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Variable Energy Cyclotron Centre

*Accelerator based experimental research
huclear and material science

* Nuclear Data Evaluation

« Experimental high energy physics

*Theoretical nuclear and particle physics
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Accelerators at VECC
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Medical Cyclotron (Cyclone-30) ]

= 30 MeV proton cyclotron (500 uA) 4

= 5 beam lines: 3 for isotope production

= |sotopes: 18F, 67Ga, 201Tl,...

= SPECT and PET facilities




Nuclear Data Services
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New IAEA CRP on Beta-Delayed Neutron Emission
Evaluation

Project Officer: Darwel Abnola  Secondary Officer: Paraskevi Demetnou

INFORMATION ON THIS WEB PAGE IS FOR EXCLUSIVE USE BY Beta-delayed neutron meeting PARTICIPANTS, THE
DATA FROM THIS WEB PAGE SHOULD NOT BE QUOTED OR USED WITHOUT THE EXPLICIT CONSENT OF THE
CONTRIBUTING AUTHOR,

We are pleased to announce that a new Coordinated Research Project on a "Reference Database for
Beta-Delayed Neutron Emission” has been approved by the IAEA.

CRP Objective

The overall CRP Objective is to enhance Member States' (MS) knowledge and calculational
capabilities in the fields of nuclear energy, safeguards, used fuel and waste management and nuclear
sciences by creating a Reference Database for Beta-Delayed Neutron Emission that contains both a
compilation of existing data and recommended data, which will be made readily available to the user
community. The project Is due to start in 2013 and is envisioned to have a length of S years.

Specific Research Objectives

' « Compile the existing beta-delayed neutron data, in particular half-lives, neutron emission

probabilities and neutron spectra for individual precursors

« Produce a priority list for evaluations and new measurements

« Define and document the evalustion methodology and the "Standards” for delayed neutron
emission in different mass reglons

« Produce tools to extrapolate results to unknown nuclel by use of theoretical models or systematic
trends

« Create a reference database of evaluated data for beta-delayed neutron emission

« Re-evaluate the beta-delayed neutron reactor constants in suitable group format for energy
applications and Include In database

Expected Research Outputs

« Reference Database of beta-delayed neutron emission

« Re-evaluation of group reactor constants for beta-delayed neutron emission of fissile actinides
actinides

« Technical document describing the evaluation methodology and the new database




Nuclei with Z < 28 (8He - 8°Ni)

online at www.sci direct.com
o= ScienceDirect Nuclear Data
Sheets
ELSEVIER Nuclear Data Sheets 128 (2015) 131184

www._elsevier.com/locate/nds

Evaluation of Beta-Delayed Neutron Emission Probabilities and Half-Lives for
Z=2-28
M. Birch,! B. Singh,"* L. Dillmann,? D. Abriola,” T.D. Johnson,* E.A. McCuichan,* and A_A. Sonzogni*
! Department of Physiw and Astronomy, McMaster University, Ilamilton, Ontario L8S 4MI, Canada
TRIUMF, Vancouver, British Columbia VET 243, Conada

3 Department of Plysics, TANDAR Loboratory, C.N.E.A., Buenos Atres, Argentina
4 National Nuclear Data Center, Brookhaven National Labmutmy Upton, NY 11973-5000, USA

We present an evaluation and compilation of f-delayed neutron probabilities and half-lives for
nuclei in the region Z — 2 — 28 (*Ie — *°Ni). This article includes the recommended values of these
quantities as well as a compiled list of experimental measurements for each nucleus in the region for
which fi-delayed neutron emission is possible. The Titerature cut-off for this work is August 15
2015. Some notable cases as well as new standards for A-delayed neutron measurements in this mass
region are also discussed.

» Compilation and Evaluation

» Measured values of P, and Ty

» For known or potential 3-
delayed neutron precursors
Qg--5Sn>0

» Recommended values of both
P, and Tl/2

» Comparison of Evaluated data with the
systematics using three different approaches

Compilation and Evaluation of DN data

Nuclei with Z > 28 ("3Cu - 233Fr)

Compilation and Evaluation of Beta-Delayed Neutron Emission Probabilities and
Half-Lives for Z = 28 Precursors

J. Liang,' B. Singh,! E.A. McCutchan,? I. Dillmann,® M. Birch,’ A.A. Sonzogni,> X. Huang,* M. Kang,* J.
Wang,* G. Mukherjee,® K. Banerjee,” D. Abriola,® A. Algora,”® A.A. Chen,' T.D. Johnson,? and K. Miernik®

! Department of Physics and Astronomy, McMaster University, Hamilton, Ontario L88 M1, Canada
?National Nuclear Data Center, Brookh National Lab y, Upton, NY 11973-5000, USA

STRIUMF, Vancouver, British Columbia VET 2A3, Canada
4 China Nuclear Data Center, China Institute of Atomic Energy, Beijing 102418, China U naer
5 Variable Energy Cyclotron Centre, Kolkata 700064, India
STANDAR, Department of Experimental Physics, GIYA, .
CNEA, BI650KNA, San Martin, Buenos Aires, Argentina
TIFIC, C‘SIC—Unwer;etat de lr'afé'r.wmj 46071 Vaiénc:i Spain ReVIeW
Blnstitute of Nuclear Research of the Hungarian Academy of Sciences, Debrecen, H-{001, Hungary
® Faculty of Physics, University of Warsaw, PL 02-093 Warsaw, Poland

We present a compilation and evaluation of experimental 3-delayed neutron emission probabilities
(P,) and halflives (T} ) for known or potential S-delayed neutron precursors with atomic number
Z = 98 (MCu - 2%Fr). This article includes the recommended values of both of these quantities,
together with a compilation of experimental measurements when available. Some notable cases, as
well as proposed standards for 3-delayed neutron nts are also di d. Evaluated data
has also been compared to systematics using three different approaches. The literature cut-off date
for this work is May 2018.
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Comparison of Pn values with the systematics
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Facilities for High-resolution y-ray Spectrometers at VECC

VENUS: VECC array for NUclear Spectroscopy

INGA: Indian National Gamma Array



INGA at
TIFR




VENUS: VECC array for NUclear Spectroscopy

Clover HPGe Detectors

6 Compton Suppressed Clover HPGe Detectors %
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= 6 CS Clover HPGe

= Horizontal plane configuration

| = Flexible angles

= Can be used for both online
and offline experiments

| = VMIE based data acquisition
¥ system

= A few experiments have been
performed.




Geant 4 simulation of the VENUS
VENUS: VECC array for NUclear Spectroscopy: 6 CS clover HPGe detectors

Single Clover HPGe detector
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PHYSICAL REVIEW C 98, 044311 (2018)

First Paper on on-line measurement with VENUS

Yrast and non-yrast spectroscopy of '**

T1 using «-induced reactions

Soumik Bhattacharya,'-? S. Bhattacharyya,">" R. Banik,"? S. Das Gupta,® G. Mukherjee,"> A. Dhal,! S. S. Alam,'?
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Gated Spectra and Angular distribution in 1°°Tl from VENUS data
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CIATION OF ASIA PACIFIC PHYSICAL SO

AAPPS

Volume 28 ' Number 2 | APRIL 2018

VENUS appears in the
cover page of Association
of Asia Pacific Physical
Society Bulletin.

] Measuring Photons from Rotating Nudlei

Vol. 28 | Number 2 |
APRIL 2018 Issue

Feature Articles

*Wolstian of Lepon Flanor Lnerssity
NG New Physics

*Racant Anamalies in the Seré-epmonic
G-mesan Decays




INGA: Indian National Gamma Array

+** An array of Clover HPGe detectors pooled INGA @ IUAC
from different institutions in India |

** Moves between three accelerator Centres in
India:

= TIFR, Mumbai
= JUAC, New Delhi
= VECC, Kolkata

** Upto 24 clovers (experiments performed with
maximum of 22 clovers)

¢ More than 150 publications in peer reviewed
journals and more than 50 Ph.Ds completed.

At present the INGA detectors are at VECC, Kolkata
and IUAC, New Delhi.




INGA se1'up @ VECC (2017-18)
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Nuclei studied in the INGA@VECC 2017-18 Campaign

Collective & s.p excitations of nuclei in different regions

4 <+ Nuclei near the line of stability il
* Some of them close to the spherical shell closures (proton / neutron) - =
* Many of them are in the heavier part of the nuclear chart
* Only possible using light ion beam

Z, nurmber of protons

I A ~185 region
MN=126

A ~160 region

A ~130 region
A~ 125 region

MN=82
A ~ 100 region

A~ 80 region

~MN=50

- Nuclear Chart

M, number of neutrons
_




Nuclear Excitations near spherical and Deformed Shell gaps

Two regions:

v'Closeto Z =82
v’ Close to mid-shell
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=124 | and Bi (Z = 81, 83)

M, number of neutrons
_




Shell model nucleonic states
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Deformation driving Intruder Orbitals

More particle (hole) excited to in high-j orbitals generate deformed shape



Effect of shells and shell gaps

Two aspects :

 Stability of nuclei near the shell gaps

U Intruder levels

Several effects

» Different modes of excitations
» Shape evolution with spin and iso-spin

» Nature of Particle alignment in rotational
nucleus

89/2

| 126
13/ ————— P1/
hy, — @@ fs/
82 P32

S1/2 113/2 S

n \Y

Particle-hole excitations
in high-j orbitals

Chirality Magnetic
Rotation



Similar situation in A ~ 130 nuclei

7th,,, ® vh,,,, bands in odd-odd Cs (Z = 55) isotopes

128 (N = 73) 132Cs (N=77)

130CS N = 75)

134Cs (N = 79)
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A different band structure

in 134Cs = MR band

Chiral doublet bands
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Experiment and data analysis

» Experiments were performed at 1, at 6,, gated by y» at 6>

Rpco =
VECC, TIFR, IUAC I, at 6> gated by y» at 0,
» Fusion evaporation and inelastic excitations a(E, )N — Ny
Arppco = BV v
>INGA and VENUS array a(Ey)N1L + N
> Coincidence relation: y—y matrix, y—y—y cube Polarization (P) = Appc0/Q

1 H . o o . 9 I . . ere .
>Spin, Parity: Angular distribution, DCO Ratio, Q =2 polarization sensitivity

Polarization (Ao and P) and their combination
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Nuclei around Z = 82

Z 1?1 Fo 12 2Fo 1353Fn 124Fa

| lllll“ “lllll
83

202Fb 204Pb | 205Pb
203

8
200Hg
80
107 108 109 110 111 112 114 115 116 117 118 119 120 121
> N

198Hg (Z = 80)

Several isotopes of Tl (Z = 81)

3 isotopes of Bi (Z = 83)

Few isotopes of Po (Z = 84) and At (Z = 85)



Major findings in nuclei around Z = 82

** Onset of deformation at N = 112 for Bi (Z = 3r_.mmanmm_d_
high spin isomer in °>Bi. [PRC85, 064317 (2012 Neutrons

+»* Several MR bands with large multi-qp config | | | '
198Bj [ PRC90, 064314 (2014)]

< Systematic study of the hy , bands in odd-A
the persistence of rotational band (deformatior
N = 120. [PRC88, 044328 (2013); ibid. 064302; P

+» Identification of band crossing in odd-odd 1%
(2012), PRC95, 014301 (2017)]

¢ Evidence of MR band in *°*T| [PRC85, 064313

¢ Evidence for Multiple Chiral Doublet (MyD) bands in odd-A 1%T| [PLB782
(2018) 768]



Physics Letters B 782 (2018) 768-772

Contents lists available at ScienceDirect

FHYSICS LETTERS B

Physics Letters B

www.elsevier.com/locate/physletb

Observation of multiple doubly degenerate bands in '9°TI |

T. Roy *P, G. Mukherjee *®*, Md.A. Asgar®®, S. Bhattacharyya®P°, Soumik Bhattacharya *®,
C. Bhattacharya ab g Bhattacharya®', TK. Ghosh ab g Banerjee ab.c Samir Kundu®P?,
TK. Rana?, P. Roy*?, R. Pandey®®, J. Meena?, A. Dhal?, R. Palit9, S. Saha¥, J. Sethid,
Shital Thakurd, B.S. Naidud, SV. Jadavd, R. Dhonti9, H. Pai¢, A. Goswami®
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* First observation of
My D in A =190 region.

* First observation of
doublet bands with
configuration involving
as large as 5 quasi-
particles.

*AE_, ~25 keV (Ae, ., =
59 keV) for B4-B4a
represents one of the

best degenerate bands.

T. Roy et al., Phys. Lett. B 782 (2018) 768
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Total Routhian Surface (TRS) Calculations: Shape of 1°°Tl
For different configuration

The Oblate shape for 1-gp configuration
changes to a triaxial shape with y ~ + 39° for 3-
gp configuration.

For 5-gp configuration, a stable triaxial
minimum with y ~ + 31° appears.

More number of neutrons in i,;,, orbital gives
stable triaxiality.

The proton particle in hy/, and neutron holes in

i3/, coupled with the triaxial core provides the
chiral geometry in 1°°Tl.

T. Roy et al., Phys. Lett. B 782 (2018) 768
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Band crossing in Tm isotopes
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Cranked Shell Model Calculation

Theoretical calculations in the cranking formalism has been performed with Woods-
Saxon potential and BCS pairing.  nd. A, Asgar et al. , PRC, 95, 031304(R) (2017)

Single particle Routhians for neutrons
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The structure of deformed neutron-rich nuclei in the rare-earth region is of significant interest for both
the astrophysics and nuclear structure fields. At present, a complete explanation for the observed peak
in the elemental abundances at A ~ 160 eludes astrophysicists, and models depend on accurate quantities,
such as masses, lifetimes, and branching ratios of deformed neutron-rich nuclei in this region. Unusual
nuclear structure effects are also observed, such as the unexpectedly low energies of the first 27 levels in
some even-even nuclei at N =98. In order to address these issues, mass and f-decay spectroscopy
measurements of the '*Euy; and '“Eug, nuclei were performed at the Califomium Rare Isotope Breeder
Upgrade radioactive beam facility at Argonne National Laboratory. Evidence for a gap in the single-particle
neutron energies at N = 98 and for large deformation (ff> ~ 0.3) is discussed in relation to the unusual

Recent Evidence for N = 98 deformed shell gap

In order to explain the 2+ energies
of the neutron rich even-even
nuclei around Z = 64 mid-shell
nuclei, the energy gap at N = 98 at
B, ~ 0.25 needed to be increased.

This also explains the decay
properties of 1%2Eu (N 99)
compared to %°Eu (N = 97)
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E1l transitions : indication of Octupole Correlation in %°Tm ?
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Contribution from protons only in 16°Tm !!
157Tm (N = 88) would be interesting



Summary

INGA (at VECC, TIFR and IUAC) and VENUS (VECC) setup play
important roles for y-ray spectroscopic studies in India.

Structural changes observed both with neutron number and
angular momentum for the nuclei near the shell gaps.

Different aspect of structural phenomena have been revealed
in nuclei near Z = 82 shell closure including chiral doublet
bands and first observation of My D in A =190 region.

Difference in the band crossing phenomena in Tm isotopes
are understood from the deformed shell gap at N = 98.

Is there octupole correlation in 1%°Tm ?
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