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1. レーザー・コンプトン散乱ガンマ線ビームを用いた中性子源
(1) ガンマ線ビーム

Eγ= 1 MeV～76 MeV,  106 γ/s
      光核反応中性子(GDR)

En= 2 MeV～10 MeV,  104 γ/s
(2) TOF計測のための蓄積リングの疑似単バンチ運転

2. 中性子計測と画像検出器開発のための試験
(1) 高速中性子発生分布の偏光依存計測

ターゲット：Au, I, Cu  +  Ag, Y      GDR
ターゲット：Be                               CDR

                              (低エネルギー中性子発生の試験)
(2) 熱化中性子による放射化計測試験　



NewSUBARU Synchrotron Light Facility, University of Hyogo
Laboratory of Advanced Science and Technology for Industry

NewSUBARU

circumference　            119 m
electron energy 　0.5-1.5 GeV
 Lorentz factor      γ=1000-3000
electron current　300-500 mA

LCS γ-ray beamline



NewSUBARU電子蓄積リングでの
ガンマ線ビーム源の特徴
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γ-beam Laser Compton Scattering
電子ビーム
　   0.5～1.5GeV / 300 mA
レーザービーム
　   0.5µm ～10µm / 30W 

θ

1) Eγ = 1MeV - 76 MeV
    Flux = 106 photon/s 

2) 偏光ガンマ線 ビーム
      - 低発散角　　θ～1/γ
3) 中性子発生, 陽電子発生
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相互作用断面積で見たガンマ線の利用
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中性子検出器
Plastic scintillator 
TOF measurement

Liquid scintillator
pulse shape
discrimination

He-3 detector
Space integration

Bubble detector
Time integration

moderator

He-3
proportional
counter x 40

Li-6 scintillator
nuclear reaction



NewSUBARU 電子蓄積リングの
フィリングパターン
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光核反応スペクトル断面積計測時の
ガンマ線スペクトル(2mmφコリメーター)

A response function and the energy distribution of an LCS γ-ray beam. 
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energy �-ray beams used for the study of the 1/2+ state
was 1.8% - 3.5%.
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FIG. 3: (Color online) A response function of the Ge detector
and the energy distribution of the LCS �-ray beam.
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FIG. 4: (Color online) A response function of the LaBe3(Ce)
detector and the energy distribution of an LCS �-ray beam.

Figure 4 shows an example of the response function of
the LaBr
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(Ce) detector to high-energy LCS �-rays. The
energy calibration of the high-energy LCS �-ray beams
relied on the absolute calibration of the electron beam
energies on the order of 10�5 [20]. The full-energy peak is
visible for the 5.5 MeV �-ray beam. Again the response
function was well reproduced by the simulation. The
energy spread of the high-energy �-ray beams used for
the study of the PDR was 1.4% - 2.2%.

The intensity distribution of the LCS �-ray beam on
target was simulated with the GEANT4 code. With the
2mm C2 collimator, the beam size was 2.3mm in diameter
in full width at half maximum (FWHM) of the intensity
distribution.

B. target

A 99% 9Be rod of 20mm diameter and 40mm length
was used as a target. A natural carbon rod of the same
dimension was also used to investigate the scattering ef-
fect of the LCS �-ray beam. No scattering e↵ects were
found compared with blank target runs. Heavy water
(99.9%) in an aluminum container with entrance and exit
windows of 25.4µm-thick Kapton foil was used as a D

2

O
target of 14mm diameter and 100mm length. Photodis-
integration of deuterium was measured at the electron
beam energy 1460 MeV for a cross-check of the present
absolute cross section measurement. An empty target
run confirmed a negligible e↵ect of the Kapton foils on
photoneutron emission.

C. �-ray flux

A 8” ⇥ 12” NaI(Tl) detector with 100% detection ef-
ficiency was used as a �-ray flux monitor. The flux de-
termination is straightforward for CW LCS �-ray beams
produced with the CO

2

laser. The CW �-rays were de-
tected with the NaI(Tl) detector at the count rate of 15
- 41 kcps. Energy spectra were recorded with a multi-
channel analyzer with a conversion time 2.5µs. The flux
was determined by subtracting background �-rays.

The flux determination for pulsed LCS �-ray beams
produced with the Q-switch Nd:YVO
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laser followed the
Poisson-fitting method [21, 22]. The laser was operated
at 20kHz. The laser photons with a pulse width 60ns
collide with relativisitic electrons in the NewSUBARU
storage ring at 500 MHz with a 20ps pulse width. Al-
though the number of pairs of laser photons and elec-
trons involved in the collision during the 60ns laser pulse
(N) is large, the collision probability per photon-electron
pair (p) is small. As a result, the number of collisions
(n) is small with the average number m = pN . Under
this condition, the distribution of the number of colli-
sion, Pm(n), ought to be expressed by the Poisson dis-
tribution, Pm(n) = mn

n e�m. Multi-photon spectra gen-
erated by pulsed �-rays measured with the NaI(Tl) were
investigated at di↵erent �-ray beam intensities and well
characterized by the Poisson distribution [23]. Figure 5
shows a typical single- and multi-photon spectra. The
number of � rays (N�) is determined by N� = mNp with
the average number of � rays per � pulse and the num-
ber of � pulses, Np. The Np is equal to the number of
total events of the multi-photon spectrum which is often
referred to as pile-up spectrum. Empirically, the average
number of � rays per pulse m is given by the ratio of
the average channel number [CH]av

p of the multi-photon
spectrum to that [CH]av

s of the single-photon spectrum,
m = [CH]

av

p

[CH]

av

s

[23]. The uncertainty of the flux determina-
tion comes from the energy linearity in the response of
the flux monitor detector to multi-photons. The uncer-
tainty was estimated to be ⇠ 3% [23].

Ge detector 

(1.8%～3.5%FWHM)

3

energy �-ray beams used for the study of the 1/2+ state
was 1.8% - 3.5%.

0

1000

2000

3000

4000

5000

6000

7000

0 500 1000 1500 2000

E
J
 [keV]

E
e
=962 MeV

'E
J
=31 keV 

(1.8% FWHM) 

FIG. 3: (Color online) A response function of the Ge detector
and the energy distribution of the LCS �-ray beam.

0

500

1000

1500

2000

2500

3000

0 1 2 3 4 5 6 7
E
J
 [MeV]

E
e
=562 MeV

'E
J
=1.4% (FWHM)

FIG. 4: (Color online) A response function of the LaBe3(Ce)
detector and the energy distribution of an LCS �-ray beam.

Figure 4 shows an example of the response function of
the LaBr

3

(Ce) detector to high-energy LCS �-rays. The
energy calibration of the high-energy LCS �-ray beams
relied on the absolute calibration of the electron beam
energies on the order of 10�5 [20]. The full-energy peak is
visible for the 5.5 MeV �-ray beam. Again the response
function was well reproduced by the simulation. The
energy spread of the high-energy �-ray beams used for
the study of the PDR was 1.4% - 2.2%.

The intensity distribution of the LCS �-ray beam on
target was simulated with the GEANT4 code. With the
2mm C2 collimator, the beam size was 2.3mm in diameter
in full width at half maximum (FWHM) of the intensity
distribution.

B. target

A 99% 9Be rod of 20mm diameter and 40mm length
was used as a target. A natural carbon rod of the same
dimension was also used to investigate the scattering ef-
fect of the LCS �-ray beam. No scattering e↵ects were
found compared with blank target runs. Heavy water
(99.9%) in an aluminum container with entrance and exit
windows of 25.4µm-thick Kapton foil was used as a D

2

O
target of 14mm diameter and 100mm length. Photodis-
integration of deuterium was measured at the electron
beam energy 1460 MeV for a cross-check of the present
absolute cross section measurement. An empty target
run confirmed a negligible e↵ect of the Kapton foils on
photoneutron emission.

C. �-ray flux

A 8” ⇥ 12” NaI(Tl) detector with 100% detection ef-
ficiency was used as a �-ray flux monitor. The flux de-
termination is straightforward for CW LCS �-ray beams
produced with the CO

2

laser. The CW �-rays were de-
tected with the NaI(Tl) detector at the count rate of 15
- 41 kcps. Energy spectra were recorded with a multi-
channel analyzer with a conversion time 2.5µs. The flux
was determined by subtracting background �-rays.

The flux determination for pulsed LCS �-ray beams
produced with the Q-switch Nd:YVO

4

laser followed the
Poisson-fitting method [21, 22]. The laser was operated
at 20kHz. The laser photons with a pulse width 60ns
collide with relativisitic electrons in the NewSUBARU
storage ring at 500 MHz with a 20ps pulse width. Al-
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H. Utsunomiy et al, “ Photodisintegration of 9Be through the 1/2+ state and cluster 
dipole resonance”, Phys. Rev. C 92, 064323 (2015) .
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中性子信号と散乱ガンマ線信号(TOF信号例)
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中性子放出分布の偏光依存性計測
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偏光依存発生分布
In= a + b·cos(2φ)
Ref. A. Agodi, Nuovo Cimento 5 (1) (1957) 21. 



中性子放出分布の偏光依存性計測

The solid lines show a function in form of  In= a + b·cos(2φ)*.
K.Horikawa, et al., Physics Letters B, 737, pp.109-113 (2014).
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MiniPIXによるターゲットアライメント
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9Be クラスター共鳴からの中性子発生偏光依存

カウント数を増やした計測精度向上が必要。
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FIG. 12. (Color online) The 9Be(γ ,n) cross section in the energy region from the n + 8Be threshold to GDR (see text for details).

heavy nuclei [46–49]. The strength integrated over 4–16 MeV
without a contribution from the low-energy tail of the GDR is
14.2 mb MeV. Thus, the resonance strength is 11.3–14.2 mb
MeV.

Let us compare the resonance strength with the cluster
dipole sum rule [50–52] for the two-body (n- 8Be) and three-
body (n-α-α) systems:

∫
σE1(E)dE = 60

(
NZ

A
−

∑

i

NiZi

Ai

)

. (10)

The first term of Eq. (10) is the Thomas-Reiche-Kuhn (TRK)
sum rule representing the E1 response of a nucleus in the
absence of exchange forces. After subtracting the intrinsic
contributions from the constituent clusters from the entire
response, the sum rule represents the E1 response arising from
relative motions between the constituents. The cluster dipole
sum rule gives 10% (13.3 mb MeV) of the TRK sum rule
(133 mb MeV), irrespective of the two-body (n- 8Be) or
three-body (n-α-α) systems. The present strength is consistent
with the cluster dipole sum rule, which however does not
distinguish whether a neutron oscillates in the n- 8Be or n-α-α
configuration. It is desirable to investigate the nature of the
cluster dipole resonance both experimentally and theoretically.
The investigation requires a new experiment of n-α-α coinci-
dences to measure correlations of a neutron against two α
particles. The authors are informed in private communication
that a theoretical investigation is in progress based on the
antisymmetrized molecular dynamics calculation [53].

V. CONCLUSIONS

The photodisintegration of 9Be through the 1/2+ state and
cluster dipole resonance was measured. The cross section
of the 1/2+ state is consistent with the 2001 data and the
data of the radioactive isotope measurements. The observed
resonance strength is consistent with the cluster dipole sum
rule. However, the sum rule degenerates in the two-body
(n- 8Be) and three-body (n-α-α) systems. Consequently, the
present result does not distinguish whether a neutron oscillates
in the two-body or three-body configuration. A new n-α-α
coincidence experiment is needed to investigate the configura-
tion. A theoretical study is encouraged to investigate the nature
of the 1/2+ state and the nuclear structure of the cluster dipole
resonance in 9Be.
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放射化法による中性子放出角度分布測定
放射化計測では中性子の偏光依存は弱く見える
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崩壊をイメージングプレートに転写

垂直偏光γ



Thank you !
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