
Dr. Tamás Szücs | Nulcear Astrophysiscs Group | tszucs@atomki.hu | www.atomki.hu

Our present understanding of the 3He(α,γ)7Be key astrophysical 

nuclear reaction

Inaugural workshop on Nuclear Astrochemistry

ECT*, Trento, Italy, 26 February - 1 March 2024

Tamás Szücs



Tamás Szücs | tszucs@atomki.hu | 27.02.2024

Page 2

BBN and solar pp-chain
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Primordial Li problem and the neutrinos from SSM

Vinyoles et al., 
The Astrophysical Journal, 
835, 202 (2017)
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Reaction level scheme
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Nuclear reaction cross section (s) for charged particles

Typical Coulomb barrier height : ~ MeV

Typical temperature kB * T ~ keV

The energy dependence of the cross section 
is dominated by the tunneling probability.

Tunneling probability 
(for relative angular momentum l=0):

∝ exp −𝛼𝑍1𝑍2
𝜇

𝐸
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Extrapolation and the astrophysical S-factor

   ESe
E

1
E 2s

  Be,He 73 

Scenario EG [keV] s

[barn]

Detected 

events/

hour

Sun 

(16 MK)

23 10-17 10-9

Big bang 

(300 MK)

160 10-9 10-1

Geometrical 
cross section

s-wave Coulomb 
Barrier transmission
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SFI and SFII  (Solar fusion cross sections)

SFI: Adelberger et al., Rev. Mod. Phys. 70, 1265 (1998)   SFII: Adelberger et al., Rev. Mod. Phys. 83, 195 (2011) 
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Post-2000 experimental data

B. S. Nara Singh et al, PRL 93, 262503 (2004); D. Bemmerer et al, PRL 97, 122502 (2006);
T. A. D. Brown et al, PRC 76, 055801 (2007); A. Di Leva et al, PRL 102, 232502 (2009);
M. Carmona-Gallardo et al, PRC 86, 032801(R) (2012); 
C. Bordeanu et al, NPA 908, 1 (2013); A. Kontos et al, PRC 87, 065804 (2013)
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Microscopic calculations

T. Kajino et al, ApJ 319, 531 (1987); K. M. Nollett, PRC 63, 054002 (2001);
T. Neff, PRL 106, 042502 (2011); J. Dohet-Eraly et al, PLB 757, 430 (2016)
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Levels of 7Be

Capture datasets cover this energy range

Proposed level, which was not confirmed

Levels known from scattering experiments
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6Li(p,)7Be and the proposed positive parity level

J. J. He et al, PLB 725, 287 (2013) D. Piatti et al, PRC 102, 052802(R) (2020)

T. Szücs et al, PRC 99, 055804 (2019)
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Thin window gas cell

Beam

Entrance foil holder

Water cooled beam stop

Exit foil == Catcher

Both the entrance and exit foils are 10 mm thick Al foil
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Recoil separator

A. Di Leva et al, PRL 102, 232502 (2009)

D. Schürmann et al, NIMA 531, 428 (2004)

A. Di Leva et al, NIMA 595, 381 (2008)
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Windowless gas target

D. Bemmerer et al
(LUNA Collaboration), PRL 97, 
122502 (2006)
Gy. Gyürky et al 
(LUNA Collaboration), PRC 75, 
035805 (2007)
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Windowless gas target

F. Confortola et al (LUNA Collaboration), PRC 75, 065803 (2007)
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recent R-matrix fit

R. J. deBoer et al, PRC 90, 035804 (2014)

D. Odell et al, Frontiers 10, 888476 (2022)
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3He+4He elastic scattering

S. N. Paneru et al, PRC 109, 015802 (2024)
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ANCs from indirect technique

G. G. Kiss et al, PLB 807, 135606 (2020)

D. Odell et al, Frontiers 10, 
888476 (2022)
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Other theoretical models (EFT: Effective Field Theory)

X. Zhang et al, J. Phys. G: Nucl. 
Part. Phys. 47, 054002 (2020)

R. Higa, G. Rupak and A. Vaghani, 
Eur. Phys. J. A 54, 89 (2018)

P. Premarathna and G. Rupak, 
Eur. Phys. J. A 56, 166 (2020)

No-scattering constraint

Scattering constraint from 
a phase shift analysis



Tamás Szücs | tszucs@atomki.hu | 27.02.2024

Page 20

Á. Tóth et al., PRC 108, 025802 (2023)
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Experimental angular distribution of the prompt gamma-rays

S. Turkat et al., Solar Neutrinos -
Proceedings of the 5th International Solar 
Neutrino Conference, p 513 (2019)

X. Zhang et al, J. Phys. G: Nucl. 
Part. Phys. 47, 054002 (2020)

S. Turkat, Ph.D. thesis, Technische
Universität Dresden, 2023
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Experimental angular distribution of the prompt gamma-rays

S. Turkat, Ph.D. thesis, 
Technische Universität 
Dresden, 2023
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New target systems
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Thank you for your attention!


