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• Slow neutron capture process 
produces ~50% of heavy elements 
between Fe and Bi

• Neutron capture (n,γ) cross sections 
in keV region are key



Milazzo, P.M.; Lederer-Woods, C.; Mengoni, A., on behalf of The n_TOF Collaboration. The Nuclear Astrophysics Program at the CERN 

n_TOF Facility: Results and Perspectives. Universe2025,11, 329

Stellar (n,γ) Cross Sections – n_TOF’s Contribution



28,29,30Si(n,γ)

Bulk of  29Si and 30Si in Milky Way and Sun 

produced in massive stars and ejected during 

supernova. 28,29,30Si(n,γ) cross sections shape 

final yields and the relative abundances of 29Si, 

and 30Si.
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28,29,30Si(n,γ) impact on Si isotopic ratios measured 

in SiC grains formed in the outer envelopes of Red 

Giants (AGB stars). 

PHYSICAL REVIEW C 67, 062802R(2003)



28,29,30Si(n,γ) 

• Scarce and discrepant datasets

• Measurements using highlyisotopically

enriched samples at EAR-1 and EAR-2 

M. Spelta, F. Garcia-Infantes et al. 

C6D6 detectors EAR-1

30Si(n,γ) resonance
30Si(n,γ) stellar cross section



Mo isotopic fingerprints in meteoritic grains

• Present in meteoritic grains 

• Excellent testing ground for 

AGB star models

High precision (n,γ) measurements 

on stable Mo isotopes

94Mo

R. Mucciola et al. 



● Produced In reactor by irradiating hyper 

pure 93Nb

● Low mass (304 mg)

● Only ~1% 94Nb/93Nb

● 10.1 MBq activity

High sensitivity sTED setup @ EAR2 :
https://doi.org/10.1016/j.nima.2024.170110

https://doi.org/10.1016/j.nima.2024.169385

Challenging measurement on radioactive 94Nb (T1/2~2.104 y)

J. Balibrea-Correa et al. (paper in prep.)

https://doi.org/10.1016/j.nima.2024.170110
https://doi.org/10.1016/j.nima.2024.169385


79Se(n,ɣ): a stellar thermometer

Lerendegui-Marco, J. et al., EPJ Web Conf. 279, 13001 (2023)

C. Domingo-Pardo et al., Eur. Phys. J. A 61, 105 (2025).

i-TED @ EAR1 s-TED @ EAR2

m = 2.6 mg

(T1/2,terr~3.105 y)

https://doi.org/10.1051/epjconf/202327913001
https://link.springer.com/article/10.1140/epja/s10050-025-01563-z


Eary Solar System (ESS) Radioactivities: 41Ca(n,α)

S. Birincioglu et al.

• 41Ca sample provided by JRC Geel

• 81.69% isotopically enriched CaF2 deposited on aluminium foil

• Consists of (3.23 ± 0.32) × 1017 atoms (~20 ug)

41Ca(n,α0)

41Ca(n,α1)

• “short lived” T1/2~104 y

• present in ESS

• likely source: massive 

stars in same molecular 

cloud

• 41Ca(n,α) main 

destruction channel



ISOLDE-n_TOF synergy: 135Cs(n,ɣ) 

n_TOF- NEAR

Collaboration: 

IFIC + U. Padova 

+ PSI + ISOLDE & 

n_TOF (CERN)

Mass separation 

starting from 
137Cs solution 

135Cs/137Cs ~ 0.7

Goals of the 

experiment: 

30 keV:

Validation 

(previous data)

~8 keV: 

Extend to lower 

kT (first ever 

measurement).

Taioli et al: Branching sensitive to stellar kT

Moderator + filters: Tunable “temperature”

1.8x1015  135Cs atoms



• Parasitic use for neutron cross section measurements
• Unique installation providing ultra high neutron fluxes over a wide energy 

range for activation measurements – complementary to n_TOF capabilities
• Maxwellian-like  spectrum obtained by using neutron absorbers
• Proximity to ISOLDE – measurements on radioactive nuclei 
• World-first measurements of key reactions for nuclear astrophysics and 

nuclear applications

n_ACT@BDF
Neutron Activation Station at the SPS Beam Dump Facility

CERN-SPSC-2024-027 / SPSC-EOI-023

CERN-SPSC-2025-038 / SPSC-P-375



Measurements to explain 
peculiar abundances in old 

stars e.g. (n,γ) on 137Cs, 
144Ce

Key reactions for galactic 
radioactivities by double 

neutron capture (60Fe, 182Hf)

Measurements to determine neutron 
densities and temperature in stellar 

interiors e.g. (n,γ) on 94Nb, 147Pm, 163Ho 
and 171Tm 

M. Hampel et al 2019 ApJ 887 11

n_ACT@BDF
Neutron Activation Station at the SPS Beam Dump Facility

W. Wang et al 2020 ApJ 889 169



Reaction Astrophysical Motivation Link to Proposal

25Mg(n,γ) neutron source s-process https://cds.cern.ch/record/2921125?ln=en

26Al(n,p/α) cosmic g ray emitter https://cds.cern.ch/record/2856236?ln=en

28,29,30Si(n,γ) Si presolar grain ratios and galactic 29Si https://cds.cern.ch/record/2845928?ln=en

40K(n,α) exoplanet heating https://cds.cern.ch/record/2834656?ln=en

41Ca(n,α) early solar system radioactivities https://cds.cern.ch/record/2929624?ln=en

56Fe(n,γ) seed of the s-process https://cds.cern.ch/record/2912234?ln=en

63,65Cu(n,γ) s-process in massive stars https://cds.cern.ch/record/2886127?ln=en

64Ni(n γ) s-process bottleneck in massive stars https://cds.cern.ch/record/2809947?ln=en

79Se(n,γ) s-process branching point https://cds.cern.ch/record/2731962?ln=en

87Sr(n,γ) 87Rb/87Sr cosmochronometer https://cds.cern.ch/record/2912215?ln=en

94Nb(n,γ) s-process branching point https://cds.cern.ch/record/2731959?ln=en

https://cds.cern.ch/record/2944733?ln=en

92,94,95,96,97,98,100Mo(n,γ) presolar grain abundances https://cds.cern.ch/record/2894937?ln=en

https://cds.cern.ch/record/2730968?ln=en

121,123Sb(n,γ) s-process abundances https://cds.cern.ch/record/2929687?ln=en

135Cs s-process branching points https://cds.cern.ch/record/2886126?ln=en

146Nd(n,γ) s-only isotope https://cds.cern.ch/record/2872360

https://cds.cern.ch/record/2944726?ln=en

164Er(n,γ) s-process abundances https://cds.cern.ch/record/2929553?ln=en

209Bi(n,γ) endpoint s-process, Th

and U chronometers

https://cds.cern.ch/record/2872409?ln=en

https://cds.cern.ch/record/2731959?ln=en
https://cds.cern.ch/record/2894937?ln=en
https://cds.cern.ch/record/2872360

