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ELECTROMAGNETIC AND PARTICLE RADIATION FOR INVESTIGATING MATTER 

Radiation Chemistry 
(Macromolecular
Chemistry

Radiation Biology 
(Stress Biology)

Material Science using 
ion beams and radio-isotopes

Trace Element Sciences 

Nuclear Physics 

….Where the science 
come out from the 
depth of gammas….



Variable Energy Cyclotron Centre (DAE)  @ Kolkata

K130 cyclotron at VECC 
operational since July, 1977

alpha, proton & heavy-ion beams 
@ 7-10 MeV/nucleon

research in nuclear structure 
and dynamics, material science, 

radiation chemistry
spreading out, moving ahead ……….



Experimental facilities at K-130 cyclotron

Light

Light-ion beams 

Proton : 7 – 20 MeV 

Deuteron : 15 – 30 MeV 

Alpha : 28 – 60 MeV 

Heavy-ion beams

12C, 16O, 20Ne, 40Ar, etc

Energy :        8 – 10 MeV/A

Unique in the Country:

The high-energy alpha beam 

The Higher energy of heavy-

ion beams 

Beams of inert gases
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Digital DAQ of UGC-DAE CSR, KC

Conventional NIM Electronics @ IUAC
Indigenous development both at the
NIM & CAMAC level.

Lustrous

DSP based DAQ based on recursive
algorithms, following the pioneering
work by Knoll and co-workers :

compact, fast, efficient, improved
throughput



Physics with INGA @VECC Campaign 

publications;
theses;

conf. presentations



Pixie-16 (XIA LLC) modules with 12-bit 250 MHz ADC for 
digitization

16-channels to support 3 Compton suppressed Clover 
detectors. (Clovers: channels#0-11 & ACS:channels#12-14)

Firmware conceptualized by UGC-DAE CSR, Kolkata Centre 
& Implemented by XIA LLC (Dr. H. Tan et al.) 

Successfully porting the knowledge of pulse processing in 
the analog domain to the digital real estate !!!

Compton suppressed Multiplicity based trigger 

Discerningly triggerless !

Digital DAQ of UGC-DAE CSR, Kolkata Centre



PIXIE-16 Architecture

housed in 14-slot PXI crates & controlled through PXI-PCI
controller 

bridged to the host computer through fiber optic cable
http://www.xia.com



Discerningly Triggerless !

Triggerless: Running the system 
in (Compton suppressed) singles 

mode.
(Who needs those Compton 

events, anyway?)

Surprise: - coincidence rate 
preserved.

(The merit of graduating to a 
digital daq with Compton 

suppression enabled)

Proof: Near identical matrix 
projection & gated spectra 

generated from coincidence and 
singles data.

Impossible in the analog domain……………………



Provision for ancillary detectors !

Evolving Physics Objectives:
Incorporation of ancillary detectors.

The ancillary detectors with varying trigger logic





IUCPIX for data analysis of data from 
INGA@VECC

1. Matrix of increased dimensions (resolution):
8192x8192

2. Prompt-delayed - matrix: isomer identification

3. LEPS gated - matrix: clean channel

IUCPIX is the software package developed by the
Nuclear Physics Group at the Kolkata Centre for
processing the data acquired with the digital DAQ
system of the Centre. It has several component codes
for data simplification, time sequencing and data
reduction.



 @ 48 MeV + natTi  49V* 
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Level Structure of 78Se 

Z = 28 and N = 50
(k

eV
)

Se-isotopes

l= 4

j = 9/2

l= 1

j = 3/2

l = 3
j = 3

 @ 30 MeV + 76Ge  80Se* 

Anagha Chakraborty

PHYSICAL REVIEW C 105, 034328 (2022)



Exotic Shape of the 100Ru Nucleus 
Chattopadhyay et al. (SINP, Kolkata)

100Mo(,4n) 100Ru @ Elab. = 50 MeV
stable octupole deformation

(from the RAL of a pair of neutrons 
in presence of strong octupole 

correlations)



Deformation & Collectivity in the Z~50 Nuclei 

Bhattacharyya et al. (VECC, Kolkata)

130Te(,3n) @ Elab. = 38 MeV
non-yrast band structures; 

triaxiality

additional work (using test setup for INGA)

(Z=54, N=77)

(Z=51, N=66)

along with single particle excitations in the low energy regime



Multi-nucleon transfer reaction: 
136Xe beam + 208Pb/238U target 
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L. Kaya et al., Phys. Rev. C 98, 014309 (2018)

INGA Expt.: R. Banik et al. PRC, 101

 Large gain in statistics
 New transitions are observed



Sarmistha Bhattacharyya

Observation of 72 new transitions !!
Structural evolution from gamma soft to triaxial



Effect of N=110 Deformed Shell Gap on Nuclear 
Shape : Story of 187Os

184W(,3n)187Os @ E = 36 MeV

Os positioned between prolate deformed rare earths &
spherical Pb nuclei. Odd-A Os isotopes exhibit rotational
bands based on different multi-quasiparticle configurations.

100.7

26

H. Sodan et al., Nucl. Phys. A237 

(1975) 333



• More than 90 new transitions are placed in the level scheme.

• Bands based on nh9/2 and ni13/2 have been extended beyond first particle 
alignment.

• These two bands are built on high W orbital but show energy staggering at 
higher angular momentum  Triaxiality ?

• Gamma bands with 1-phonon and 2-phonon excitations have been identified 
for the first time in this nucleus.



Twin Bands (Pseudo – Nilsson doublet) 

Pseudo spin symmetry between two rotational bands arises 
when the configurations differs by

W=1; L=2 

Can be explained by considering Pseudo Nilsson quantum no.: 
N’=N -1,  L’=L-1, W’=W

 Expt. Observation: Nearly degenerate bands with different 
configurations (as above)

The known twin Nilsson doublet bands in 187Os are extended to 
27/2- state. Pseudo spin symmetry seems to breakdown at 
higher spins  Change in structure H. Sodan et al., Nucl. Phys. A237 

(1975) 333



Gopal Mukherjee





The 1 TB (!) Experiment with Digital INGA @ VECC
quest for tetrahedral symmetry, T. Bhattacharjee et al.

search in 152Sm .... experimental signature: E3 transitions 
(from TD -> GSB)

E3 transitions expected to appear predominantly in singles
with no coincident gamma

gamma-gamma trigger would exclude them from acquisition
entire data acquired in SINGLES mode

(setup of 12 CS HPGe clovers)

DATA VOLUME ~ 1 TB
(did the DAQ perform as per expectations!!!!!!!) 



Experiment using Digital INGA @ VECC
[Probing Ground State Spin-Parity of 178Ta (SSSIHL)]

175Lu(,n) @ Elab. ~ 21 MeV
(minimum -beam energy at VECC ~ 28 MeV 

use of Al degraders…..)

un-optimized optics of degraded beam in channel # 3…low 
statistics of production 

migration to channel # 1 (current ~ 500 nA) for irradiation 

decay of 1+ (t1/2 ~ 9.3 minutes) and 7-

(t1/2 ~ 2.4 hrs.) tracked (code for time 
slicing the data developed)





Extended Use of the Digital DAQ
trace acquisition & analysis 

merit of digital DAQ: acquisition of trace for detector pulse
understanding/optimization of pulse processing algorithms 

raw trace ff output

ZCP
before ZCP after ZCP

ROOT based code developed by NP Group @ UGC-DAE CSR, KC



Looking ahead to a DIGITAL INGA campaign with 
heavy-ions (20Ne, 16O…….) at VECC



Local INGA Group

(VECC, SINP, UGC-DAE-CSR)




