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Charged-particle-induced reactions at astro energies

In most astrophysical scenarios, the kinetic energy of interacting nuclei is much lower than
Coulomb repulsive potential:

— Quantum-mechanical tunnelling enables 10° T UM
reactions below the Coulomb barrier 10 o(E) = e *™ S(E)
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At astrophysical energies, the cross section can be O . Olp)
extremely small (fo — nb) and the reaction signal 1071 {
is easily lost in environmental background. 10" L ,
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Environmental background

— Environmental radioactivity: 235238 and 232Th chains and 4°K

—> Cosmic rays: mainly muons at sea level

— Neutrons from (a,n) and spallation
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Why underground?

Rocks can efficiently suppress cosmic ray flux

Depth in standard rock [m]
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Why underground?

+ More effective passive shielding for Ey <3 MeV
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Why underground?
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Why underground?

Si detectors SHe neutron counters
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Underground Nuclear Astrophysics accelerators
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The Laboratory for Underground Nuclear Astrophysics
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The Laboratory for Underground Nuclear Astrophysics
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The Laboratory for Underground Nuclear Astrophysics

LUNA 400 kV
(2000 — ..
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Updates since last NPA conference

2INe(p,y)**Na - Sidhu et al. Physical Review C 112, L052801 (2025) \/

180(p,y)*’F - Publication submitted \/
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Updates since last NPA conference

2INe(p,y)**Na - Sidhu et al. Physical Review C 112, L052801 (2025) \/

180(p,y)*’F - Publication submitted \/

¥N(p,y)**O - Finalizing analysis
23Na(p,a)?°Ne > Analysis in progress

19F(p,y)*°Ne > Analysis in progress WORK |N

PROGRESS

24Mg(p,y)**Al > Analysis in progress
10B(aL,p)13C, 19B(o,d)*C and 9B(a,n)*3N -~ Data taking in progress

27Al(p,0)%*Mg - Data taking in progress
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Updates since last NPA conference

2INe(p,y)**Na - Sidhu et al. Physical Review C 112, L052801 (2025) \/

180(p,y)*’F - Publication submitted \/

¥N(p,y)**O - Finalizing analysis
" THIS TALK

23Na(p,a)?°Ne > Analysis in progress |
19F(p,y)*°Ne > Analysis in progress
24Mg(p,y)**Al > Analysis in progress TALK BY G. SATURNO
10B(aL,p)3C, 19B(o,d)*2C and 1°B(o,n)*3N - Data taking in progress TALK BY M. ALIOTTA

27Al(p,a)**Mg - Data taking in progress POSTER BY S. MONTELLA
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1*N(p,y)*°0 reaction: Bottleneck of the CNO cycle

(Py)
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1*N(p,y)*°0 reaction: Bottleneck of the CNO cycle

E, [keV]
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Transition (keVb) AS14(0) Reference

tr—=0 030+0.11 37% This review

tr = 6.79 1.174+0.03 29% This review

tr — 6.17 0.13+£0.05 38% Adelberger et al. (2011)

tr = 5.18 0.010 £ 0.003 30% Adelberger er al. (2011)

tr(5.24) = 0 0.068 +£ 0.020 30% Adelberger et al. (2011)

R-matrix sum 1.68 +0.13" 7.6%

Additional system 3.5%

unccrlaintyb
Total 1.68+0.14 8.4%
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1*N(p,y)1°0 reaction: Experiment

GOAL: measure partial cross sections down to E_, = 100 keV

Solid Targets TiN sputtered targets (thickness 70 - 140 nm)
on Ta backing produced at LNL

[taliadomani

5

A-BGO detector (6 crystals) + 10 cm lead shielding.

Target characterization through
periodic scan of the 278 keV resonance
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1*N(p,y)1°0 reaction: Analysis technique

Ex=Em+Q
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1*N(p,y)1°0 reaction: Analysis technique
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1*N(p,y)*°0 reaction: Results

Analysis technique tested on 278 keV resonance
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23Na(p,a)?°Ne reaction: Motivation

Stellar models need extensive tuning to reproduce observed
abundances in GCs. The 22Na(p,a)?°Ne reaction affects sodium

abundance, and hence the observed Na-O anti-correlation pattern.

Ventura, D’Antona, A&A 457, 995-1001 (2006)
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23Na(p,a)?°Ne reaction: State of the art

Several resonances contribute to astrophysical reaction rate. Uncertainty ~20 - 40%
[lliadis et al. NPA 841 (2010) 31-250]
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23Na(p,a)?°Ne reaction: Experimental setup

Science and SO
Technology European Research Council
Facilities Council i I ——

Collimator ladder | 3> 4 detection angles 102° <0 < 155°

(not in use) . . .
Cold trap » ~10% geometric efficiency

™

Water cooling

pipes
Reaction
chamber = g\

Target —
holder Turbo pumps

Rastering
magnets

For more details on the setup, see:
Barbierietal. NIM A 1092,171767 (2026)
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23Na(p,a)?°Ne reaction: Experimental setup

Collimator ladder

Cold trap (not in use)

™

Water cooling

pipes
Reaction
chamber s

Target
holder

Rastering
magnets

For more details on the setup, see:
Barbierietal. NIM A 1092, 171767 (2026)
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» 4 detection angles 102° < 0 < 155°
» ~10% geometric efficiency

Aluminised
Mylar foils
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23Na(p,a)?°Ne reaction: 274 keV resonance

Science and

400 ST T
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23Na(p,a)?°Ne reaction: 170 keV resonance

Science and it
Technology European Research Counci
Facilities Council l e European Commission
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    1 . 46  − 0 . 53  + 0 . 58 ∙  10  − 9


  < 2 . 8 ∙  10  − 9


  ( 1 . 2 ± 0 . 4 ) ∙  10  − 9


  ( 2 . 3   ± 0 . 4 ) ∙  10  − 5


  ( 2 . 7 ± 1 . 4 ) ∙  10  − 9


  ( 5 . 4 ± 1 . 3 ) ∙  10  − 5
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  < 0 . 1
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