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Accelerators at VECC

K-500 Superconducting 
Cyclotron

p, d, a, HI (16O, 20Ne, 36Ar) 

Medical Cyclotron (Cyclone-30)

 30 MeV proton cyclotron (500 mA)

 5 beam lines: 3 for isotope production

 Isotopes: 18F, 67Ga, 201Tl,... 

 SPECT and PET facilities

K-130 is the main workhorse for 
the Nuclear Physics Experiments

Kolkata
.

City of Cyclotrons





Compilation and Evaluation of bDN data 

Nuclei with Z > 28 (73Cu  - 233Fr)

 Compilation and Evaluation

Measured values of Pn and T1/2

 For known or potential b-
delayed neutron precursors

 Recommended values of both 
Pn and T1/2

 Comparison of Evaluated data with the 
systematics using three different approaches

Nuclei with Z < 28 (8He  - 80Ni)

Qb- - Sn > 0
Outliers: 79Zn, 86Ge, 94Br, 92Rb, 102Rb, 97Sr, 
105Y, 109-110Nb, 129In, 139Sb, 142I, and 150Cs

Kratz-Herrmann Formula (KHF) Systematic

C = 0, even-even
= 13/A odd-A

= 26/A odd-odd
McCutchan systematic

Systematics based on the Effective Density 
(EDM) Model

Under 
Review



KHF Systematics

McCutchan
Systematics

Z = 35
Z = 46

Z = 52 Z = 55EDM Systematics

Comparison of Pn values with the systematics



Facilities for High-resolution g-ray Spectrometers at VECC

VENUS: VECC array for NUclear Spectroscopy

INGA: Indian National Gamma Array



8

INGA at IUAC, 
New Delhi

VENUS at VECC, 
Kolkata

INGA at  
TIFR

INGA at  
VECC



VENUS: VECC array for NUclear Spectroscopy

Clover HPGe Detectors
 6 CS Clover HPGe

 Horizontal plane configuration

 Flexible angles

 Can be used for both online 
and offline experiments

 VME 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 crystal HPGe

Step-1

Step-2

Step-3

Single Clover HPGe detector
Efficiency

Addback
factor

Md. A. Asgar et al., DAE Symp Nucl Phys. (2016)



First Paper on on-line measurement with VENUS



Soumik Bhattacharya et al. PRC 96, 
044311 (2018)

Gated Spectra and Angular distribution in 199Tl from VENUS data



VENUS appears in the 
cover page of Association 

of Asia Pacific Physical 
Society Bulletin.

Vol. 28 | Number 2 | 
APRIL 2018 Issue



INGA: Indian National Gamma Array

 An array of Clover HPGe detectors pooled 
from different institutions in India

Moves between three accelerator Centres in 
India:

 TIFR, Mumbai

 IUAC, 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.

INGA @ TIFR

INGA @ IUAC

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



INGA setup @ VECC (2017-18)  

 8 CS-Clovers (up to) 
 2 LEPS (up to)
 Digital Data Acquisition
 Fusion evaporation 
reaction using a beam



Support of a strong team of students to work together ! 



A ~ 125 region 

A ~160 region

A ~195 region

Nuclear Chart

A ~ 80 region 

• Nuclei near the line of stability
• 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

Collective & s.p excitations of nuclei in different regions 

A ~130 region 

A ~185 region

A ~ 115 region 

A ~ 50 region 

A ~ 100 region 

Nuclei studied in the INGA@VECC 2017-18 Campaign



A ~165 region, Tm (Z = 69)

A ~ 185 - 200 region 
Tl and Bi (Z = 81, 83)  

Two regions:

Close to Z = 82
 Close to mid-shell

Nuclear Excitations near spherical and Deformed Shell gaps



Shell model nucleonic states

Neutron orbital

Proton orbital

p3/2i13/2

NEUTRONS

h9/2
f7/2

114
100

h11/2

PROTONS

64

Region 
(A)

P-Fermi 
Level

N-Fermi 
Level

190 -
200

Around Z 
= 82

Below N = 
126

165 Mid shell 
50< Z <82

Mid shell 
82< N <126



Proton

82

h9/2

i13/2

e2
e2

Neutron
126

i13/2

Deformation driving Intruder Orbitals

100

106

112

118

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

96

100

102



Effect of shells and shell gaps

 Stability of nuclei near the shell gaps

 Intruder levels

Different modes of excitations

 Shape evolution with spin and iso-spin

 Nature of Particle alignment in rotational 
nucleus 

Two aspects :

Several effects
p n

i13/2

p3/2

p1/2

f5/2

g9/2

i13/2

h9/2

s1/2

126

82

Particle-hole excitations 
in high-j orbitals

Chirality Magnetic 
Rotation



ph11/2  nh11/2 bands in odd-odd Cs (Z = 55) isotopes

134Cs (N = 79)( N = 73) ( N = 75) ( N = 77)128Cs 130Cs
132Cs

Similar situation in A ~ 130 nuclei

Chiral doublet bands

A different band structure 
in 134Cs MR band



Increase in g-softness with increasing 
mass No. (A) in Cs isotopes

Decrease in deformation 
b2 with increasing A in Cs 
isotopes

126Cs

134Cs

H. Pai, GM et al. PRC 84, 
041301(R) (2011)

Theoretical Calculations and shape change in Cs isotopes

TAC Calculations predicts 
different behavior for 
132Cs and 134Cs.

TRS Calculations show 
difference in potential 
energy minima. 



Experiment and data analysis

 Experiments were performed at 
VECC, TIFR, IUAC

 Fusion evaporation and inelastic excitations

INGA and VENUS array

Coincidence relation: g-g matrix, g-g-g cube

Spin, Parity: Angular distribution, DCO Ratio, 
Polarization (DIPDCO and P) and their combination

*

Q polarization sensitivity

Polarization (P) = DIPDCO/Q

13/2+

196Tl E3/M2



N

Z

83

82

81

80

79

107    108    109      110    111    112     113     114    115   116    117     118     119    120    121     122     123

Nuclei around Z = 82

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)



 Onset of deformation at N = 112 for Bi (Z = 83) isotopes. Identification of 
high spin isomer in 195Bi. [PRC85, 064317 (2012), Eur. Phys. J. A (2015) 51: 153] 

 Several MR bands with large multi-qp configuration at high excitation in 
198Bi [ PRC90, 064314 (2014)]

 Systematic study of the ph9/2 bands in odd-A Tl (Z = 81) isotopes reveals 
the persistence of rotational band (deformation) of ph9/2 configuration up to 
N = 120. [PRC88, 044328 (2013); ibid. 064302; PRC98, 044311 (2018)]

 Identification of band crossing in odd-odd 194,196,200Tl [PRC85, 064313 
(2012), PRC95, 014301 (2017)]

 Evidence of MR band in 194Tl [PRC85, 064313 (2012)] 

 Evidence for Multiple Chiral Doublet (McD) bands in odd-A 195Tl  [PLB782
(2018) 768]

Major findings in nuclei around Z = 82

100

126

e2

Neutrons

112



195Tl

185,187Re(13C, xn)195Tl @ 75 MeV
TIFR, Mumbai at INGA with 15 Clovers 

πi13/2⊗ νi-3
13/2 (p3/2f5/2)−1

πh9/2⊗
νi-2

13/2 



Comparison of the Bands B2-B2a and B4-B4a with other 
Chiral partner bands

• First observation of
McD in A = 190 region.

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

• DEav ∼25 keV (Demax =
59 keV) for B4-B4a
represents one of the
best degenerate bands.

T. Roy et al., Phys. Lett. B 782 (2018) 768



1-qp

3-qp

5-qp

Total Routhian Surface (TRS) Calculations: Shape of 195Tl 
For different configuration

The Oblate shape for 1-qp configuration 
changes to a triaxial shape with g ~ + 39o for 3-
qp configuration.

For  5-qp configuration, a stable triaxial
minimum with g ~ + 31o appears.

More number of neutrons in i13/2 orbital gives 
stable triaxiality.

The proton particle in h9/2 and neutron holes in 
i13/2 coupled with the triaxial core provides the 
chiral geometry in 195Tl.

T. Roy et al., Phys. Lett. B 782 (2018) 768



169Tm(32S, 32S’)169Tm*  

@164 MeV at TIFR, Mumbai 
using 19 clovers (INGA)

Inelastic Excitation of 169Tm

[411]1/2+[523]7/2- [541]1/2-

Band crossing identified 
for the first time in 169Tm

Several inter-band E1 
transitions between B1 and B2

* *

* **



Band crossing in Tm isotopes

The alignment in 169Tm has been
found to be Back-bending in nature
similar to 165Tm but in contrast to
its immediate neighbour 167Tm.

This suggests that the interaction
strength between g-band and s-
band in 167Tm is different (higher)
than that in 165Tm and 169Tm.

Md. A. Asgar, T.Roy, GM, et al. , PRC 95, 
031304(R) (2017)

165Tm

167Tm

169Tm

Backbending for 
165,169Tm (N = 96, 100)

Upbending for 167Tm 
(N = 98)



Stronger 
interaction

Weaker 
interaction
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Band Crossing in a Deformed (Midshell) nucleus



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

Cranked Shell Model Calculation

TRS : Very similar ground state 
shape for the Tm isotopes

Single particle Routhians for neutrons

(N = 96) (N = 98) (N = 100)

N = 98 isotope show larger interaction strength at the band 
crossing  forward bending

V

Larger V between
1-qp and 3-qp 
bands for N = 98 
deformed shell gap



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
b2 ~ 0.25 needed to be increased.

This also explains the decay
properties of 162Eu (N = 99)
compared to 160Eu (N = 97)



Proton

50

82

76
h11/2

66

76

e2

68

h9/2d3/2

[411]1/2+ [541]1/2-
Dl = 3
Dj = 3

∼ 0.2 − 2.0 for A = 140-150 (N ~ 88)

∼ 0.12 − 0.44 for 169Tm (N = 100)

Contribution from protons only in 169Tm !!
157Tm (N = 88) would be interesting

pd5/2 – h11/2 nf7/2 – i13/2

pd3/2 – h9/2

E1 transitions : indication of Octupole Correlation in 169Tm ?



Summary
• INGA (at VECC, TIFR and IUAC) and VENUS (VECC) setup play

important roles for g-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 McD 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 169Tm ?


