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1. Formation of Complex Nuclei from Basic Constituents

      - What is the effective nucleon-nucleon interaction, and how does QCD constrain it?

       - In what ways does the three-nucleon force alter our understanding of nuclear interactions?

2. Dependence of Nuclear Forces on Proton-to-Neutron Ratios 
       - How does the spin-orbit force depend on isospin?

      - What changes occur in nuclear shell structure far from stability?

       - How do nucleon-nucleon (N-N) correlations in nuclei and nuclear matter evolve with isospin?

3. Understanding Collective Phenomena from Individual Motion

      -What are the different phases, relevant degrees of freedom, and symmetries in the nuclear 

many-body system?

4. Limits of Nuclear Existence
       - Where are the proton and neutron drip lines located?

      - What are the heaviest elements that can exist?

5. Nuclear Matter and Neutron-to-Proton Asymmetry
      - How does the equation of state of nuclear matter vary with neutron-proton asymmetry?

      - What is the magnitude and density dependence of the symmetry energy?

      - What are the characteristics of neutron-rich matter?

6. Astrophysical Relevant Nuclei and Their Impact
      - Which nuclei are key to astrophysical processes?

      - What are their properties, and how do they influence nucleosynthesis models?



FAIR will provide unique 

access to many nuclei relevant 

in explosive nucleosynthesis

Finding Connection

With other Major Science

Projects of India
LIGO-INDIA, SKA, TMT



DESPEC: Identification and decay spectroscopy

of Implanted Ions

India is contributing to DEGAS, MONSTER and MATS 
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What are we made of?

Indian philosophers: 5 building blocks 

P thvī (Earth) – 
solidity, support 

Āpas (Water) – 
liquidity, cohesion

Vāyu (Air) – 
movement, 
dynamism 

Tejas (Fire) – 
transformation, 
energy

So how, where 

and when have 

the elements 

been made? 

Ākāśa (Space/Ether) – emptiness, vibration, containment

Why are some elements much more 
abundant than others?

Gold extracted at 
3000 tonnes/yr 

Iron extracted at 2.5 
billion tonnes/yr 



Stellar Life and the Cosmic Origins of Elements



Willy Fowler
(1911-95)

Foundation of modern theory of 

nuclear astrophysics:

Å Burbidge, Burbidge, Fowler and 

Hoyle (1957)

Å Cameron (1957)

Nobel prize to Willy Fowler (1983)

Solar Abundance

Assumption of a N=82 shell quenching 

leads to a considerable improvement in 

the global abundance fit in r-process 

calculations

N=126N=82

What the Stars have given us



Using 12C(p,p'g)12C reaction at 10.6 MeV of proton energy, the Hoyle state can be 
observed as a triple coincidence events between an outgoing proton (~1.5 MeV), 3.21 
MeV g-ray and 4.44 MeV g-ray
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Excitation energy spectra of 
12C. Inset is the expanded 
view of the lower excitation 
portion.

(a) Singles vs sum of 
coincidence g-energies. Inset 
is the expanded view around 
Hoyle state. (b) Projected 
spectra of the gated portion.

G
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 = 4.01 (30)×10-4

Our finding do not align with 
a recently reported 34% 

increase in the 
G
G

 but is 

consistent with the currently 
accepted value.

Hoyle state
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Study of Hoyle state in 12C



Structure of Hoyle state

×Electron scattering data indicate rms radius of the Hoyle 
state is 1.5 times the ground state value PRL 98, 032501 
(2007)

×Ab-initio lattice calculation: gr. St. and first 2+ state -> 
compact triangular configuration of alpha-cluster

Hoyle state as -> bent arm like structure PRL 109, 252501 
(2012)

Direct Decay

Studied  by VECC group 

from decay of Hoyle state

Strip Detector telescopes

Target

Two DSSD

Result in nutshell 
Decay through sequential 
emission of ‌ ὴὥὶὸὭὧὰὩ
‌ cluster structure of Hoyle 
state
Total Direct decay  0.02 %

T. K. Rana et al. Phys Letts B 793, 130 (2019)
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× Shared Physics Interests between the Indian nuclear physics community 

and GSI.

× Early Involvement in FAIR project development, beginning with the CDR 

phase in 2001.

× Initiated Funding Requests for Indian participation in NUSTAR/FAIR 

starting in 2006.

× Technical Contributions to TDRs of key experiments such as DEGAS, 

MONSTER, and MATS.

× Active Role in R&D for the development of advanced detectors.

× Organized NUSTAR Meetings and Workshops within India to foster 

engagement.

× Expanded Collaborative Scope with NUSTAR to enhance scientific 

cooperation.

Groups involved from India:

TIFR, DU, VECC, IUAC, PU, IIT Ropar, IIT Roorkee, ….

In Collaboration with GSI/FAIR
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DEGAS Detector

Main Getter 

Container

DEGAS fixing

Cluster Detector fixing
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Pulse Shape Analysis, Tracking 

& Imaging

Tracking:   Reconstruct the path of the g to get better P/T and background reduction
Requirements: 

ü Good Energy & Position resolution

ü High granularity

Imaging:  Reconstruct the origin of the g in the implantation plane for the  isomeric decay

Requirements: 

ü  Good Position resolution 

üHigh granularity

üParallel surfaces of particle 

detectors & Ge array

üLarge separation between 

Ge in the stacks 

Eγ = E1+E2+Ephoto

Pulse Shape Analysis: Position information, Interaction depth



GEANT4

Simulation Framework

JULIA

Priyanka et al,  DAE Nucl. Phys. Symposium 2024



Signal Generation

Transient charges for an interaction in DC strip

Signal generation

Electronics Contribution

The general shape of pre-

amplifier response function:

Priyanka et al,  excepted for presentation INPC 2025
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Detector made out of aluminium sheets

CAD drawing of the detector

× TEGIC Electrodes tilted at an angle w.r.t. normal to the beam trajectory Allows 

different trajectory for charge carriers and beam particles 

× Reduced drift length for charge carriers with same active length Faster induced 

charge Count rates ~ 106 pps 

× Reduced probability of recombination/loss of charge carriers 

× Reduced space charge electric field distortion effects Improved energy and DZ 

resolutions 

× Design established at BIG-RIPS (RIKEN) and ORN

Tilted Electrode Gas Ionization Chamber (TEGIC) 

Akhil Jhingan et al., Collaboration: IUAC, DU, PU, TIFR, GSI, JSI 
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Testing of TEGIC with UNILAC – SIS at 

FRS Test run sanctioned: S. Pietri (LEC, 

FAIR-GSI)

× Design Features TEGIC (IUAC -  GSI)
× 21 electrodes: 10 anodes and 11 

cathodes
× Electrodes: 3 ̢m mylar (aluminized 

on both sides)
× stretched and pasted on FR frames.
× Active area of frame: 25 x 12 cm 2.
× Inter - electrode separation: 2 cm
× Active Length: 40 cm
× Housed in aluminium  cuboid 

chamber: 60 x 38 x 24 cm3
× Gas Medium: CF4 or P - 10 at 1 atm.
× Detector to be operated at reduced 

field of 0.25 ð 1 V/cm/mbar

TEGIC) 



Objective

ÇThe MONSTER array being developed for DESPEC (DEcay SPECtroscopy) experiments at 

FAIR, Germany, will consist of 100 (8″×2″) liquid scintillator-based fast-neutron detectors.

ÇThe array will be primarily used to understand the β-decay properties of neutron-rich nuclei.

ÇAs a part of the collaboration, 41 detectors will be developed in India. 

ÇThis measurement is important not only for basic research but also for the applications like 

decay heat calculations in reactor design. In recent compilation work shows the scarcity of 

measured data and need for new experiments.

General view for the 35 detectors of 
MONSTER demonstrator 

Exploded 
drawing view 

of the detector 
full assembly

J. Liang et. al., Nuclear Data Sheets 168, 1 (2020).
P. Dimitriou et. al., Nuclear Data Sheets 173, 144 (2021).

MONSTER detector development @ VECC



Detector Development

Ç 15 MONSTER modules have been fabricated at 

VECC
Ç Detailed characterization is performed with standard 

neutron sources. 

Ç Procurement of components (PMT, scintillator cells 

etc.) for the fabrication of rest of the detectors are  

under progress.

K. Banerjee et. al., Proc. of the DAE Symp. on Nucl. Phys. 58, 

888 (2013). 

T. Martinez et. al. Nuclear Data Sheets 120, 78 (2014) 
A. R. Garcia et. al., Journal of Instrumentation 7, 5 (2012). 



Data Acquisition system

ÇA digital DAQ system being developed using 14 bit, 1 GSamples/s digitizer card ADQ-14 of SP 

Devices.

Ç  Master controller and online visualization are under development 

in collaboration with CIEMAT. 

Ç  Two digital ADC cards have been procured and tested at VECC.

D. Villamarin et.al ., Nucl . Instr. Meth. Phys. Res. A 1055, 
168526 (2023)
A. Banerjee et. al. Proc. of the DAE Symp. on Nucl. Phys.  (2023)



}Overlap of Physics Interest  with GSI group.

} Involvement in Research and Development of DEGAS, Pulse 

Shape Simulation & TEGIC detector.

}MONSTER Neutron detector modules have been fabricated and 

tested. 

}Development of the digital DAQ in collaboration with CIEMAT is 

under progress.

}MOU between VECC and Bose institute has been signed.

}  Request for funding for Indian participation NUSTAR/FAIR 

started in 2006

}Broadening the scope of collaboration in NUSTAR

Groups involved from India:

TIFR, DU, VECC, IUAC, PU, IIT Ropar, IIT Roorkee, ….

In Collaboration with GSI/FAIR



Thank You

S. Mandal
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