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Plan of the talk

About IUAC

Accelerators at IUAC

Nuclear physics facilities

A few selected results

Collaborative works
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Major particle accelerator laboratories in India

https://www.mapsofindia.com/states/
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IUAC: The first inter-university centre

Established by the UGC in October, 1984

Earlier known as the Nuclear Science Centre (NSC)

Became a national user facility on July 8, 1991

Primary mandate is to cater to the Indian universities
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User footprints

Provide front-ranking accelerator-based research facilities within the
university system

http://www.iuac.res.in/dash/
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Accelerator: 15UD Pelletron

All ion species (except inert elements)

DC or pulsed (with TWD) operation

Excellent terminal stability, ∆E ≃ 200 keV

Nucl. Instrum. Methods A 268, 334 (1988)
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Accelerator: Superconducting linac

Consists of niobium quarter wave resonators

Operating frequency 97 MHz

Operating accelerating field 4 MV/m

Phys. Rev. ST Accel. Beams 12, 040101 (2009)
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Small accelerators

http://www.iuac.res.in/en/accelerators
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High current injector

Substantial increase in beam current due to higher charge states

Many new beam species to boost nuclear physics research

http://www.iuac.res.in/en/accelerators
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Delhi Light Source

A compact accelerator-based light source to produce THz radiation
based on the principle of Free Electron Laser is currently being
commissioned.

Nucl. Instrum. Methods B 402, 358 (2017)
Proc. IPAC’21 (Campinas, Brazil, 24–28 May 2021) 1633 (2021)
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Research programmes at IUAC

Nuclear physics

Materials science

Atomic and molecular physics

Accelerator mass spectrometry and geochronology

Radiation biology

Nuclear instrumentation

Computational physics

. . .
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Heavy Ion Reaction Analyzer (HIRA)
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Radioactive ion beam facility

Production reaction: p(7Li, 7Be)n

In-flight separation of 7Be by HIRA (with new optics and add-ons)

Primary beam from 15UD Pelletron of IUAC

Energy of 7Be: 15-22 MeV (limited by HIRA deflectors)

Intensity ∼ 104 pps; purity > 99%; Beam spot ∼ 4 mm diameter

Angular divergence: ±30 mrad

Energy spread: ±500 keV

Nucl. Instrum. Methods B 241, 953 (2005)
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RIB: Recent optimization for lower energies

Principal branch: Elab = 15, 19 and 23 MeV

Principal branch: Intensities in the range of 3 - 6 kHz

Satellite branch: Elab = 5, 10 and 15.5 MeV

Satellite branch: Intensities in the range of 1 - 3 kHz

DAE Symp. 2025 (accepted for oral presentation)
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RIB: Beam spot size and purity

DC beam of 7Li (3 - 8 pnA) from the 15UD Pelletron

Elab (7Li) range of 14 - 28 MeV

20 µm thick polypropylene foil (as the proton target)

Size ≃ 4 mm (FWHM) in x , ≃ 6 mm (FWHM) in y

Purity between 96 - 99%

DAE Symp. 2025 (accepted for oral presentation)
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HYbrid Recoil mass Analyzer (HYRA)
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HYRA: Gas-filled mode

Magnetic field region filled with dilute helium

Excellent beam rejection

Higher efficiency due to charge state and velocity focusing

Fusion dynamics studies in A > 200 nuclei

Pramana – J. Phys. 75, 317 (2010)
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General purpose scattering chamber

Installed at the 45o beam line in Beam Hall I

Rotating arms for mounting detectors

Equipped with a pair of multi-wire proportional counters

In-vacuum target transfer system
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National Array of Neutron Detectors (NAND)

Started as a national collaboration between institutes and universities

Array of 100 liquid scintillators of 5”× 5”, commissioned in 2016

Flight path of 1.75 m for TOF set up; thin-walled spherical chamber

Provision to use light charged particle and fission detectors

Talk by N. Saneesh
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Gamma Detector Array (GDA)

A modest array of 12 Compton-suppressed HPGe detectors

Precursor to the Indian National Gamma Array (INGA)

Indian J. Pure Appl. Phys. 27, 660 (1989)
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Indian National Gamma Array (INGA)

An array of Compton-supressed Clover detectors

Maximum 24 Clovers can be accommodated in the array

Total photopeak efficiency of INGA ∼ 5%

Optimized for γ-γ-γ and higher fold data

Can be coupled with auxiliary detectors and add-ons

Nucl. Instrum. Methods A 622, 281 (2010)
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Results

A few selected results
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Role of PQNT channels in fusion: Open questions

Phys. Rev. C 102, 024615 (2020)

Do PQNT channels always lead to fusion enhancement?

Does enhancement depend on magnitude of transfer Q-values?

Do PQNT channels beyond 4n transfer play a role?

What is the role of deformation in intermediate partition?

What is the relative importance of deformation and PQNT?

How does PQNT effect play out in presence of shell closure?
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Role of PQNT channels in Si+Ce systems
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Role of PQNT channels in Si+Ce systems

Comparison of data with microscopic coupled-channels calculations.
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Role of PQNT channels in Si+Ce systems

Comparison of data with empirical coupled-channels calculations.
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Role of PQNT channels in Si+Ce systems

A much stronger influence of neutron transfer channels is inferred in
28Si+142Ce compared to 28Si+140Ce.

Mismatch between experimental results and theoretical predictions in
case of 28Si+142Ce points to the limitations of existing
coupled-channels approaches to interpret the influence of neutron
transfer channels on fusion dynamics comprehensively.
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Deep sub-barrier fusion hindrance
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Experimental challenges

S. Nath, IUAC, New Delhi India-JINR Workshop, NISER, Bhubaneswar November 10 - 12, 2025



30/52

Fusion measurement in F+Ta system
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Fusion measurement in F+Ta system
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Fusion measurement in O+Cd,Ce systems
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Fusion measurement in O+Cd,Ce systems

Fusion hindrance is inferred by extrapolation in both the systems.

The Gaussian analytic recipe for D can be used for determining the
threshold energy for fusion hindrance.

Fusion hindrance is a generic feature of all systems, independent of
entrance channel mass asymmetry.

R. Biswas et al. (under review)
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Stabilizing effect of Z = 82 shell closure
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Stabilizing effect of Z = 82 shell closure

No abrupt enhancement of ER cross sections observed with Z = 82

Enhanced stabilizing effects of Z = 82 shell against fission not found
experimentally.

This is in contrast with the role of shell closure in the SHE region.
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Detection of target-like events in a recoil separator
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Measurement of MNT channels in HIRA

Focal plane spectra for 28Si+94Zr; Elab = 94 MeV, HIRA @6o

S. Kalkal et al., Phys. Rev. C 83, 054607 (2011)
Rohan Biswas et al., Eur. Phys. J A 56, 1 (2020)
Rohan Biswas et al., Eur. Phys. J A 57, 9 (2021)
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CRC results for Si+Zr system

Chandra Kumar et al., Eur. Phys. J. A 59, 277 (2023)
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Proton stripping in O+Ce system
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CRC results for O+Ce system
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Determining shapes of nuclei

David Verney, Eur. Phys. J. A 61, 82 (2025)
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Deformation extracted from QEL scattering

Y. K. Gupta et al., Phys. Lett. B 845, 138120 (2023)
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χ2-distribution for β2 and β4 of
28Si
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Coupled-channels results for Si+Sm system
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Summary of the results for 28Si
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Fusion inhibition in less fissile system

A. C. Berriman et al., Nature (London) 413, 144 (2001)
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No clear signature of quasifission in F+Au system

R. Tripathi et al., Phys. Rev. C 71, 044616 (2005)
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A collaborative experiment
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Details of experiment

R. Tripathi et al., Phys. Rev. C 71, 044616 (2005)
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Measured angular momentum distribution

Langevin dynamical calculations are in progress.

Gonika et al., Proc. DAE Symp. Nucl. Phys. 68, 357 (2024)
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Overlapping interests with FLNR, JINR

Physics with recoil separators

Fusion-fission dynamics by measurement of ER cross sections

Multi-nucleon transfer by detection of target-like events

Determination of fusion barrier from quasi-elastic measurements
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