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ü Nuclear structure and reaction studies with accelerators

ü Introduction to INGA

ü Description of the setup

ü Development of Ancillary detectors (10 nsec ï1 micro sec rise times)

Charged particle detectors (Pulse shaping with CsI(Tl))

Fast timing array

Double sided Si strip detectors for Coulex

ü Overview of results

ü Imaging detectors

ü Future direction
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Nuclear Structure and Reaction Dynamics in the Present Era

Facilities

Within India

BARC-TIFR PLF

IUAC

VECC

FRENA

LEHIPA

Reactors

Future accelerator

Within India

Outside India

NUSTAR Experiments 

@FAIR

CERN

SPIRAL

50 Universities

And Institutes

Across India

250+ Researchers

Shell Structure

NN-interaction

Cluster states

Nucleosynthesis

Needhigh currentstablebeams, RIBs, 
gamma beams and nextgeneration 
detectors for addressingoutstanding

questionsin NuclearStructure.

SHE
Equation of State

Precision measurement

Stringent test of models

Impact in different length scale  

How nucleons organize to generate shapes, single particle states, emergence of 

collective motion, their coupling, nuclear clusters, and effect on reaction dynamics



Nuclear Deformation

A delicate balance between forces 

Governed by Shell Effects 



How to measure shapes of nuclei

D. Verney, EPJ A 61:82 (2025).
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Lifetime of excited states

Determine the matrix element describing the mode of decay

between the initial and final state

RP, R Raut AAPPS Bulletin 34 (1) 1-8 (2024)PJN, JFSS, Rep Prog. Phys. 42 1 (1979)



Accelerators within India for nuclear physics 

TIFR

IUAC

VECC

BARC

SINP



BARC- TIFR Pelletron Linac Facility

Superconducting LINAC Booster

Pelletron

Beam hall

Helium Refrigerator

Superbuncher + 3 Modules
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to new beam hall

Analyzing                     magnet

ÅNuclear  Physics
ÅCondensed  matter physics 

(TDPAD)
ÅAtomic physics
ÅRadiochemical  studies
ÅApplications to  medicine & 

environment

Pelletron : 1988-

Linac I : 2002- Linac 

II : 2007-

~860 publications (40 Letters) + ~160 Theses 



Formal agreement between institutions for pooling resources: TIFR, BARC, SINP, 

VECC, IUC-DAEF & IUAC in 2000

Joint Funding received from Dept. of Science & Technology in 2005 for augmenting 

the general pool

DAE funding under regular plan proposals

INGA has a national committee (PICC) with members from TIFR, BARC, VECC,  

SINP, IUAC, UGC-DAE-CSR-KC, Universities and IITs for project implementation, 

coordination,  and the upgrade of the facility.

National collaboration involving about 30 Universities and Institutes within India

Experimental campaigns using INGA in the three accelerators have produced 

excellent physics results in nuclear structure,  developed novel instrumentation, 

innovative experimental & analysis techniques, generated young well trained man 

power, achieved international visibility. In addition, participation of researchers from 

10 Universities and Institutes outside India
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INGA01 INGA03 INGA05 sINGA07 INGA08-9 INGA10- 15 INGA16-26

TIFR NSC VECC TIFR IUAC TIFR TIFR, IUAC, VECC

INGA till date
A boost to the experimental nuclear physics research in India



Novelty in Instrumentation @ IUAC
Development of instrumentation:
Å Energy and timing electronics
Å High density ADC
Å Power supplies for Clover and ACS
Å Multi-crate Data Acquisition system
Å Digital g-multiplicity detection with 

time stamp

S.M et al., NIMA 622, 281 (2010)

INGA01 INGA03 INGA05 sINGA07 INGA08-09 INGA11-14

TIFR NSC VECC TIFR IUAC TIFR

R.P et al., NIMA 680, 90 (2012)

DSP-DAQ has Increased the data 

throughput by 10 times for INGA.

üGain stability & high count rate

üInnovation in data analysis for 

prompt delayed spectroscopy for 

fission fragments.

Novelty in target 
preparation and 
DSAM for molecular 
target.
S.D et al.NIM(2016)
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Past INGA campaigns



DSP based DAQ has Increased the data throughput by 10 times for INGA

BARC, IUAC, IUC-KC, SINP, TIFR, VECC, IITs, Univ

DSP Implementation for INGA

üUp to ~200 channels

üProvision for Ancillary detectors

(CsI(Tl), Si and LaBr3(Ce)) 

RP et al., NIMA 680 90 (2012)        

Digital INGA at TIFR

S. Sahaet al., JINST 11, 03030 (2016).

B. Das et al., Jl. Of Instrum. Soc. Of India 51, 44 (2021).

B. Das et al., NIMA 1048 167928 (2023).

B. Das et al, NIMA 1060, 169030 (2024).

A. Kundu et al., NIMA 1069 169976 (2024).

P. Dey et al. NIMA 1072 170129 (2025).



Detector Array DSP DAQ

Host PC

PC for Storage & Analysis

Å Mounting position for 24 Clovers (ŮP ~5% )

Å 3 at 23o, 40o, 65o, 115o, 140o, 157o and 6 at 90o

Å Detectors -> DSP cards -> PCI Bridge -> PC-> Gigabit -> PC 

DDAQ with INGA



Technical specifications

Á100 MHz & 12-bit ADCós

ÁData rate: 80 MB/sec

ÁParticle ID in CsI detectors using 

digital pulse shaping

ÁTrigger less system

ÁXIA based system

H. Tan et l.,  NSS 08, IEEE (2008) p 3196

Implementation for INGA

üModular so easily expandable

üVersatile with complex trigger

üHigh count rate

üHigh stability

üZero dead-time

üLong lived isomer measurements

R. Palit AIP Conf Proc. 1336 (2011) 573

R. Palit, et al. NIMA 680 (2012) 90

DSP based DAQ for 24 CS-Clovers and Ancillary detectors at TIFR



üSingles measurement with 40 kHz

üData rate: 15 MB/sec

üTrigger less mode

üCross section measurement

90Nb 

60Co

137Cs HPGe Detectorr

High Count Rate Measurements with DDAQ 



üSingles measurement with 60

crystals each counting at  4- 5 kHz

üTotal throughput is 260 kHz

üData rate: 15 MB/sec

üTrigger less mode

üCross section measurement

89Nb 

DDAQ has Increased the data throughput by 10 times for INGA

Angular Distribution & Polarization



ÅA full INGA simulation has been

performed for studying various

propertiesof thearray:

ïPhoto-peakefficiency

ïMultiplicity Filter

S. Sahaet al., JINST 11, 03030 (2016)B. Das et al., NIM A 1060 169030 (2024)

Simulation for INGA



Key experimental questions with Digital INGA 

VReaction dynamics
VCollectivity and exotic shapes
VNovel excitation modes
VOctupole collectivity
VEvolution of shell structure
VHigh-K bands
V Isomer depletion
VFission

Resulted in 105 Publications 

Spin

Isospin
R  Palitet al., EPJA 61(4) 1-36 (2025)

INGA Collaboration 
40 PhD students and 15 Postdocs Fellows
20 Researchers and 4 Engineers
Staff members of BARC-TIFR PLF@TIFR
Central Workshop @ TIFR, LTF @ TIFR

26 Univ/Inst within India,  

8 labs outside India 



How nucleons organize to generate shapes, single particle states, emergence of 

collective motion, their coupling, nuclear clusters, and effect on reaction dynamics

Digital INGA at TIFR (2010 onwards)

B. Das et al., PLB 862 139324 (2025) AK et al., PLB 864, 139441 (2025)

PD et al. NPA  1057, 123035 (2025)

MSRL et al., PRC104, L011301 (2021)   

Shears mode

Octupole particle coupling

Alpha cluster



Key experimental questions with Digital INGA 

VReaction dynamics
VCollectivity and exotic shapes
VNovel excitation modes
VOctupole collectivity (N=56, Z=56)
VEvolution of shell structure
VHigh-K bands
V Isomer depletion
VFission

Spin

Isospin
R  Palitet al., EPJA 61(4) 1-36 (2025)



89Zr
Longest axis rotation

S. SahaὩὸὥὰ., PRC 99, 054301 (2019)

88Sr

B. Das et al., PLB 862 139324 (2025)

Regular band structure near closed shell nuclei and 
novel excitation modes in nuclei

ἮȾἸȾἸȾἯȾ
ṧ ἯȾἯȾ

91Nb
P. Dey et al., PRC 109, 034313 (2024)

Tensor force?

To fully validate, 
further investigation 
N = 50 isotones is 
required. 

High spin in A ~ 90 (N~50, Z~40) region



Key experimental questions with Digital INGA 

VReaction dynamics
VCollectivity and exotic shapes
VNovel excitation modes
VOctupole collectivity (N=56, Z=56)
VEvolution of shell structure
VHigh-K bands
V Isomer depletion
VFission

Spin

Isospin
R  Palitet al., EPJA 61(4) 1-36 (2025)



Single-particle states and (mainly surface) collective 
modes (vibrations and rotations).

The spectra result from their interplay. 
Particle-vibration(Quadrupole/Octupole) coupling

Finding a successful microscopic description for the 
low-lying spectra of odd nuclei is, to a large extent, an 
open question. 

-G. Colo,` * P. F. Bortignon, and G. BocchiPRC 95 034303 (2017)

Particle-Vibration Coupling in many-body system

The concept of phonons is central to Nuclear Structure.

-A. Bohr and B.R. Mottelson

How collective are octupole phonons?

How to couple a particle/hole to the octupole phonon?

What is the nature of collectivity in particle-octupole coupling?



Around Zr, Ba, Ra (static)
Many nuclei can have dynamic effect 
from octupole correlation 

Octupolecorrelations

34 (g9/2ςp 3/2)         56 (h11/2-d5/2)
88 (i13/2  ς f7/2)      134(j15/2ςg9/2)
196 (k17/2ςh11/2)

Octupole magic numbers

Å EDM measurements with Octupole nuclei
Å Relativistic heavy Ion Collision
Å Fission dynamics

Beyond Nuclear Structure:
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Octupole Collectivity



Octupole Collectivity using Lifetime Measurements
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Lifetime of excited states

Hybrid Array HPGeClover ςLaBr3(Ce)

Physics cases:

Isomer depletion

Lifetime measurements for E1 decays, 

Octupole shapes,Gamma bands, Wobbling 

mode, Test of K-hindrance, Collectivity in 

heavy nuclei, Shell model states

Use of HPGe for enhanced, highly selective decay path isolation

and

Use of LaBr3(Ce) for gated sub-nanosecond lifetime measurements

(With other ancillary detectors/set-up (CsI(Tl), Si detectors, plunger )



8% photopeakefficiency at 1 MeV

Hybrid Array HPGeClover ςLaBr3(Ce)

Experiments performed in collaboration by
TIFR, PU, IIT Ropar, BARC, VECC, 
GG Univ, Presidency Univ

B. Das et al., Jl. Of Instrum. Soc. Of India 51, 44 (2021).



LaBr3(Ce)

Sampling frequency of digitizer: 250 MHz (4 ns)

Interpolation technique is used for calculating the more precise time information 

Input Signal

Attenuated Input

Delayed and 
inverted 
Input

CFD signal

Zero crossing time

+

Timing information (Digital CFD)
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Time walk is the systematic shift in the measured arrival 
time of a pulse caused by variations in pulse height, when a 
fixed threshold is used for timing.

Time Walk effect in LaBr3(Ce) using Digital CFD

Vishal et al., to be submitted



Octupole-phonon vibration in Zr isotopes

Mass number

T. Kibédiand R.H. Spear, 
At. Data Nucl. Data Tables 80 (2002) 35-82.

Nuclear Physics confronts RHIC Physics



Particle-phonon coupling in 91Zr



Particle-phonon coupling in 91Zr

Å In 91Zr, one neutron in 2d
5/2

outside 
90Zr core Ÿ g.s. of 5/2 +.

¸ For 11/2- level at E
x
=2170 keV, the 

level lifetime is,    t
1/2 

= 549 ± 31 ps.

¸ The measured B(E3; 11/2īŸ 5/2+ ) = 

18.51 ± 1.23 W.u.

PikuDey et al. NPA  1057, 123035 (2025)



Coulomb excitation in 90Zr isotopes

Preliminary Analysis using GOSIA

Coulomb excitation data of 90Zr for B(E3) strength.

P. Dey et al., 

32S @ 88 MeV on 90Zr



Coulomb excitation in 90Zr isotopes

Preliminary Analysis using GOSIA

Coulomb excitation data of 90Zr for B(E3) strength.

32S @ 88 MeV on 90Zr

India-Poland-Japan-US Collaboration



INGA (HPGeClover det) 

Digital INGA with CPDA
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Alpha transfer reaction for spectroscopy of 54Cr

B. Das et al., EPJA 61, 148 (2025)


