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Neutron-capture experiments on unstable

isotopes yield a wealth of information! But…

Uncertainties <20-30% are required!

Only accessible via direct (n,γ) measurements



S-process branchings in the TOF lab: the roadmap

EAR1@186 m
EAR2@20 m

Talk: Adria Casanovas (Monday)
Poster#64 Emmanuel Seyi Odusina
Poster#99 Selin Berencioglu



151Sm 93Zr 63Ni 171Tm 204Tl 94Nb 79Se
Time2001 2025

S-process branchings in the TOF lab: the efforts

151Sm
m = 200 mg
f = 0.9
σ=3b at 30keV

79Se
m = 2.7 mg
f = 7x10-4

σ=0.2 b at 30keV



TP-AGB 

Origin of heaviest
s-isotopes in SS

T in AGBs and in 
M>8M

Isotopic
anomalies in 
SiC-grains

Ni/Cu/Zn 
in M>8M
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S-process branchings in the TOF lab: the efforts
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S-process branchings in the TOF lab: the efforts

CDP et al. EPJ-A 61 (2025)
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79Se

1.0 g of 78Se

2.6 mg of 79Se
1.6 MBq of 60Co
5 MBq of 75Se

The  79Se(n,γ) stellar thermometer

s-only

Sample itself
was the main
challenge!

1.0 g of 78Se
2.8 g of 208Pb

2.8 g of 208Pb

220 ºC
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s-process temperature via the 79Se branching

EAR1@186 m

EAR2@20 m

Future improvements:

 Dedicated separators? Target 
laboratories? Other ideas for improving
sample quality?…

 Alternative direct techniques?

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

Amari et al. Geo. Cosm. Acta 133 (2014) 

79Se(n,γ)



Nuclear Astrophysics Prospects at DONES

• Why unstable isotopes? and why direct (n,γ) measurements?

• Recent (n,γ) measurements with unstable isotopes at CERN n_TOF

• Plans for future direct (n,γ) measurements on s- and i-process isotopes

• Long-term perspectives for direct (n,γ) measurements on short-lived nuclei

• Summary & Outlook

Outline



Different Stellar 
temperatures

kT:0.1~500 keV

10B4C Filters

Be / Al203 moderator

NEAR

n_TOF NEAR: (n,g) activations with very high flux (x~100 EAR2): small masses, unstable isotopes

N. Patronis et al., arXiv (submitted to EPJ-A, 2025)

9x10⁸ n/cm2/pulse → Mass limit ~ 1015 atoms

Activation at NEAR: several MACS possible!

kT = 1keV kT = 35 keV

TOF @ EAR(1+2) + Activation @ NEAR
We are 
here

Poster#237: Jorge Lerendegui
Poster#85: Pablo Pérez Maroto

https://arxiv.org/abs/2209.04443


Goal: Produce samples of relevant 
unstable nuclei at RIB & measure 
MACS at high-flux facility

- NEAR

ISOLDE 
Yields (UCx)

Activation at NEAR: synergy with ISOLDE for radio-isotopically pure samples!

● Example at CERN: ISOLDE + n_TOF-NEAR 

● High flux + proximity: Smaller masses & shorter-lived isotopes 
would be accessible

● Examples: 
○ 59Fe, 134Cs, 135Cs, 148Pm, 154Eu, 155Eu, 160Tb, 

170Tm, and 181Hf (s-process),
○ Cs-137, Ce-144, 66Ni, 72Zn (i-process)

We are 
here TOF @ EAR(1+2) + Activation @ NEAR

J. Lerendegui, S. Carollo et al., 
CERN-INTC-2022-040; INTC-P-641

https://cds.cern.ch/record/2834566
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Activation facility n_Act @ BDF/SHIP 
(SPS,CERN) (>2030)

Flux (a-NEAR x1000) + fast  rabbit 
(T1/2>=min-h)

C. Lederer et al. (n_TOF collaboration)
CERN-SPSC-2024-027 ; SPSC-EOI-023 (2024)

• TOF  Limited by sample quantity and quality (1018 atoms)

• Activation Limited by sample activity (for decay measurement)
New techniques?

Long-term future: brighter neutron flux facilities at CERN

TOF @ EAR(1+2) + Activation @ NEAR TOF @ EAR(1+2) + Activation @ NEAR + n_ACT

https://cds.cern.ch/record/2913936?ln=en


Changing the game. Direct (n,γ) reactions in inverse kinematics

TOF @ EAR(1+2) + Activation @ NEAR TOF @ EAR(1+2) + Activation @ NEAR + n_ACT + Inverse kin.?

• Novel approaches: neutron-sources & rings (LANL, TRIUMF)  Proof-of-concept n-target ongoing @ Los Alamos, Cooper et al., JPCS 2743 (2024)

 LE-customized Storage Ring @ TRIUMF, Dillmann et al. EPJ-A (2023)

 Why not at CERN? 
Spallation neutron
source

RIB Facility

Storage 
Ring

Reifarth et al. Phys. Rev. Accel. Beams 20, 044701 (2017)

RING?
M. Grieser et al., Eur. Phys. J Spec. Top. 207 (2012)

?

Proof-of-concept developments on
both the neutron-target, the ion-
storage and the detection
methods are of great importance!

ISR Project (LS4+?)

https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.20.044701


Summary & outlook
• Complementary (n,γ) activation at 

brighter facilities: NEAR & n_ACT-BDF
• Improve sample production: 

• Synergy with ISOLDE
• Dedicated separators, etc
• New ideas?

• Novel direct techniques in inverse
kinematics

• Proof-of-concept developments for the
neutron target, rings and detection
methods

?
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