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: s this realistic?
Which Neutron Captures do we want? > See Stephane’s talk
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Neutron capture rates in n-rich Cs isotopes (ANL+TRIUMF)
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One-neutron transfer reactions
(slide from Trento — 2019)
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* Shell evolution
* Neutron capture cross sections
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Why we shouldn’t do uncorrelated
model uncertainties, anymore...
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| guess we should

DO
* choose next model

* explore the impact of its
parameter uncertainties
(uncorrelated), e.g. BFMC

e collect the results
UNTIL Stephane has no more models




Hauser-Feshbach: Statistical Approach to Neutron Captures

Required input:

* Nuclear Level Density (NLD)

 vy-ray strength function (ySF)

* Optical model potential

+ Direct capture contributions can play a role

* In unstable nuclei the ySF and optical model parameters can
in principle be measured or well constrained via inverse
kinematics experiment

A spyron (A, Z) * First method to directly measure the absolute NLD in short-

lived nuclei1: “Shape method”
s\El
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Excitation energy

Oslo Method: Constraining neutron capture rates
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Reaction-based Oslo in inverse kinematics is hard!

DM, A. Spyrou, I. Dillmann
a. 19.-22. July 2022
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Oslo vs Beta-Oslo

87Rb
—_— 4.97E10y
P 27.83%
B = 100.00%

86Kr
STABLE
17.279%

—

One-neutron
transfer (or similar)

2.2- 103 pps
* In general, B-Oslo is the (far) more sensitive method in terms of how exotic we can go

* In certain cases, B-Oslo cannot be applied because of Q-value and/or spin restrictions
* Itis important to benchmark both methods, populating the same nucleus
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Constraining (n,y) Rates for Exotlc Nuclel via Beta Decay

1. RIBBeam delivery
here: ®°*Mn

FRIB

e 2. population of compound
nucleus via B-decay
here: ®®Mn—>®Fe
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A. Spyrou et. al, Phys.
Rev. Lett. 113, 232502




Constraining (n,y) Rates for Exotic Nuclei

SuN Spectrometer

e 3. statistical decay of

compound beam

SuN- Total Absorption
Spectrometer: A. Simon et al.,
NIM B 703 (2013) 16-21

EX: E’YI + E,Y2+E,Y3 +E,Y4 + ...
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Y . '*La(y,n)'“La data, S.N.Beljaev et al. 1991
3Cs(y,n)'*“Cs data, A.Lepretre et al. 1974
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Partial Level Density p(E) (MeV™)

-
o

Om URRLLLL U RELLL BRI R
o
°
= o
o
~ &
°
\ °
X

-

[[_] Known discrete levels within 1/2* < J* < 9/2*
41Cs B-Oslo data, this work
e Adjusted HFBCS + Stat
e Adjusted HFB + Comb
""""""""" Default HFBCS + Stat
-------------- Default HFB + Comb
Default Microscopic Model Uncertainty

EGRuEERNeReY |, o o 1o 0 oy 0 1y

1 2 3 4 5
Excitation Energy E (MeV)




Total level density (MeV ™)

R- Process: Normalizations and the

OS I O M eth Od from discrete levels
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In exotic nuclei: we don’t know D

- We can’t determine the “slope” a
- use level density model to calculate

p(Sn)?

—
o
N

[ TTTI TTITmw T T TTTIm T

| Also: we don’t know the absolute gSF
2 4 6 8 10 strength (i.e. “B” )
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The Shape Method

Integration bin with
sufficient number of
states
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The Shape Method

M. Wiedeking, M. Guttormsen, A. C. Larsen, F. Zeiser, A. Gorgen, S. N. Liddick, D. Micher, S. Siem, and A.

Spyrou
Phys. Rev. C 104, 014311 — Published 12 July 2021
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Constraining neutron capture rates
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Constraining neutron capture rates
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Constraining neutron capture rates
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Constraining neutron capture rates
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Constraining neutron capture rates
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Shapelt!
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(n, y ) cross section ratio
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Limits from discrete levels
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DM, A. Spyrou et al, PRC Letters 2023
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Neutron capture rates in n-rich Cs isotopes (ANL+TRIUMF)
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Guiding NLD Models Far Away From Stability
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Neutron capture rates in n-rich Cs isotopes (ANL+TRIUMF)
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Z (number of protons)

Probing the Limit of the Statistical Regime:

The High-Fidelity Resonance Mo
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D. Rochman, S. Goriely et al,
Physics Letters B 764 (2017)
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Level Density p(E) (MeV™)
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Hauser-Feshbach vs. Individual Resonances
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The rapid neutron capture process
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Results from SUN@FRIB, MSU
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Results from SUN@FRIB, MSU
June 2025
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Summary + Thank you

3-Oslo: powerful technique for constraining n-capture rates in exotic
nuclei

First constraint of the “°Cs(n,y)**'Cs reaction rate at the limit of
statistical behaviour

Successful first experiment for n-capture rates at FRIB below 132Sn

A. Spyrou, S. Liddick, K. Bosmpotinis, J. Berkman, R.

Lubna, S. Uthayakumaar, et. al. ( )

B. Greaves )

G. Savard, D. Santiago et. al. ( )
S. Goriely ( )

D. Rochman ( )

C. Schlaier ( )
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