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Proton Number, Z
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— Nuclear reaction

Hydrogen Neutron Number, N ‘
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r-process

Neutron Number, N

There's a zoo of processes..



Experimental Nuclear Physics

direct measurements using radioactive ion beams - stable ion beam experiments - recoil separators -
charged-particle spectroscopy « indirect measurements - in-beam and activation y-ray spectroscopy *
thermonuclear reaction rate evaluation - active targets « magnetic spectrographs

SECAR (FRIB) CRIB (CNS/RIKEN)
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Computational Astrophysics

core-collapse supernovae - nuclear sensitivity
studies - classical hovae + neutron star mergers
* neutron star-white dwarf mergers « X-ray
bursts + Galactic Chemical Evolution
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Computational Astrophysics

core-collapse supernovae - nuclear sensitivity
studies - classical hovae + neutron star mergers
* neutron star-white dwarf mergers « X-ray
bursts + Galactic Chemical Evolution

Observational Astronomy

metal-poor stars - presolar stardust grains
y-rays - radioactive molecules




Experimental Nuclear Physics

How do nuclear properties like reaction rates and
masses affect the production of elements?

Computational Astrophysics

How do nuclear vs.
astrophysical uncertainties
shape element production?

Observational Astronomy

What can observations tell
us about the astrophysical
sites of element production?




Crab Nebula (M1) Image Credit: Burke-Gaffney Observatory (observatory.smu.ca)


http://observatory.smu.ca

H/He atmosphere




J.Vink, "Supernova Remnant Evolution”in Physics and Evolution of Supernova Remnants (2020)



Cassiopeia A B. W. Grefenstette et al, Nature 506, 339 (2014)



Radioactive isotopes power
the core-collapse supernovae light curves
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Years after the explosion

5°Ni and 44Ti decays dominate the light curve at early and late times

T. Siegert et al,, arXiv:2602.04592 [astro-phl (2026)



Proton Number, Z

| Up to ~4 times difference in
the 44Ti/%°Ni ratio by varying
the 3N(a,p)*°0 reaction rate

S. Subedi et al, Astrophys. J. 898, 5 (2020)

K. Hermansen et al., Astrophys. J. 901, 77 (2020)
Neutron Num ber’ N C.L Fryer et al, arXiv:i2601.04464 lastro-ph] (2026)




Experimental Nuclear Physics

direct measurements using radioactive ion beams - stable ion beam experiments - recoil separators -
charged-particle spectroscopy - indirect measurements - in-beam and activation y-ray spectroscopy
- thermonuclear reaction rate evaluation - active targets - magnetic spectrographs
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SECAR (FRIB) CRIB (CNS/RIKEN)
Computational Astrophysics Observational Astronomy
core-collapse supernovae - nuclear metal-poor stars « presolar stardust grains
sensitivity studies -+ classical novae * neutron p dioacti P lecul S
star mergers « neutron star-white dwarf y-rays - radioactive motecutes

mergers « X-ray bursts « Galactic Chemical
Evolution




What has been done in the past?

1. Indirect measurement (IJCLab, Orsay, France) e SECTEN % =T
A. Meyer et al, Phys. Rev. C 102, 035803 (2020) © soor ;;E E £ 8 . %S
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2. Direct measurement (Argonne, USA)
H. Jayatissa et al,Phys. Rev. C 105, L042802 (2022)
e 13N beam (intensity ~ 1000 s™) with 50% purity
e Measured the cross-section at E.. =33-60MeV
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Particle Identification Plot



© Measure the *3N(a,p)*°O reaction directly
using an intense radioactive ion beam



Ingredients for a nuclear
reaction experiment:

e ion beam - BN . 0w
e target
e detector (s)
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Many opportunities worldwide for nuclear astrophysics research!
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Many opportunities worldwide for nuclear astrophysics research!




The collaboration

28 participants from 6 countries ® I+JZ ;I BB (9 graduate students)
H. Yamaguchi, S. Hayakawa, K. Okawa, F.L. Liu, Q. Zhang

N. Imai, N. Kitamura, S. Hanai, S. Bae, J. Li, Y. Yamamoto (CNS) -

S. Ahn, SM. Cha, GM. Gu (CENS, IBS) - M. Lee, V. Beaty (TUNL) -

S. Kubono (RIKEN) « KY. Chae, C.H. Kim, S.H. Kim (Sungkyunkwan
University) « A. Kim, S. Do (CENuM) - E. Lopez-Saavedra (ANL) + N. lwasa
(Tohoku U) « D. Kahl (FRIB) « M. Sferrazza (UBL) - M. La Cognata, M. La
Commara, R.G. Pizzone (INFN)

%Satha ry's VTUNL “\%

University e s scies Liowwon RLKEN



Ingredients for a nuclear
reaction experiment:

e 10N beam -
e target

"} 13 N (t,,,~10 min)
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Produg“;ggarget CNS RI beam separator (CRIB)

300 Trr, 90 K)

Magnetic
Dipole Scattering

Chamber .
5 m RIBF Proposal NP-AVFGQ, Pl Psaltis
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‘He @ 250 Torr

Intensity
~10°%s™
>90% purity

PPACa

PPACD

Background measurements with argon gas

Tela







Produg“;ggarget CNS RI beam separator (CRIB)

300 Trr, 90 K)

Magnetic
Dipole Scattering

Chamber .
5 m RIBF Proposal NP-AVFGQ, Pl Psaltis
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Future Directions
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New 3N(a,p)©

reaction rate

O Updated simulation & Better understand the

nucleosynthesis models Production of radioactive
Isotopes in core-collapse
supernovae



Conclusions & Outlook




Join our growing group at & taverse
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Saint Mary's University is in Mikmalki, the ancestral and unceded territory of the Mikmaq People

High Impact: Work on experiments at the world's leading facilities (TRIUMF, Argonne, RIKEN, FRIB).
Multidisciplinary Research: Work on projects that bridge the gap between nuclear physics, stellar modeling & astronomy.

Fresh Energy: Join a growing group where you will have a direct hand in shaping our research direction.

Want to stay in touch? < thanassis.psaltis@smu.ca € https./psaltisa.github.io
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