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Nuclear Level Density
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y-ray strength function

(L) (Ey B Jimy)

fxi(Ey, Ei Jiy i) = gz p(Ep, Ji )

« (D)E)E,, E; Ji, m;): Average decay width with y-ray
energy E, from excitation bin with energy E;, spin
J; and parity r;

 p(E; J;, ;). Level density

« X: Electric/magnetic

o E.. | | | AEx « L: Multipolarity, L=1,2,3,...
— H « In general: L=1 will dominate
« Upwards strength or downwards strength
S R (excitation/de-excitation)
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» y-ray energy

Oslo Method
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Hauser-Feshbach calculations

Oslo Method

Nuclear
level density

Y-ray Hauser- Reaction
strength Feshbach cross sections
function model

Optical
mode
potential
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Nucleosynthesis

Stable nuclei
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Figure credit: F. Timmes, http://cococubed.asu.edu/images/nuclide_chart/table_nuclei04.pdf



Nucleosynthesis
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Nal(Tl) or LaBr3(Ce)

Oslo Method Experiment

* Typical reactions
* (p,p), (dp), (p,d), (@, P), (a,

p’ / Si AE-E
a’), (*He, a), etc. telescope

« Particle—y coincidences \ 40 — 540

o—
« Excitation energy found from ‘

. . . 57
kinematic reconstruction Target nucleus, >'Fe

~
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Oslo Method Experiment

Absorber (Aluminum foil) 10 um
to shield from electrons

|

E silicon detector 1.55 mm
. (single segments)

I 14000 -
12000 |-
DE silicon detector 130 um E
(eight segments) 10000
—~ 8000 [~
We know: 3 i
1) Beam particle and energy W 6000 —
2) Target nucleus = E
3) Scattered particle, scattering angle 4000 F-
and energy :
Can determine initial energy of excited 2000
nucleus! B e o
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The Oslo Method

To extract NLD and ySF: Need the first- Raw excitation energy versus y-ray energy matrix

generation matrix 3 ™
o : _ 10000 4 L 10%
« Each excitation energy bin contains the .- z
distribution of the first gamma-ray emitted “
in cascades de-populating the bin o 80007 Lo3
> ;
» Starting point for the Oslo Method: Raw 3 .
excitation energy versus gamma-ray g J 2
energy matrix s 10
£ 4000 ;
-4 steps to get to the NLD and ySF: & !
1. Unfolding Method 2000 | 10°
2. First Generation Method 4 g N S L
3. Extraction of NLD and ySF from first- 0[5 Borultit ity st e 6 s b 10
eneration matrix 0 2000 4000 6000 8000 10000
g - . y-ray energy [keV]
4. Normalization S7Fe(p.p'y)'Fe
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57Fe data from Oslo Method Workshop 2016



Unfolding Method - Example °’Fe(p,p’y)°’Fe
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E, (MeV)

First Generation Method 2173 2
Why: Each excitation bin in unfolded -
spectra contains all gamma-rays 1.723 . 3
emitted in the cascades de-populating E2 E3
the bin. We only want the first transition
in the cascades 0.0 ' 0+

*Solution: All excitation bins below a .
certain excitation bin will contain all
transitions except those depopulating
the bin.

*How: Iteratively subtract a weighted I
sum of all underlying bins

Counts

»
»

0.450 MeV 1.723 MeV 2173 MeV
Energy
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Extraction of NLD and gSF

First-generation Matrix (°’Fe(p,p’y)°"Fe)
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— 5000 10
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(&)
X
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10°

0 1000 2000 3000 4000 5000 6000 7000 8000
y-ray energy [keV]
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P(E,E,) x T(E,) - p(Ef = E; — E)

=T (E,): y-ray transmission coefficient

"p(Ef = Ej

— E,): Level density at final

excitation energy Ef

P (ELE

fL=1(Ey) =

o T(E,)p(Ex — E})
Ex_ ET inT(Ey)p(E _ Ey)

[fe1(Ey) + fus(Ey)]| =

27TE3
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10° £ 57
" . g Oslo data Fe
Normalization of NLD and gSF T Koo
a 10° E o P from neutron res. data
= Why: Theoretical FG matrix is g : l
invariant under transformation of NLD L
and transmission coefficient g0
p(Ex — Ey) = Ap(Ex — Ey)ea(Ex_Ey) : S

r(E, — = 22 37

T(Ex — Ey) = BT (Ey)e*™ 10 e i
= Solution: Compare with external data R R 11—

0 1 2 3 4 5 6 7 8
Excitation energy E (MeV)

to find A, B, a coefficients that gives the
physical transformation

-

<
o
[

» How: Comparison with neutron
resonance spacing, average radiative
width and level density from discrete

v-ray strength function (MeV™)

10—9 =
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Oslo Method in Inverse Kinematics

“Normal” kinematics Inverse kinematics
Particle
telescope Particle

telescope

7’
‘ p, d, *He, a
4

A
Heavy ion
beam
Target
p, d, 3He, a
Target C2Ds
arge ‘y- ray
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Oslo Method in Inverse Kinematics

“Normal” kinematics Inverse kinematics

%6Ni(d,p)9"Ni d(%Ni,p)%"Ni
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1S559: Oslo Method with d(°®Ni, p)°’Ni

* MINIBALL array at HIE-ISOLDE

» C-REX particle array

* 6 large volume LaBr;:Ce detectors
* 4.5 MeV/u %Ni beam

» About 11 pA for 140 hours
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%Ni(n,y) — i-process bottleneck

High %6Ni(n, y) cross section

Isotoplc Chart for tlmestep 973
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Low ©6Ni(n, y) cross section

Isotoplc Chart for tlmestep 973
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Normalization of the NLD: /N

* No neutron resonance data -

. ¢ Exp. t p(Sn)
* No NLD at neutron separation energy ol Shell model ---- - Known levels
- Incomplete level scheme g h lodel coo e+
. Eew k level - Model £30 —— CT '
ew known levels ) BSFG HFB 4

Fit region

« Solution: Normalize to the NLD from large scale
shell model calculation

* Use normalized NLD to estimate NLD at
neutron separation energy

Nuclear level density [1/MeV]
—
<

Excitation energy [MeV]

V. W. Ingeberg et al., In preparation
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Normalization of gSF: °/Ni

*NoO neutron resonance data
* No average radiative width

Luckily: E1 strength measurements
from Coulomb excitation of %8N

« Can perform a model dependent
extrapolation of the ySF

UNIVERSITY HIE-ISOLDE Physics Workshop
OF OSLO 24.05.2023

y-ray strength function [1/MeV?]

107°

10~®

1077

~-ray energy [MeV]

V. W. Ingeberg et al., In preparation
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Neutron capture rate: °°N;

10° >

g 101 = \\
< i ;
5 100 = I
5 i I
R l \
7 10 g TALYS max/min Mean .
2 . --- TALYS default -- - JENDL-5
S 2| - IBEF-3.3 TENDL

: +1lo +20

i +30

10—3 RN AR RN Ll
1077 1072 101 10° 10!
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HIE-ISOLDE Physics Workshop

24.05.2023

Neutron energy [MeV]

V. W. Ingeberg et al., In preparation
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New experiments at ISOLDE with Oslo Method

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
Proposal to the ISOLDE and Neutron Time-of-Flight Committee

Neutron-capture cross section for i process bottleneck “Ga:
"Ga(d,py)"Ga

January 4, 2022

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
F. Pogliano', R. Gernhaeuser?, A. C. Larsen!, H. C. Berg®, G. De Angelis*,

D. Gjestvang!, S. Golenev?, A. Gorgen', M. Guttormsen!, K. Hadyriska-Klek?®, Proposal to the ISOLDE and Neutron Time-of-Flight Committee
V. W. Ingeberg’, P. Jones®, K. C. W. Li', S. Liddick®, D. Miicher”, M. Markova', Evolution of N = 50 shell and neutron single-particle states
W. Paulsen!, L. G. Pedersen', L. Pellegri®, E. Sahin!, S. Siem!, A. Spyrou?, towards "®°Ni: 79Zn(d7 p)SOZn

M. Wiedeking®, P. Reiter®, K. Arnswald®, M. Droste®, H. Hess®, H. Kleis®
January 5, 2022

E. Sahin', G. de Angelis?, H.C. Berg?, V. Bildstein?, N. Erduran®, R. Gernhaeuser®,
D. Gjestvang!, S. Golenev®, A. Gorgen!, M. Guttormsen!, K. Hadynska-Klek”,
A. Tllana®, V. W. Ingeberg!, P. Jones?, A.C.Larsen! K.C.W. Li', K.L. Malatji°,

M. Markoval, A. Matta!?, J. Pakarinen®, W. Paulsen!, L.G. Pedersen!, L.Pellegri?,
F. Pogliano!, S. Siem!, T. Tornyi!, M. Yalcinkaya!!, M. Wiedeking®, P. Reiter!?,

K. Arnswald!?, M. Droste'?, H. Hess'?, H. Kleis'?2,A. Spyrou?®, S. Liddick®

UNIVERSITY HIE-ISOLDE Physics Workshop
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Bring OSCAR to ISOLDE?
*Oslo Scintillator ARray

*World largest LaBr;:Ce gamma detector
array

30 large volume (3.5x8-inch) LaBr;:Ce

*Superior efficiency at high energy
*Propose experiments at ISOLDE with

OSCAR Y R&
=R e VI///,/_‘Q%"‘" 7 \‘
Still at the id h 4! 12 .L/’, T =
ill at the idea phase L e

L ots of questions still needs to be
answered (finance, logistics, etc.)

*Please let me know if you are interested
In such a project

UNIVERSITY HIE-ISOLDE Physics Workshop
OF OSLO 24.05.2023
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IS558 — Coulex of 149Sm

“Shape Transition and Coexistence in Neutron-Deficient

Rare Earth Isotopes”
Detected particle events

PRELIMINARY

IIII
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... 208pp
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®© o
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10* Separate angle ranges
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o o \.‘( l ) ) O
102 : thl 1 T \ § - % o 03 1599§ 03 2 1420§
NOw 4 V1246__°: _____ =l L o TR - -1 I
10 b 3 gl =
1[ PRELIMINARY " N s O S R A% S v..xv. 9.y
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OF 0SLO Currently analyzed by PhD student Wanja Paulsen
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Summary
First ever Oslo Method analysis with ISOLDE data

Constrained the ®©Ni(n, g) cross section highly relevant for the i-process

Plan to propose new experiments where we may bring OSCAR to HIE-ISOLDE

UNIVERSITY HIE-ISOLDE Physics Workshop
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Residuals

N~ 0.30 A
© ()
8 W&
> g 0.25-
¢ o
9 & 0.20
S [0}
L

0.15 -

OSCAR

Closest configuration: = 16.4 cm

Angular coverage: 57% of 41T
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F. Zeiser et al., NIM A 985, 164678 (2021)
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