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Real Photon Sources in Nuclear Physics

Radioactive Isotopes
Bremsstrahlung
Positron Annihilation in Flight

Laser Inverse Compton scattering

1963 . Idea by Milburn and Arutyunian & Tumanian
1980s: Practical use at Frascati (Italy)
SPring-8
However, itsuse for nuclear astrophysics had been ignored
for alongtime.



LCS(Laser Compton scattering)
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Neutron Detector
Double rings of 16 3He counters
embedded in polyethylene




‘Be(y,n)oo

lSlTa(y’ n) 180Ta

D(y,n)p

K.Y.Haraet al. 2003

3.0 - D(y,n)p

D(v.n)p

® Our Data
v Birenbaum et al. (1985)
m Moreh et al. (1989)
A Bishop et al. (1950)

— JENDL(0,y,)
-- JENDL(0y,)

— - JENDL (og,)

p(n,y)D
O Nagai et al. (1997)
O Suzuki et al. (1995)

2 3

4 5
E,(MeV)

10

H. Utsunomiyaet al. 2001
K. Sumiyoshi et al. 2002

2.0 T
L 2.0
15 F
15 | 1o
[ 05
=)
e L &
©® 10 U
05 -
00 Lo v e
15 2.0 25 3.0 35 4.0 45
Ey(M eV)
H. Utsunomiya et al. 2003
=)
& 100 |
=
2
o}
o |AEA (Lee et al. 1998)
= Present
QRP_A
10 L — —-Hybrid |
o Lorentzian ]
8 9 10 11 12 13
E [MeV]



2003

186W(y,n)185W S
187Re(y,n)186Re s
1880s(y,n)1870s s
139La(y,n)138La p
93Nb(y,n)92Nb p
141Pr(y,n)140Pr



S, I', P -processes

Arnould & Goriely 2003
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pD-process
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35 stable nuclei A

74Se - 196Hg

(v,n)(y,p)(y,o) and inverse n-, p-, and a— capture
2000 nuclei 20000 reactions inc. weak transformation
T, 1.7 3.3

O/Ne layer of massive stars
Pre-supernova phase or Type Il -supernova explosion



nucleus | Anders & Grevesse [13] _error (%) | Palme & Beer [15] error (%) |
T3¢ 0.55 6.4 0.6 5 -
TBKr 0.153 14 0.19 4
Mgr 0.132 8.1 0.12 5
20 o 0.378 5.5 0.38 5
BMo 0.236 5.5 0.23 5
Ry 0.103 5.4 0.1 10
Ry 0.035 5.4 0.03 10
102pg 0.0142 6.6 0.014 10
| 0.0201 6.5 0.02 10
10804 0.0143 6.5 0.014 10
13Ty 0.0079 6.4 0.008 10
12gn 0.0372 0.4 0.036 10
Tdgn 0.0252 9.4 0.024 10
1b6g, 0.0129 9.4 0.013 10
120 0.0043 10 00,0045 10
124 o 0.00571 20 0.005 i
136 Y 0.00509 20 0.004 =
130, 0.00476 6.3 0.005 5
1335 0.00453 6.3 0.005 5
1387 5 0.000409 2 0.0004 5
136Ca 0.00216 1.7 0.002 5
138 0.00284 1.7 0.003 5
Mgy 0.008 1.3 0.008 5
2G4 0.00066 1.4 0.001 5
1Dy 0.000221 1.4 0.0002 5
158 Dy 0.000378 1.4 0.0004 5
162p 0.000351 1.3 0.0004 5
] s 0.00404 1.3 0.0042 5
4 0.000322 1.6 0.0003 5
174 0.000249 1.9 0.0003 5
180, 2.48e-06 1.8 2.00e-06 10
180wy 0.000173 5.1 0.0002 i
18405 0.000122 6.3 0.0001 5
190 p¢ 0.00017 7.4 0.0001 10
196 Hg 0.00048 12 0,001 20
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p-prOCeSS S-,r-processes
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Astrophysical Energy Window
for (y,n) reactions Mohr 2000

A(T) = [ “¢n(ET) o (E) dE

Photonuclear Cro0ss section Planck distribution
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Astrophysical
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Planck  distr. cross Section  Sfellar condition

Photor eactions on nucld in

‘ excited states areimportant.
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(v.n)
A(T) = [ “en(ET)o.(E) dE

Bremsstrahlung

Vogt, Mohr et al. 2001
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SCW
(y,n) MT) = f cn,(ET) o (E) dE
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o(Ey) = oy [(Ey — Sn) / Sn]**p

p=1+%, I:

A(T) = ] “cn(ET) o (E) dE



List of photonuclear reactions
to be studied by activation technigue
at SPring-8 : 22 natural samples: 47 reactions

Samples

Se

Kr

S

Ru

Pd

Photor eactions

765(9.36% ) (v,n)>Se(T =120 d)
7456(0.89% )(v,n)73Se(T=7.15 h)

80K r(2.25% )(y,n)®Kr(T=1.46 d)
BKr(0.35%)(y,n)""Kr(T=1.24 d)

86Sr (9.86% )(y,n)E5Sr (T=65 d)
84y (0.56% )(y,n)&3Sr (T=1.35 d)

9BRU(1.88% )(y,n)YRu(T=2.9d)
%BRU(5.52% )(y,n)®RU(T=1.64 h)

104pl(11.19% )(y,n)193Pd(T=17 d)
102P¢l(1.02% )(y,n)°Pd(T =8.47 h)

p-nuclides
74Se

78Kr

84Sr

¥Ru

102 Pd



Samples

Cd

Te

Ba

Ce

List (continued)

Photor eactions

10Cd(12.5%)(y,n)®Cd(T=1.27 y)
108Cd(0.89% )(y,n)’Cd(T=6.50h)
106Cd(1.25% )(y,n)19°Cd(T=55.5 m)
131 n(4.29% ) (y,n)*2n(T=20.6 m)

1145n(0.65% ) (y,n) 13S0 (T =115 d)
112G1(0.97% ) (y,n)1Sn(T=35.3 m)

122T &(2.60% ) (y,n) 21T (T =154 d)
120T &(0.096% ) (v,n) 1T &(T=4.70 d)

132B3(0.101% )(y,n)31Ba(T=11.5 d)
130Ba(0.106% )(v,n)2°Ba(T=2.23 h)

140Ce(88.5% )(y,n)12Ce(T=138 d)
138Ce(0.25% )(y,n)3"Ce(T=1.43 d)
136Ce(0.19% )(y,n)1BCe(T=17.7 h)
1445m(3.1% )(y,n)243Sm(T =8.83 m)

p-nuclides

108C d
106C d

113| n

114Sn
112Sn

120T e

13OBa

138C e
136C e

144 Sm



List (continued)

Samples  Photoreactions p-nuclides

Gd 1%4Gd(2.18% )(y,n)>Gd(T=242 d) 152Gd
152Gd(0.10% )(y,n)P1Gd(T=124 d)

Dy 160Dy(2.34% )(y,n)*™°Dy(T=144 d) 158Dy
158Dy(0.10% ) (y,n)™>’Dy(T=8.14 h) 156Dy
156Dy(0.06% )(y,n)*™>>Dy(T=9.9 h)

Er 166Er (33.6% ) (y,n)*°Er (T=10.4 h) 164y
164Er (1.61% )(y,n)*%%Er (T=1.25 h) 162y
162Fr (0.14% )(y,n)*¢Er (T=3.21 h)

Yb 170Y b(3.05% )(y,n)°Y b(T=32.0 d) 168Yp
168Y'b(0.13% )(y,n) Y b(T=17.5m)

Hf 176H(5.21% )(y,n)”Hf(T=70 d) 174K f

1744£(0.162% ) (y,n) 3H(T=23. 6 h)



Samples

Os

Pt

List (continued)

Photor eactions

182\ (26.5% ) (y,n)8IW (T =121 d)
180\ (0.12% ) (y,n)7°W (T=37.1 m)

18605(1.58% )(y,n)#50(T=93.6 d)
18405(0.020% ) (y,n)1820s(T=13.0 h)

194Pt(32.9% )(y,n) 293Pt (T =4.33 d)
192Pt(0.79% )(y,n)1%PL(T=2.96 d)
190Pt(0.01% )(y,n)1Pt(T=10.9 h)

198Hg(9.97% )(y,n)*°*"Hg(T=2.67 d)
19%Hg(0.15% )(y,n)**Hg(T=1.73 d)

p-nuclides

180\\/

1840 S

190 Pt

196H g



180Ta
y-Pprocess

Intermediate states
181 Ta(y, n)180 Ta

> 1.2 x10Py
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180Ta y-Process

18OT a

T, = 1.7 — 33 OI/Ne layers of Massive Stars during
Presupernovae or Supernovae

|\Im _ 9, €XPp ( — Em/ kT)
N, G

| 131Ta(1',n)180Ta

=
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180Ta Y—=Process

180Ta[0.012%](y,n)'"*Ta (T,,=1.82 y)

enriched target

SCW
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190Ta  -process

AGB S-process
PHf(e-v)®Ta (n,y)*Tam(y,y)**Ta® (T,,,=8.1 h)

S-process
176 (123keV 1- 3.7 h)



138L a

180Ta, 176Lu
138La
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