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OUTLINE 
• Brief  introduction to neutron capture processes and their 

corresponding stellar sites 
 

• Neutron «producers» (α,n reactions) 
 

• Moderate neutron «consumers» (s-process) 
 

• Compulsive neutron «consumers» (r-process) 
 

• «Back-to-stability»: weak interactions (EC,β-,β+) 
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3 Neutron number 
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Nn ~ 10
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Nn > 10
21 n/cm3 

N=50 
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Neutron number 



Main s-process (A≳90)  Weak s-process 

Main r-process (A≳130)  Weak r-process 

ASYMPTOTIC GIANT BRANCH STARS QUIESCENT BURNINGS OF MASSIVE STARS 

EXPLOSIVE PHASE OF MASSIVE STARS? NEUTRON STARS MERGERS? 
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  CO Core 

He-shell 

H-shell 

Earth radius (~10-2 RSUN) 

Earth-Sun 

(~200 RSUN) 

s-process: 

AGB stars 
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AGB structure 
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AGB structure 
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12C+p 
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AGB structure 
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12C+p 13C+α s-process 
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AGB structure 

10 

12C+p 13C+α s-process 

22Ne+α 
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AGB structure 

11 

12C+p 13C+α s-process 

22Ne+α 

s-process to the surface 



Neutron production: 13C(α,n)16O and 22Ne(α,n)25Mg 

LUNA experiment 
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When T~3x108 K  the 22Ne(α,n)25Mg is efficiently activated 

He-burning in massive stars  

3α→12C 
12C(α,γ)16O 
14N(α,γ)18F(β+)18O(α,γ)22Ne 

τ ≈ 1 Myr 

Courtesy of M. Limongi 

The resulting neutron density is low (~106 n/cm3)…  

…similar to the s-process in AGB stars!!! 

Core He-burning in massive stars provide the so-called  

WEAK COMPONENT of the s-process 
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All (α,n) channels are activated: 
13C(α,n)16O - 17O(α,n)20Ne 
18O(α,n)21Ne - 21Ne(α,n)24Mg 
22Ne(α,n)25Mg - 25Mg(α,n)28Si 
26Mg(α,n)29Si    

The resulting neutron 

density is higher: 

1011-1012 n/cm3 

Shell C-burning in massive stars  

Courtesy of M. Limongi 

12C(12C,α)20Ne  ≈50% 

12C(12C,p)23Na  ≈50% 

12C(12C,n)23Mg 

Recently measured by the  

ASFIN group 

τ ≈ 1 Kyr 



Prantzos+ 2020 



Prantzos+ 2020 

Mazzone+ 2020 
(n,γ) 



Prantzos+ 2020 

Mazzone+ 2020 
(n,γ) 

Tessler+2021 
(n,γ) 

 



Prantzos+ 2020 

Mazzone+ 2020 
(n,γ) 

Tessler+2021 
(n,γ) 

 

Taioli+2022 
(β-) 



Facilities for the s-process  (n,γ)@n_TOF up to … yesterday 



Facilities for the s-(i-)process (n,γ)@n_TOF (2022 campaign) 



Facilities for the s-process: CN@LNL 
Activation measurements of isotopes of interest for the s-process 



Facilities for the s-process: PANDORA 

PANDORA consists of: 
 

1) Superconducting Magnetic Plasma Trap; 
2) HpGe Array; 
3) Plasma Diagnostics System. 

1) β-decay measurements in 

plasmas;  
2) … 



Magneto-rotationally driven SuperNovae 

Main r-process 

Magnetars 

Neutron Star Mergers 
23 (GW170817 Kilonova emission) 



MRD SNe 

Magnetars 

NSMs 



Weak r-process 

• Standard Supernovae? 

 

• Low B MHD-Sne? 

 

• NSMs wind ejecta? 

 



Facilities for the r-process: POLIFEMO 
(POLYcube detector system For Experimental Multimessenger astrOnomy) 

Example of the effect on the r-process yield of the β-

delayed neutron emission. 

 

The effect of Pn is sizeable. 

 

Thank to the availability of a high efficiency 

neutron counter (polycube), successfully used in 

the past in the 8Li(α,n)11B measurement, and of 

the FRAISE facility for the production of short 

lived radioactive nuclei, LNS can play an 

important role in the accurate determination of 

Pn. 
  
 

 



Facilities for the r-process: SPES 

RIBs + surrogate methods 



Theoretical support: sensitivity studies for the r-process 

…and Dynamical Ejecta n-capture in Wind… 

Vescovi+ 2022 Sensitivity study on dynamical ejecta: 

β-decay rates and Pn emissions 

Key isotopes with N=82 

(131In,132Sn,133Sb,134Te,135I) 

LNL Mid-term plan 



A very  hot-topic: Kilonovae lightcurves 

They depend on: 

1. numerical relativity (NR) simulations; 

2. heating rate ε (and thus from nucleosynthesis); 

3. opacities κν 



Facilities for the r-process: PANDORA 

PANDORA consists of: 
 

1) Superconducting Magnetic Plasma Trap; 
2) HpGe Array; 
3) Plasma Diagnostics System. 

1) β-decay measurements in 

plasmas;  
 

2) plasma opacity measurements 
in conditions similar to 
kilonovae ejecta 



Facilities for the r-process: PANDORA 

PANDORA consists of: 
 

1) Superconducting Magnetic Plasma Trap; 
2) HpGe Array; 
3) Plasma Diagnostics System. 

1) β-decay measurements in 

plasmas;  
 

2) plasma opacity measurements 
in conditions similar to 
kilonovae ejecta 

For Ye  0.25 and T typical of blue-kilonova 

emission, selenium plasma as one of the 

most favored for the experiment. 



Facilities for the r-process: PANDORA 

PANDORA consists of: 
 

1) Superconducting Magnetic Plasma Trap; 
2) HpGe Array; 
3) Plasma Diagnostics System. 

1) β-decay measurements in 

plasmas;  
 

2) plasma opacity measurements 
in conditions similar to 
kilonovae ejecta 

Further theoretical support: kilonovae lightcurves code to test opacities and yields 

Ph.D. Thesis of Matteo Bezmalinovich 


