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= the y process: a brief introduction

= y-ray spectrometer HORUS for nuclear astrophysics

= total and partial cross sections of 8°Y(p,y) reaction
= constraints on y-ray strength function in %0Zr

= astrophysical impact on %°Zr(y,n) reaction rate
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Nucleosynthesis of trans-iron nuclel
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T. Rauscher et al., Rep. Prog. Phys. 76 (2013) 066201
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The y process
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neutron number

= dominant reaction mechanism for p nuclei

= photodisintegration on s and r seed nuclei

= huge reaction network on mainly unstable nuclei
— reaction rates based on theory!

T. Rauscher et al., Rep. Prog. Phys. 76 (2013) 066201
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The y process
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Solar abundance pattern of p nuclei

= problems of reproducing solar
abundance pattern
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y-ray strength functions

Mass number

— nuclear masses

T. Rauscher et al., Rep. Prog. Phys. 76 (2013) 066201
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In-beam measurements in Cologne

= 10 MV FN tandem accelerator

v-ray spectrometer HORUS:

= 14 HPGe detectors
— resolution = 2 keV @ 1332 keV
— efficiency =2 % @ 1332 keV
= 5 angles relative to beam axis
— measure angular distributions
= 6 BGO shields

— actively suppress Compton-
scattered y rays

= vy coincidences

L. Netterdon et al., NIM A 754 (2014) 94
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Experimental setup in Cologne

RBS detector  cooling trap (LN,) HPGe (+BGO) detectors

beam

suppression voltage independent current read-out

U, =-400V
L. Netterdon et al., NIM A 754 (2014) 94
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89Y(p,y) - Motivation

commissioning experiment for recently developed
experimental setup for nuclear astrophysics

= total cross section already measured by in-beam technique with
HPGe detectors and 4x summing

= new information: partial cross sections
— test of y-ray strength functions
— access to low-lying dipole strength in 20Zr

y-ray strength function important ingredient for
astrophysical reaction-rate calculations!

<ov> (GLO-up2)/<ov> (GLO)

30 40 50 60 70 80 90 100 110
N

A. C. Larsen and S. Goriely,
Phys. Rev. C 82 (2010) 014318
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%9Y(p,y) — In-beam method

Epz 3 -5MeV

Q= 8353 keV

5887 keV

5504 keV

1,2* 5304 keV

+Q 0* 1+ 2+ 5184 keV

1+ 4580 keV

6t 3844 keV

o+ 3309 keV

1/2- 3- 2748 keV

89y 5- 2319 keV

2t 2186 keV

0+ 1761 keV

o* g.s.
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%9Y(p,y) — In-beam method

Epz 3 -5MeV

Q= 8353 keV

1- I 5887 keV

1,2* 5304 keV

+Q 0" 1+ 2+ - 5184 keV

1+ H“ 4580 keV

6+ I I I I 3844 keV

2 HH 3309 keV

1/2- 5 HHT 2748 keV

89y 5 1 2319 keV

2+ IIII 2186 keV

g.s.

0+
determination of the total cross section 907y
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%9Y(p,y) — In-beam method

Epz 3 -5MeV
Q= 8353 keV

1- 5887 keV
1- 5504 keV
1,2* 5304 keV
+Q 0* 1+ 2+ 5184 keV
1+ 4580 keV
6t 3844 keV
o+ 3309 keV
1/2- 3- 2748 keV
89y 5- 2319 keV
2t 2186 keV
0+ 1761 keV

o* g.s.

determination of partial cross-sections
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89Y(p,y) — In-beam spectrum

@ Ep = 3.65 MeV — 4.7 MeV
= beam current = 50 nA
= naty target = 580 ug / cm?

> = five total cross-section
P values
2z 103 — ——— = partial cross sections for
= R % | opulation of seven
: [ | popu
° 10 0*/ 2* states
. — sensitive to E1 strength!
10" ¢
10" — ' '
8 9 10 11 12 13
E, [MeV]

L. Netterdon et al., Phys. Lett. B 744 (2015) 358
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89Y(p,y) — Partial cross-sections
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goal: describe partial cross sections with appropriate y-ray strength
function in statistical-model calculations

y-ray strength in %°Zr constrained by partial cross sections of 8Y(p,y)*°Zr
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89Y(p,y) — Partial cross-sections
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= no “standard” y-ray strength function is capable of reproducing
experimental data
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89Y(p,y) — Partial cross-sections
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= use y-ray strength deduced from (y,y‘) measurement of Schwengner et al.
R. Schwengner et al., Phys. Rev. C 78 (2008) 064314

y-ray strength in %°Zr constrained by partial cross sections of 8Y(p,y)*°Zr
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89Y(p,y) — Partial cross-sections
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= y-ray strength function fitted to reproduce partial cross sections
— how does it compare to previous measurements?
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90Zr — y-ray strength function
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= location and strength of PDR is consistent
= where do deviations come from?

— y-branching ratios, dependence on nuclear temperature?

R. Schwengner et al., Phys. Rev. C 78 (2008) 064314
P. Axel et al., Phys. Rev. C 2 (1970) 689
L. Netterdon et al., Phys. Lett. B 744 (2015) 358
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89Y(p,y) — Total cross-section
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excellent agreement of experimental data with previous measurements
using adjusted y-strength also reproduces total cross section

y-ray strength in %°Zr constrained by partial cross sections of 8Y(p,y)*°Zr
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Stellar reaction rate of °°Zr(y,n)

4.5 . . -
9OZr(')(,n)89Zr
L 4t p-process |
= temperatures e
B ...........................................
~ _ | aeeemmmrnntT
£ 35 e _
N
2 :
c% /_/
s 3 —/-/ |
=
Z
S
3 2571 | |
adjusted y-ray strength
Y-ray strength from Schwengner et al. -
2 . 1 . 1 . 1 . | . | .
2 2.5 3 3.5 4 4.5 5

T [GK]

= comparison of stellar reaction rates with widely used Non Smoker code

= reaction rates with experimental y-ray strength functions
lower by about a factor of 3

= impact on solar abundance distribution of p nuclei (?)
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Summary

= y-ray spectrometer HORUS used for
in-beam experiments in nuclear astrophysics

= proton-capture reaction on 8%y

. . 10
— total cross-section values for five ; 5 P
proton energies = et -
. _ 5 .
— partial cross sections to £
I = Fit
seven discrete states g o —
— extract y-ray strength function in °0Zr s 7 s éE [;':v]{l 2o
n ) I 9OZr(«{’n)8I92r p-process
= significant impact on stellar 9°Zr(y,n) 2 ]
reaction rate E 3 //j/
E 23 adjusted y-ray strength
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y-ray strength in °°Zr constrained by partial cross sections of 8°Y(p,y)
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90Zr — y-ray strength function
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89Y(p,y) — Partial cross-sections QPM
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89Y(p,y) — Partial cross-sections Axel et al.
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92Mo(p,y) — Partial cross-sections
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112S8n(a.,y) — Partial cross sections
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L. Netterdon et al., Phys. Rev. C 91 (2015) 035801

L. Netterdon, IKP, Univ. of Cologne, AG Zilges

new experimental
information

allows constraint on

y-ray strength

first time measured

for an a-induced reaction!

excellent agreement with
microscopic model
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89Y(p,y) — Angular distributions

E,=42MeV, E,, = 2186 keV
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= measure reaction yield at 5 different angles relative to beam axis
= fit sum of Legendre polynomials
= obtain reaction yield in 4x
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1128n(a,y) — In-beam spectrum
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L. Netterdon et al., Phys. Rev. C 91 (2015) 035801

E,=10.5 MeV - 12 MeV

beam current
=~ 80 nA — 240 nA

1128n target enriched to
~ 85 %
thickness = 360 ug / cm?

four total cross-section
values

partial cross-sections for
population of three
discrete states
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L. Netterdon et al., Phys. Rev. C 91 (2015) 035801

0.4 0.6 0.8 1
EY [MeV]

1.2

effective background
reduction

only three ground-state
transitions available in
literature

reconstruction of
experimentally known
level scheme up to 16t
excited state

no evidence for further
g.s. transitions found
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= very good agreement with previous activation measurements
— (a,y) reactions can be measured in-beam @ HORUS!
= standard a-OMPs fail to reproduce experimental data
= local adjustment necessary — partial cross-sections and other reactions?

L. Netterdon et al., Phys. Rev. C 91 (2015) 035801
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Model applicability in Sn / Cd region

Ozkan et al.

Gyiirky et al. ——
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L. Netterdon et al., Phys. Rev. C 91 (2015) 035801
Gy. Gyurky et al., Phys. Rev. C 74 (2006) 025805
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Model applicability in Sn / Cd region
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= presently found model well-suited for a-induced reactions
in Sn / Cd region

= further experimental investigations are needed
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