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Astrophysics

Nuclear Astrophysics
(stellar nucleosynthesis)

Advanced nuclear reactors
and Nuclear Astrophysics

Neutron (Gamma) cross-section measurements

(n,g),(n,cp),(n,fis.) ⇆ (g,n),(g,cp), (g,fis.)  

Gamma Factory fully synergize with n_TOF and ISOLDE in all the environments !

ISOLDE

BBN and  Astrophysics
(stellar nucleosynthesis)

p-process, s-process and r process 
nucleosynthesis require reliable 

(γ, n), (γ, p) and (γ, α) reaction cross
sections on hundreds of stable and 

unstable nuclei.



Consequently many physics cases have been described 
in white books/reports

https://www.eli-np.ro/whitebook.php
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Looking for an «unique» experiment at CERN



Bing Bang Nucleosynthesis

Bing  Bang Nucleosynthesis (BBN), together with Hubble expansion and Cosmic Microwave 

Background Radiation   is one of the cornerstones for  Bing Bang  Theory.

BBN gives the sequence of nuclear

reactions leading to the synthesis of light

elements up to Na* in the early stage of

Universe (0.01-1000 sec)

At his first formulation, it depended on 3

parameters:

-the baryon-to-photon ratio h,

-the number of species of neutrino n,

-the lifetime of neutron t.

Nowadays BBN is a parameter free

theory**, being the cross-sections of

reactions involved the only input to the

theory.

*  A.Coc et al., The Astrophysical Journal, 744:158 (2012) 
**D.N. Schramm and T.S Turner, Rev. Mod. Phys 70 (1998) 303

bottleneck A=8



The Cosmological Lithium Problem

BBN successfully predicts the abundances 

of primordial  elements such as 4He, D and 
3He.

* R.H.Cyburt et al., Journal of Cosmology and Astroparticle Physics 11 (2008) 012
**  A.Coc et al., The Astrophysical Journal, 744:158 (2012) 

A serious discrepancy  (factor  2-4) between 

the predicted abundance of  7Li and the value 

inferred by measurements (Spite et al, many 

others.)

Cosmological  Lithium  Problem 

(CLiP)
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Solution to CLiP?

Approximately  95% of primordial  7Li is produced from the 
Electron Capture decay of  7Be (T1/2=53.2 d ?).

A higher destruction rate of  7Be can solve or 
at least partially explain the  CLiP.

n + 7Be           a + a    Q= 19 MeVn + 7Be          p + 7Li  Q= 1.644 MeV

as fas as we know 7Be is destroyed via
(n,p) (~97%) and (n,a) (~2.5%) reactions



7Be available at PSI-Zurich !

Thanks to E. Maugeri, D. Schumann (PSI Villigen)



Experimental setup (INFN-LNS)

n

The double alpha signature is the key capability of the Si-detector to survive 

Many colleagues were very skeptical



7Be(n,a) data analysis 



Impact on Cosmological Lithium Problem

Missing Direct 
Radiative Capture contribution

No p-wave evidence



Spokesperson: a risky job

branching
electronics
    in EAR II

https://home.cern/news/news/experiments/ntof-plays-hide-and-seek-cosmological-lithium



BBN and Photonuclear Reactions

«The nuclear astrophysics program with ELI-NP includes studies of 

(γ,p) and (γ,α) photo-disintegration reactions on light nuclei for Big 

Bang nucleosynthesis (2H, 6−7Li)»

The Gamma Factory provides larger intensity and wider energy range 

(> 20 MeV)

7Be destruction by 

photo-disintegration ? 
   (just at CERN-PSI)

PHYSICAL REVIEW D 67(2003)103521



7Li(g,t)4He @ HIgS

Again back-to-back coincidences

Eg= 4.4-10 MeV
Phys. Rev. C 101, 055801 – 2020



Theory

M. Kawasaki et al JCAP12(2020)048 Phys. Rev. D 90 (2014)083519

H. Ishida, M. Kusakabe, and H. Okada

R.H.Cyburt et al. Updated nucleosynthesis 
constraints on unstable relic particles, 

Phys. Rev. D 67(2003)103521

Journal of Cosmology and Astroparticle Physics



JCAP12(2020)048

Key problem: the BBN photon spectrum should be modified
                 without altering the rest of the network
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