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Historical aspects

19605~ 1980s
Nuclear Physics: GDR by (y,n) measurements

E1, M1 excitations by (y,y’) measurements

y-ray sources: bremsstrahlung

positron annihilation in flight @ LLNL, Saclay

1990s~ Present
Nuclear Astrophysics: Nucleosynthesis
P. Metin et al., Phya. Lett. B 488 (2000) 127

Nuclear Physics: PDR, M1
y-ray sources: bremsstrahlung @ Darmstadt, ELBE

laser-Compton scattering @ AIST, Duke-HIyS
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Stellar photodisintegration rates can be determined from
stellar capture rates by the reciprocity theorem.
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Extna Atnength was feund aneund Sn in the ySF of 1817q.

vSF > Sn phetoneaction nate fon the g.a.
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Goko et al. Phys. Rev. Lett. 96 (2006)
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Combinatorial NLD model ——— Statistical NLD model
Hilaire & Goriely, NPA779 (2006)



Personal View of Photoreactions in Astrophysics

1.

3.

4.

5.

(v,n) (v,¥’) (v,p) (y,00)

The reciprocity theorem to determine radiative capture cross
sections for light nuclei

ySF of direct relevance to p-process

Isomer as a probe of NLD

The YSF method to determine radiative neutron capture cross
sections for unstable nuclei

Nuclear structure: PDR, M1




y-ray strength function method
H. Utsunomiya et al., PRC80 (2009)

follows the statistical model of the radiative neuron

capture in the formation of a compound nucleus and
1ts gamma decay

Radiative neutron capture  AX(p y)At1X

continuum
E,J, decay process

ySF
NLD

n + AX




Structure of y-ray strength function

Extra strengths S GDR

6 —10 MeV \

Primary strength
E1 strength in the low- energy tail of GDR




Methodology of ySF method

(v,) CS measunement
! GDR
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Methodology of ySF method

neutnen captune 4y GDR
unstable nucleus (v,n)
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Applications

—>» Existing (n,y) data

Present (y,n) measurements
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Sh

Pd

lr

Se

O LLFP (long lived fission products)
nuclear waste

O Astrophysical significance

H. Utsunomiya et al., PRC80 (2009)

115 ‘ 116

117

118

|
120 ( 122 ‘ 124
> N \ A

H.U. et al., PRC82 (2010)

H.U. et al., PRL100(2008)

PRC81 (2010)

120d

104 105
>
95
89 90 94 ( 96
3.27d A —
|
75 76

To be published




STEP 1

Sn isotopes

Measunement of (y,n) cness sections
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STEP 2 — extnapelation of vSF te the low-enengy negion
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STEP 3 -

Statistical model
calculations of (n,y)
cross sections for
radioactive nuclei
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Results for Zr isotopes
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Comparison with the surrogate reaction technique

Forssen et al., PRC75, 055807 (2007)

Zr isotopes
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1. The surrogate reaction technique gives larger cross sections by a
factor of ~ 3 than the ySF method.

The surrogate reaction technique gives similar cross sections to
those given by the ySF method provided that a choice is made of the
Lorentian type of ySF.



Personal View of Photoreactions in Astrophysics

5.

(v,n) (v,¥’) (v,p) (y,00)

The reciprocity theorem to determine radiative capture cross
sections for light nuclei

ySF of direct relevance to p-process

Isomer as a probe of NLD

The ySF method to determine radiative neutron capture
cross sections for unstable nuclei

Nuclear structure: PDR, M1




(v.Y)
R. Schwengnen (Yv n)

A. Tencfiev
CD GDR

Oslo method

M. Guititenmaen

o-y coin. S
A. Zilger

- (P,P’)

A. Tamii
P. ven Neumann-Ceareld
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Futune of (y,n)

The ySF method @ RIKEN-RIBF and GSI

unatadle nucleunr

\ (v,n) by Coulomb dissociation
——
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(n,y) to be determined by ySF method



Coulomb dissociation experiments
F. Kappeler et al., Rev. Mod. Phys. 83, 157 (2011)
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Application of the ySF method to
the r-process

131Sn(n,y) 3281 cneas recktions in ifie n-pnecess nuclecryntfiesis

The astrophysical significance is controversial !

BUT this would be the first application to a very neutron-rich
nucleus.

A pioneering work is in progress. Nadia Taeneva @ Giesren.
1) A systematic study of the ySF for Sn isotopes
116Sn,...., 124Sn (7 stable) - - - 132Sn

132Sn(y,n) data: GSI Coulomb dissociation data for 132Sn
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Pnesent of <Y’4‘) (Y,a) Only a few cases
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Futune of (v.4t) (y,00)

Efforts were made and being made ...., but lack accuracy
to address a few-body problem.

D, 3He, 4He: cloud chamber
3He, 4He: liquid He scintillator
12C: emulsion chamber

160(y,a)12C: STAR bubble chamber
O-TPC @ HIyS

Actiievements ane yet te come.



Summary

We continue to study ySF in the context of nucleosynthesis.

1. Nuclear Physics Experiment

a. (y,n) (y,y’) c.s. measurements
real photons for stable nuclei: NewSUBARU, HIyS, ELBE etc.

ELI-NP (Bucharest-Magurele, Romania)
virtual photons for unstable nuclei (CD): RIKEN-RIBF, GSI

b. (y,p) (y,a) c.s. measurements
Futune pneapect is unclean, derending en ...

2. Nuclear Theory
a. good models of ySF
primary strength: low-energy E1 of GDR
extra strengths: PDR, M1
b. good models of NLD



