanism for forming nuclei towards the limit of stability against fission. Investigations on fission survival of hot rotating nuclei probe sensitively certain unique aspects of fusion fission dynamics and provide information which is complementary to that extracted from other probes, viz., emission of photons from GDR decay and particle evaporation.  Recently, new aspects of the dynamical competition between fission and evaporation have been explored in terms of spin population leading to evaporation residues and fission. The spin dependence of fission survival is an important additional physical parameter for a critical evaluation of the concepts underlying the description of the fusion fission and evaporation process. The data reported so far seem to disagree with the onset of dissipation at the pre-saddle regime of the fission process. The talk will review the work done in this direction and discuss the future possibilities.
Fusion reactions with stable and radioactive beams

B. R. Behera

Department of Physics, Panjab University Chandigarh 110014

The fusion reaction of heavy ions around the coulomb barrier is governed by quantum tunneling process. From stable beams experiments it is well established that the probability of tunneling depends on the structure of target and projectile and the intrinsic degrees of freedom.  It was observed that the coupling of the relative motion of the colliding nuclei with intrinsic excitations and other reaction channels can enhance the fusion cross section. Transfer channel is an important channel to be included in the coupled channel calculation. The use of radio-active beams also opens up new line of research in fusion studies. The coupling to the continuum can be explored with loosely bound nuclei. It is predicted that there will be enhancements of fusion cross sections for neutron-rich projectiles due to a lowering of the fusion barrier and the possible excitation of the soft dipole mode. In the case of halo systems, strong variation in fusion cross section is also expected due to weakly bound halo nucleons and the possible effects of projectile breakup. The use of radio-active beams might also lead to possible synthesis of new heavy elements. Neutron is also a good probe to study the mechanism of fusion process. In my talk I will briefly mention some of the above aspects of the fusion studies.

Spectroscopy of exotic nuclei with RISING

Samit Mandal

Department of Physics, University of Delhi, New Delhi

The radioactive beams give an excellent opportunity to study the extreme drip line nuclei.  The gamma ray spectroscopy with radioactive projectiles to explore the extreme drip line nuclei will be discussed. A brief description of RISING set-up and recent results from the said set-up will be presented. 

Change of decay of 7Be in different environment and its implications
Amlan Ray

VECC, Kolkata

The decay rate of a radioactive substance is generally thought to be independent of external environment. However, since the valence electrons of an atom are influenced by the external environment, so the decay rate of an electron capturing nucleus could also be affected, in principle, by the external environment. 7Be is the lightest electron capturing nucleus and its decay rate has been found to change [1,2,3,4] slightly in different environments. Relatively large change (0.72%) of decay rate of 7Be in Al2O3 and Au was found [1] earlier. Recently Ohtsuki et al.[4] also found about 1.2% increase in decay rate of endohedral 7Be@C60 versus that of 7Be in Au. Qualitatively, we understood [1, 5, 6] all these results in terms of the electron affinity of the surrounding medium. As the electron affinity of the medium increases, implanted 7Be loses more valence 2s electrons and its decay rate decreases. All these results have also been understood [1, 6] quantitatively using Tight Binding Linear Muffin-tin Orbital method (TB-LMTO) calculations which suggest that 7Be in a medium should lose a significant fraction of its valence electrons. We have also understood [7] the measured L/K electron capture ratio of 7Be in mercury telluride and found that 7Be loses a considerable fraction of its valence 2s electrons in a medium.


Apart from general interest, this result has implication in solar neutrino problem. The sun is powered by a pp nuclear chain nuclear reaction taking place at its core. As a part of this pp chain, 7Be electron capture and 7Be(p)8B reactions take place at the solar core. Because of the dynamic equilibration condition at the solar core, the rate of 8B production becomes inversely proportional to the 7Be electron capture rate. 8B nuclei at the solar core decay by emitting neutrinos which have been detected [8] in underground laboratories around the world. 7Be electron capture rate at the solar core has been calculated [9] by using the relevant matrix element extracted from terrestrial 7Be electron capture measurement.  Earlier, this matrix element was extracted assuming 7Be had two full valence 2s electrons. However we have found that 7Be loses a significant fraction of its 2s electrons in a medium. When this medium effect is considered, then we find that the extracted nuclear matrix element should increase [6] by 2% to 2.7% thus decreasing the calculated 8B solar neutrino flux by the same percentage (2% - 2.7%). As efforts are going on to measure 8B solar neutrino flux within a few percent uncertainty and make a precision comparison with the calculated 8B solar neutrino flux, this kind of small effect which changes the calculated flux by a few percent becomes important.


The decay rate change of 7Be in an atomic cluster such as fullerene C60 is also being studied. It has been observed that the decay rate of 7Be in endohedral 7Be@C60 is about 1.2% faster than that of 7Be in exohedral 7Be-C60 complex. From these observations, the geometrical positions of implanted 7Be endohedral and exohedral fullerene can be determined. 
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Study of Complete and Incomplete Fusion in some Reactions Induced by Heavy Ions
B. P. Singh
Department of Physics Aligarh Muslim University, Aligarh-202 002 (India)

Recent experiments have indicated that both complete fusion (CF) and incomplete fusion (ICF) processes compete with each other in heavy-ion induced reactions at energies few MeV above the Coulomb barrier. However, at present the understanding of these processes is not complete. Further, there is no satisfactory model for calculating the relative contributions of the CF and ICF processes. With a view to get insight of these processes a programme of measuring excitation functions, recoil range distributions and angular distributions for reaction residues produced via CF and ICF channels has been under taken. A large number of reaction channels (>50) have been studied. The analysis of the experimental data has given information of considerable value regarding the relative contributions of CF and ICF channels.  In some cases pre-equilibrium emission of particles has also been observed. In order to get complementary information, particle- gamma coincidence experiment has also been carried out. The details of measurements and analysis will be presented.

RIB facility at ORNL and Nuclear Structure Studies of Neutron rich Nuclei

Cyrus Baktash

Oak Ridge National Laboratory, Oak Ridge, Tennesee

The information of nuclear structure far from stability can be extracted from Gross properties like masses, half lives, radii, level densites, Single particle properties like energy, spin, parity and g-factors and Collective properties like low lying spectra (2+, 4+), B(E2) & electromagnetic moments and higher spin states. To measure these observable we need radioactive ion beam, powerful detectors, new experimental techniques and theory to interpret the data. I would like to talk on Radioactive Ion Beam facility at Holifield and broad outline of research programs like nuclear structure, reaction dynamics and nuclear astrophysics. 
Production and utilization of Radioactive Ion beams (RIB) at IUAC,Delhi 
J. J. Das

Inter university accelerator center (IUAC), Aruna Asaf Ali Marg, New Delhi-110067

At IUAC (formerly, Nuclear Science Centre (NSC), New Delhi) we have implemented a facility to produce low energy light radio-active ion beams (RIBs) using (p,n) type of reactions in inverse kinematics. For this purpose primary beams from the 15-UD tandem accelerator was impinged on thin polypropylene foil mounted on a rotating/linearly moving target assembly. For efficiently separating the secondary reaction products from primary beams, the existing recoil mass spectrometer (RMS) HIRA was operated in new ion optics. Suitable hardware modifications were also made. Using this facility, we had extracted 7Be beam of purity better than 99% and spot-size ~4 mm in diameter. This 7Be beam has been utilized in variety of experiments in the energy range of 15 -22 MeV. Typical beam parameters are: intensity 104 pps, angular spread 30 mrad and energy spread + 0.5 MeV.Development of appropriate detector setup/target arrangement were also made to perform these experiments. Details about technical development and experiments carried out can be found in [1]. 


We are also considering the option of an advanced ISOL (Isotope Separator Online) facility for neutron rich radioactive ion beams at our accelerator facility. We find the “photo fission technique” utilizing an electron accelerator as the driver accelerator to be suitable for our requirements [2]. Pioneering R&D for technical evaluation of such a facility was carried out at Holifield Radioactive Beam Facility at Oak Ridge National Laboratory, USA  [3]. A seed proposal was submitted for this purpose in the Xth plan projection of our centre [4]. Some of these aspects will be covered during this talk.
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Neutron rich radioactive ion beams with high power electron beams

Neutron Rich Radioactive Ion Beam Production with High-Power Electron Beams: 

J. R. Beene, T.A. Lewis, W. T. Diamond, J. D. Fox, J. W. Johnson, D. W. Stracener, M. Saltmarsh
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 [4].  Seed proposal for an  advanced ISOL facility for neutron rich beams at NSC:

 J.J. Das and S. K. Datta presented in the workshop for Xth plan projection for NSC held at Delhi on 18th April-2001.

The Recommendations of the Indo-US workshop:

The Indo -US workshop on “Physics with energetic heavy ions and Rare Isotopes” was held at Hotel Taj, Sector 17, Chandigarh from 17-19th Oct. 2005. The workshop was attended by 7 delegates from USA and 48 delegates from India belonging to different Universities and Research Institutions. 

At the end of the Workshop, a Panel discussion was organized where the Indian and US scientists discussed freely the topics of current interest. .It was decided unanimously after the intensive discussion that the following research topics are of current interest and may form the basis for future collaborative efforts between Indian and US scientists:

1. 
Complete Gamma Ray Spectroscopy, including .lifetimes and g- factor measurements.

2.  
Physics of Neutron Rich Nuclei produced from natural or induced fission and from radioactive Ion beams. 

3.
Nuclear Reaction Dynamics at low and intermediate energies.

4. 
Physics with radioactive ion beams, in particular with Coulomb excitations and transfer reactions.

5. 
The study of unstable actinide nuclei by surrogate reactions.

6.
The development of GRETA (Gamma ray energy tracking array) and a Chico-type charged particle detector.

7. 
The need for collaboration in nuclear theory was also emphasized.

It was agreed that the Indian participants would submit their proposals by the end of November, 2005, to the Indian coordinator, Professor I. M. Govil, to form suitable collaboration groups for specific topics of interest, and Professor Umesh Garg, the US coordinator, would work with the respective collaborator(s) from US side. It was also felt that a similar Indo-US workshop may be held in USA to finalize the joint proposals; Prof. Umesh Garg will explore this possibility further. 

At the end of the panel discussion, Dr. I.M. Govil and Dr. Umesh Garg thanked all the US and Indian delegates for their active participation in the Workshop and their keen interest in future collaborative efforts between U.S. and India in this field.

Respectfully submitted

I.M. Govil

Professor Emeritus

Panjab University, Chandigarh, India
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