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Nuclear Astrophysics at n_ TOF
Some Highlights LS2—LS3

Claudia Lederer-Woods (University of Edinburgh)

on behalf of the n_TOF Collaboration
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Stellar (n,y) Cross Sections —n_TOF's Contribution \/r%
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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



28,29,308i(n,v)

Bulk of 2°Si and 3°Si in Milky Way and Sun
produced in massive stars and ejected during
supernova. %829:30Sj(n,y) cross sections shape
final yields and the relative abundances of °S;j,
and 3°S;.

C/O Core

He She

NTOF

28,29,30Gj(n,y) impact on Si isotopic ratios measured
In SIC grains formed in the outer envelopes of Red

Giants (AGB stars).
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« Scarce and discrepant datasets

« Measurements using highlyisotopically
enriched samples at EAR-1 and EAR-2

30Si(n,y) resonance

; 30Si(n,y) stellar cross section
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Mo isotopic fingerprints in meteoritic grains

Present in meteoritic grains
Excellent testing ground for

AGB star models
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High precision (n,y) measurements

400

350 1

300 1

250 1

MACS (mb)

1501

100

501

on stable Mo Isotopes

]
[=]
o

—— New MACS
—— KADoONIS 1.0 MACS

20 40 60 80
Energy (keV)

R. Mucciola et al.

100



Challenging measurement on radioactive **Nb (T,,~2.10*y) J\TO\F

. Produced In reactor by irradiating hyper
pure °3Nb

. Low mass (304 mg)
. Only ~1% 9*Nb/°3Nb
. 10.1 MB(q activity
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9Se(n,y): a stellar thermometer
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https://doi.org/10.1051/epjconf/202327913001
https://link.springer.com/article/10.1140/epja/s10050-025-01563-z

Eary Solar System (ESS) Radioactivities: 4'Ca(n,a) _nTOF

* presentin ESS
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l |
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Galaxy age ~ 10 Gyr ) Isolation time: 1 - 50 Myr? l e hesear |0 41Ca(n,a) main

destruction channel

« 41Ca sample provided by JRC Geel
« 81.69% isotopically enriched CaF, deposited on aluminium foil
 Consists of (3.23 + 0.32) x 1017 atoms (~20 ug)
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ISOLDE-n_TOF synergy: 13°Cs(n,y)

Collaboration:
IFIC + U. Padova
+ PSI| + ISOLDE &

n_TOF (CERN)

Taioli et al: Branching sensitive to stellar KT
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Production of a "’Cs sample at ISOLDE for (n,7) activation
measurements at n_ TOF-NEAR

E Eckert & Ziegler

Contributing to saving lives
»
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n_ACT@BDF = o

Neutron Activation Station at the SPS Beam Dump Facility

CERN-SPSC-2024-027 / SPSC-EOI-023
CERN-SPSC-2025-038 / SPSC-P-375

BDF vs. n_TOF NEAR
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* 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 nACT

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

Measurements to determine neutron
densities and temperature in stellar
interiors e.g. (n,y) on **Nb, #7Pm, '%3Ho
and 71Tm

Measurements to explain
peculiar abundances in old

stars e.g. (n,y) on '3/Cs,
144Ce

LP625-44

[X/Fe]

: : : '}
= n=10"cm—3, x*=3.15, d=0.9166
== Abate et al, (2015)

Bisterzo et al, (2012)

obs - mod

Key reactions for galactic
radioactivities by double
neutron capture (°°Fe, 182Hf)

Atomic number

M. Hampel et al 2019 ApJ 887 11
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W. Wang et al 2020 ApJ 889 169
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Reaction

Astrophysical Motivation

Link to Proposal

25Mg(n,y)

neutron source s-process

https://cds.cern.ch/record/2921125%7In=en

26Al(n,p/a)

cosmic g ray emitter

https://cds.cern.ch/record/28562367In=en

28,29.30G(n )

Si presolar grain ratios and galactic 2°Si

https://cds.cern.ch/record/28459287In=en

40K (n,a)

exoplanet heating

https://cds.cern.ch/record/28346567In=en

41Ca(n,a)

early solar system radioactivities

https://cds.cern.ch/record/29296247?In=en

%6Fe(n,y)

seed of the s-process

https://cds.cern.ch/record/29122347In=en

63.65Cu(n,y)

S-process in massive stars

https://cds.cern.ch/record/28861277In=en

s-process bottleneck in massive stars

https://cds.cern.ch/record/280994 7?In=en

s-process branching point

https://cds.cern.ch/record/27319627In=en

8'Rb/8’Sr cosmochronometer

https://cds.cern.ch/record/2912215%In=en

s-process branching point

https://cds.cern.ch/record/27319597In=en

https://cds.cern.ch/record/29447337In=en

92,94,95,96,97,98,100)|o(1y)

presolar grain abundances

https://cds.cern.ch/record/2894937?In=en

https://cds.cern.ch/record/27309687In=en

4 ,1238b(n’v)

s-process abundances

https://cds.cern.ch/record/2929687?In=en

135Csg

S-process branching points

https://cds.cern.ch/record/28861267In=en

s-only isotope

https://cds.cern.ch/record/287/2360
https://cds.cern.ch/record/29447267In=en

S-process abundances

https://cds.cern.ch/record/29295537In=en

ZOQBi(n’Y)

endpoint s-process, Th
and U chronometers

https://cds.cern.ch/record/2872409%In=en



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

