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AIST : National Institute for Advanced Industrial Science and Technology
TERAS (Tsukuba Electron Ring for Acceleration and Storage)

closed in April 2012

BEFEARAR
ﬁ

R ) A —4

PIEFIRE AR
FTRE AR T TF L REGEM )

NaI(Tmﬁmﬁﬁ




S s

SACLA
.- 8GeVe-linac |




NewSUBARU (Japan)
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private communications with H. Ohgaki and T. Hayakawa
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Courtesy of H. Ohgaki

(v,Y') Parity Measurement
with Linearly Polarized

Photon Beam
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« ref.:R.D.Heil et. al, Nucl. Phys. Photon Energy (MeV)
506(1990)p223.



Courtesy of H. Ohgaki

(v,Y) M1 distribution in 206Pb
3.0
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H.Ohgaki et al., NPA649(1999) QPM cale.=19u,*



Courtesy of T. Shizuma
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Courtesy of T. Hayakawa
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Court f H. Ohgaki
H. Toyokawa et al, IEEE Trans. on NS, vol.49, ourtesy o gaki

182-187 (2001). LCS-Radiograph
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Courtesy of H. Harada
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High Energy Resolution Measurement Method of Photonuclear Reaction Cross Section
H. Harada and Y.Sigetome, J. Nucl. Sci. Technol., 32, 1189-1191 (1995).
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Courtesy of H. Harada
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Super High Resolution Measurement of Fine Structure in the Total Photonuclear Cross Section of 13C
H. Harada, K. Furutaka, Y. Shigetome, H. Ohgaki, and H. Toyokawa, J. Nucl. Sci. Technol., 35, 733-735 (1998).
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(Y, charged part.)
Time Projection Chamber as active target
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(v, charged part.)

“He(y,n)’He
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(Solid curves --- best fit for our data including energy distribution of LCS-y.)



(y,n)
Experimental Set-up

- 181
Target Sample; ™'Ta 3He Proportional Counter x20

h—t A
S — Nal(Tl) Scintillator

€ Ic

Target Sample; °’Au

Neutron Moderator ; Polyethylene




(v,n) Experimental results, and comparison
with theoretical models

Goko et al. Phys. Rev. Lett. 96, 192501 (2006)

Cross Section [mb]
- 5 g

Systematic
uncertainties

10~26%

Combinatorial NLD model

@® Present work (2006) — Statistical NLD model

©® |AEA : Leeetal. (1998) HF model calculations by S.Goriely (ULB)



(y,n)

PDR in 207:208ph gbove neutron threshold

T. Kondo et al., Phy. Rev. C 86, 014316 (2012)
9587 mg, 98.5%, 208Pb
3482 mg, 99.1%, 207Pb L
Borated polyethylene

_ [Polyethylene

] 3He tube

7 Cd sheet

(a) $=0

I

—

W N

---------- 47 O+
208pb

g W’ .(6,¢) = 8% [sin® O(1 + cos2¢)]



(v,n)

Neutron anisotropy detector
for E1 & M1 (y,n) cross section measurements




(v,n)

E1 cross sections for 298.207ph

HFB+QRPA E1 strength plus
pygmy E1 resonance
in Lorentzian shape

E,=7.5MeV, I =0.4 MeV

O, = 20 mb for 208Pb
O, = 15 mb for 207Pb

TRK sum rule
0.42% for 208Pb
0.32% for 207Pb

208Pb B(E1) 1=0.82+0.09 e’ fm
E=751-8.32 MeV

207Pb B(ED) 1=0.88+0.17 e’ fm
E=702-832MeV
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(v,n)
v-ray Strength Function Method

H. Utsunomiya et al., Phys. Rev. C 80, 055806 (2009)

Indirect determination of (n, y) cross sections for unstable nuclei
based on a unified understanding of (y,n) and (n, y) reactions
through the y-ray strength function

The best understanding of the y SF with PDR and M1 resonance
is obtained by integrating

* (y,n) data

* (v,Y') NRF data

* Particle-y coin. data , Oslo Method
* Existing (n, y) data



(v,n)
. . P (long lived fission products)
Applications O uretonged fston rouc

O Astrophysical significance

Present (y,n) measurements

- Existing (n,y) data
—> (n,y) c.s. to be deduced H. Utsunomiya et al., PRC80 (2009)

| | | [ |
115 116 117 | 118 119 120 ( 122 ( 124
7 s -

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

3  pd 104 | 105

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

| | | PRC81 (2010)
95
sz B, 6w “s ),
I | | F. Kitatani, Ph.D. thesis,
a4 Se 172§d 76 77 to be published




(v,n)

H.U.

et al., PRC8S (2013)

In collaboration with Univ. Oslo etc.

Nd

Sm

2 |

|

142 | 143 | 144 | 145 | 146l 137 |) 148
> —_ > > 10.98 d
In collaboration with ELI-NP etc.
< I /:J; - I - ! < LS
143 145 | 146 151 153
8.75m 144 340d [1.03 10%yr 147 )148 >149 >15 90 yr 152 1.93d >4




(v,n)
Mo isotopes

(y,n) data
H. Utsunomiya et al., PRC 88 (2013)

Oslo data
(3He, ay), (3He, 3He’y)
M. Guttormsen et al., PRC71 (2005)

(v,y’) data
G. Rusev et al., PRC77 (2008)

e Present

o Beiletal. (1974)
= QOslo E
+ Rusev et al (2008) ]
——BSk7+QRPA 1
— —DIM+QRPA .

0 2 4 6 8§ 10 12 14 16
E [MeV]




(v,n)
(n,y) CS for (n,y) CS for

Stable Mo isotopes Unstable Mo isotopes

_ 10° 93'\/'0
8 10*
@ 1021 T1/2=4OOO yr Present
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2 =t
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S 10%
E/ 10|
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= 10 T.,.=2 75 d — — ENDF/B-VIL1
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2 )
N—' 1027
° g
(¢) **Mo(ny)’"Mo fa
10* ! ; o102t
= Kapchigashev & Popov (1964) @)
e  Musgrove et al. (1976)
+ Koelher et al. (2008) \)
—_ Oslo N
fa] 3 A
g 0 ) M 100p 1 :
= 10'. (b) o(n,y) 0 N
) ‘
| 0.001 001 0.1 1
E [MeV]

(d °"Mo(ny)**Mo

0.001 001 01
E [MeV]



(y,n)
Nucleosynthesis of light nuclei

Reciprocity Theorem A+a—B+b+Q
B+b— A+a-Q Qvalue

o(b—a) _ o(a— D)
21, +1)2i +D)p*> (21, +1)(2i, +1)p’

Neutron Channel Applications

Big Bang Nucleosynthesis

E
a=n, b= =hk=—Lp*=2uE 2j +1-2
y p]/ c pn iu n ]b+ p(n,Y)D VS D(Y,n)p

Equivalency between (n,y) and (y,n) K. Hara et al., PRD 68, 072001 (2003)
% Supernova Nucleosynthesis
A-ly y o o 2 8Be(n,y) °Be vs °Be(y,n)®Be
v H. Utsunomiya et al. PRC 63, 018801 (2001)

Ay K. Sumiyoshi et al. NPA709, 467 (2002)



Courtesy of T. Hayakawa
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ELI-NP (Europe)

(Extreme Light Infrastructure- Nuclear Physics)

Magurele-Bucharest. Romania
Approved by the European Commission in 2012
First Experiments in 2018

—— E = 0.2 -19 MeV
Seag s o 1> 10" (! mm2mrad? 0.1%")
eh = Sl AE/E < 0.5%
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4 Working Groups for Physics at ELI-NP

1. Nuclear Resonance Fluorescence and
Applications

@ Gammas Above Neutron Threshold
3. Photofission
4. Charged Particles, **O(y,a)t*C



International Collaboration K.O.B.e"
NewSUBARU-GACKO January & July, 2013

(y,n) CS

15 nuclei
Sm-154
Sm-152
Sm-150
Sm-149
Sm-148
Sm-147
Sm-144
Nd-148
Nd-146
Nd-145
Nd-144
Nd-143
Dy-162
Dy-163
Ge-74
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(v,Y’), (v,xn), (y,fission), (y,charged particles)[X EELZ MR
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