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Outline

= Introduction

» activation experiments

= preliminary results

* summary & outlook
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Nucleosynthesis of heavy elements

S-process
Slow neutron capture
on stable nuclei

p-process

Z Photodisintegration
of seed distribution
from s- und r-process

drip-line drip-line

Y
‘ Fusion | ,'/ij . r-process
jox = Fast neutron capture on

short-lived nuclei

Big Bang Nucleosynthesis
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p-process

Starting point: seed distribution of s- and r-process

= (v,n) reactions shift distribution to proton-rich isotopes
= (y,a) and (y,p) start to compete with (y,n) reaction rates
= position of branching nuclei determines final p-abundances
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=simulation of a type Il SN explosion
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Important reactions: B 6 ] EESESE=E===E
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Reaction network of p-process

= complex reaction network involving more than ten thousand reactions
= calculations need lot of physics input (reaction rates)

= rates cannot be measured for all reactions

—> calculation within the statistical Hauser-Feshbach model

= input parameters for statistical model codes:

» optical potentials
> y-width

> level densities

» masses

» HF predictions have to be tested carefully by measurement

—> optimization of input parameters
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Calculations in the statistical HF model

Compound nucleus theory
» entrance & exit channel are independent

(T (1)
oHrF X Z (2Jn T 1) <1—w§ec,tot>
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Calculations in the statistical HF model

Compound nucleus theory
» entrance & exit channel are independent

(T (0
OHF X Z (2Jn T 1) <1—w§ec,tot>

Consequence for (o,n) & (p,n) reactions

» cp-width << n-width @ stellar temperatures (Coulomb supression)

iic,neutron> ~ <1—\§ic,t0t>

» smallest width determines cross section

= above n-separation energy: <F
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Calculations in the statistical HF model

Compound nucleus theory
» entrance & exit channel are independent

(T (0
OHF X Z (2Jn T 1) <1—w§ec,tot>

Consequence for (o,n) & (p,n) reactions

» cp-width << n-width @ stellar temperatures (Coulomb supression)

iic,neutron> ~ <1—\§ic,t0t>

» smallest width determines cross section

= above n-separation energy: <F

" (a,n) & (p,N) reactions are not sensitive to neutron-width (sub-Coulomb)
= good possibility to test a- & p-nucleus optical potentials
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Activation experiments

» 1 compound nucleus, 3 reactions

N
» same exit channel

169yh S, = 8,47MeV
170"b
: : 3.04
169
9.25d | 93.1 d vy
166Er 167Er 168Er 170y h

33.503 | 22.869)26.978
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Activation experiments

i compound nucleus
» 1 compound nucleus, 3 reactions P

N
» same exit channel

169yh S, = 8,47MeV
(NI 32.0 d E_ =847MeV
168.|.m 169Tm
9.25d | 93.1 d 0]
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33.503 | 22.869)26.978
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Activation experiments

i compound nucleus
» 1 compound nucleus, 3 reactions P

n

» same exit channel

169yh S, = 8,47MeV

nin = 1L69MeV,Z )

169Tm Enin = 8,47MeV

9.25d | 93.1 d )
166 167Er 168Er 170y h

=
33.503122.869]26.978
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Activation experiments

» 1 compound nucleus, 3 reactions

f
» same exit channel
S, =8,47MeV
E. ... =847MeV
5 100
166Er 167Er 168Er 170y h

33.503 [ 22.86926.978
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y-spectroscopy of subsequent decay

T1/2:32.02d 0\0
112 EC &
169Yp YV - 472.88 keV
rbc&
L N 379.27 keV
| 3 Y o0 o
9%
y intensities a7 > N 316.15 keV
0\0
r\’\r'b% o\o o\e
<22 138.93 keV
118.19 keV
8.41 keV
169Tm

» equal systematic uncertainties influence all cross sections
www.nndc.bnl.gov/ensdf
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Evaluation of data

CP-induced reactions (monoenergetic beam)
» peak area directly proportional to cross section

Ypeak X O (E)

» energy resolved cross section

Photo-induced reactions (bremsstrahlung)

» peak area proportional to energy integrated cross section
o0

Yok X | 0 (E)n, (E)dE
0
» energy integrated cross section
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Summary

Probing statistical Hauser-Feshbach model

Three activation measurements

= production of one compound nucleus 79Yb
= 170YDh(y,n) @ S-DALINAC, Darmstadt, Germany
= 166Er(ar,n) & 19°Tm(p,n) @ FN-TANDEM, University of Notre Dame, USA

Preliminary results compared to theory

= good description of 1%3Tm(p,n) and 17°Yb(y,n)
= deviation by a factor of 6 for 1%¢Er(a,n)
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Outlook

Further evaluation of data
= correction for summing effects

Detailed comparison with HF predictions
= calculate XS with different HF codes (e.g. TALYS, NON-SMOKER)
» systematic variation of input parameters (optical potential)

Collect more experimental data
= cp-induced reactions in the rare earth region (x,n)
= 165Ho(a,n) & 175Lu(p,n)
= compare to recent results
» extend existing systematic studies
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