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2本発表の内容
研究動機

– ハイパー核研究の意義
– J-PARC E70 におけるグザイハイパー核分光
– アクティブファイバー標的（AFT）の概要
– これまでの開発状況

• RCNPにおける性能試験
• Geant4 モンテカルロシミュレーション

本申請実験 @ELPH
– 実験目的
– 実験セットアップ
– 要求ビームタイム

まとめ
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• (核子間) 核力 s クォークを含むバリオン間力
• 高密度核物質におけるストレンジネス量子数の役割

ハイパー核研究の意義

2019/1/21 3ELPH PAC meeting T. Harada
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Figure 1. Composition of neutron star matter in nucleonic EOS (TM1, upper-left),
hyperonic EOS with attractive potential (EOSY (SM), lower-left), hyperonic EOS with
repulsive potential without (EOSY , upper-right) and with pions (EOSY π, lower-right).
The number fraction of particles are plotted as functions of baryon density. The species
of particles are denoted as in the legend.

interaction. We evaluate the pion energy by using the potential of the form [43, 44,

45, 46],
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where b1 = bfree1 /(1−αρB/ρ0), δρ = ρn−ρp. As typical examples, we adopt the parameter

sets from the analyses of pionic atom data; b0 = −0.023/mπ, b1 = −0.085/mπ (α = 0),
ReB0 = −0.021/m4

π (less repulsive) [44], and b0 = −0.0233/mπ, bfree1 = −0.1473/mπ,

α = 0.367 (b1 = −0.1149/mπ at ρB = 0.6ρ0), ReB0 = −0.019/m4
π (more repulsive) [45].

In Fig. 3, we show the pion energy, Eπ =
√

m2
π + 2mπUs, calculated with these potentials

and proton fraction in TM1 EOS. With these potentials, we find that the existence

of the s-wave pion condensed region, Eπ < µe, depends on the pion optical potential

parameters. Since the pion potential above the normal nuclear density is not yet known,
the realization of pion condensation may be marginal and model-dependent.

We apply the above four EOSs of neutron star matter discussed above (TM1 EOS,

EOSY (SM), EOSY , EOSY π) to the hydrostatic structure of neutron stars by solving

the Tolman-Oppenheimer-Volkoff equation. We plot the gravitational mass of neutron

Ishizuka, A. Ohnishi, Tsubakihara, Sumiyoshi, 
Yamada,J. Phys. G35(08),085201 
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be found in the recent references !2,9" in which the
(K!,K") cross sections for the 12C and 16O targets have
been estimated for pK!#1.6 GeV/c .
The calculation was performed for 0°$#K"$16° and a

series of Woods-Saxon $! well depth parameter values:
V0$#12, 14, 16, 18, and 20 MeV. The radius and skin depth
of the $ potential were fixed at R#1.1A1/3 fm and a$
#0.65 fm. The proton wave function in the 12C target was
generated using a Woods-Saxon potential with V0N
#50 MeV, R#1.1A1/3 fm, and aN#0.65 fm. The elemen-
tary $! production cross section was set to 35 %b/sr to be
compatible with the normalization of our experimental data.
The kinematic factor & , which accounts for the transforma-
tion between the two-body and A-body frames, was set to
0.73.
As a typical example of the angular dependence of the

differential cross section, the dashed line in Fig. 3 shows the
case of the ground state for V0$#14 MeV. In order to make
a comparison between the theory and the data, we calculate
the angle-averaged differential cross sections,
'(d2(/d)dE)(E)*and fold the results with the experimen-
tal resolution. However, we first present theoretical
12C(K!,K")$

12Be spectra which have not been folded by the
experimental energy resolution but have been angle-
averaged over 0°$#K"$14°. As shown in Fig. 5, the result
for V0$#20 MeV +dashed line,has two bound-state peaks,
corresponding to the $!s- and p-orbitals. The widths of
these peaks are determined using a one-boson-exchange
model to estimate the rate for the $N→-- conversion. For
the case of V0$#14 MeV, the p state is not bound but it is
calculated as a resonance state in the continuum; therefore a
sudden rise is seen just above the threshold in Fig. 5.
Figure 6 shows experimental excitation energy histograms

for 12C(K!,K")X for two different limits on the scattering
angle of the outgoing K", #K"$14°, and #K"$8°. The data
clearly show an enhancement around zero excitation energy
when compared to a Monte Carlo simulation based on qua-
sifree $ production which has been normalized to the total
number of 12C(K!,K")X events +curve QF,.

In the same figure, the $
12Be production theoretical curves

for several $ potential well depths, folded with the 6.1 MeV
rms experimental resolution, are shown for comparison with
the data. The expected location of the ground state of --

12 Be
+assuming a total binding energy of the -’s, B-- , of 25
MeV,and the thresholds for -

11 Be"- and 11B"$! pro-
duction are indicated. The normalization calculation for the
case #K"$8° is less sensitive to the model of angular de-
pendence because the spectrometer acceptance is fairly flat
over this region but drops rapidly for #K"%8° as shown in
Fig. 3; we present the results for both the entire acceptance
and for #K"$8° in Fig. 6.
Visual inspection shows that the theoretical curve for the

value of the $-nucleus potential well depth V0$#14 MeV
agrees with the data reasonably well in the region of excita-
tion energy !20 MeV$E$0 MeV and much better than
the curve for V0$#20 MeV. If any of the observed signal
results from direct two-- production without an intermediate
$
12Be state, the discrepancy between the V0$#20 MeV re-
sults and the remaining experimental signal becomes even

FIG. 5. Results of DWIA calculations, before folding by the
experimental energy resolution, for the 12C(K!,K")$

12Be reaction
for V0$#14 MeV and 20 MeV. The cross section has been aver-
aged over the kaon angular range 0$#K"$14°.

FIG. 6. Excitation-energy spectra from E885 for 12C(K!,K")X
for #K"$14° +top figure,and #K"$8° +bottom figure,along with
$
12Be production theoretical curves for V0$ equal to 20, 18, 16, 14,
and 12 MeV. The results of a quasifree $ production calculation
are also shown +curve QF,. The expected location of the ground
state of --

12 Be and the thresholds for -
11 Be"- and 11B"$! pro-

duction are indicated with arrows.

EVIDENCE OF $ HYPERNUCLEAR PRODUCTION IN . . . PHYSICAL REVIEW C 61 054603

054603-5

! = −2ハイパー核分光と相互作用研究

• ダブルΛ ハイパー核やΞハイパー核の
エネルギー準位の測定は数例のみ
– NAGARA (ダブルΛハイパー核)
– KISO (Ξハイパー核の束縛を示唆)

• 欠損質量分光
– KEK E224 (ΔE = 22 MeV FHWM)
– BNL E885 (ΔE = 14 MeV FWHM)
àいずれも束縛状態のピーク構造の直接測定
には至らず
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Fig. 1. A superimposed image from photographs and a schematic drawing of the KISO event.

Fig. 2. Close-up images around each vertex; see Fig. 1 for locations of points and tracks. (a) Points A and B.
From point A, an Auger electron can be seen below track #2. (b) Point C. (c) point D.

Table 1. Range and angle data of related tracks. The ranges and angles for tracks #1 and #2 are discussed in
the text. The total range was measured to be 77.1 ± 0.3 µm from point B to C.

Track Range (µm) theta (deg.) phi (deg.) Comments

#1 8.0 ± 0.3 133.0 ± 3.0 13.2 ± 3.2 Single-hypernucleus
#2 69.1 ± 0.5 40.4 ± 0.9 193.1 ± 1.2 77.1 ± 0.3 µm from B to C
#3 13.3 ± 0.4 102.3 ± 2.3 340.4 ± 1.6
#4 > 4990.7 145.0 ± 0.9 85.4 ± 1.3 Out of the emulsion stack
#5 6.7 ± 0.3 49.6 ± 4.2 132.6 ± 4.3 α from 8Be
#6 5.8 ± 0.3 131.0 ± 4.5 318.9 ± 4.7 α from 8Be
#7 2492.0 ± 3.9 43.1 ± 1.3 191.8 ± 1.5
#8 37.3 ± 0.7 131.9 ± 1.3 29.2 ± 1.3

consistent with the decay of the hyperfragment at points B and C, respectively. This event topology
is consistent with an event of at-rest capture of a "− hyperon by a 12C, 14N, or 16O nucleus in the
emulsion, followed by production of twin single-hypernuclei. In the case of "− hyperon capture by
these nuclei, the total A and Z numbers of the hyperfragments do not exceed 17 and 7, respectively.

3/11

D
ow

nloaded from
 https://academ

ic.oup.com
/ptep/article-abstract/2015/3/033D

02/2948241 by KYO
TO

 U
N

IV. SU
R

IKAISEKI-KEN
 TO

SH
O

 user on 20 January 2019

P.Khaustov et al., PRC 61 (2000) 054603 

.0. .3. 2 .1 , ),  (



5

be found in the recent references !2,9" in which the
(K!,K") cross sections for the 12C and 16O targets have
been estimated for pK!#1.6 GeV/c .
The calculation was performed for 0°$#K"$16° and a

series of Woods-Saxon $! well depth parameter values:
V0$#12, 14, 16, 18, and 20 MeV. The radius and skin depth
of the $ potential were fixed at R#1.1A1/3 fm and a$
#0.65 fm. The proton wave function in the 12C target was
generated using a Woods-Saxon potential with V0N
#50 MeV, R#1.1A1/3 fm, and aN#0.65 fm. The elemen-
tary $! production cross section was set to 35 %b/sr to be
compatible with the normalization of our experimental data.
The kinematic factor & , which accounts for the transforma-
tion between the two-body and A-body frames, was set to
0.73.
As a typical example of the angular dependence of the

differential cross section, the dashed line in Fig. 3 shows the
case of the ground state for V0$#14 MeV. In order to make
a comparison between the theory and the data, we calculate
the angle-averaged differential cross sections,
'(d2(/d)dE)(E)*and fold the results with the experimen-
tal resolution. However, we first present theoretical
12C(K!,K")$

12Be spectra which have not been folded by the
experimental energy resolution but have been angle-
averaged over 0°$#K"$14°. As shown in Fig. 5, the result
for V0$#20 MeV +dashed line,has two bound-state peaks,
corresponding to the $!s- and p-orbitals. The widths of
these peaks are determined using a one-boson-exchange
model to estimate the rate for the $N→-- conversion. For
the case of V0$#14 MeV, the p state is not bound but it is
calculated as a resonance state in the continuum; therefore a
sudden rise is seen just above the threshold in Fig. 5.
Figure 6 shows experimental excitation energy histograms

for 12C(K!,K")X for two different limits on the scattering
angle of the outgoing K", #K"$14°, and #K"$8°. The data
clearly show an enhancement around zero excitation energy
when compared to a Monte Carlo simulation based on qua-
sifree $ production which has been normalized to the total
number of 12C(K!,K")X events +curve QF,.

In the same figure, the $
12Be production theoretical curves

for several $ potential well depths, folded with the 6.1 MeV
rms experimental resolution, are shown for comparison with
the data. The expected location of the ground state of --

12 Be
+assuming a total binding energy of the -’s, B-- , of 25
MeV,and the thresholds for -

11 Be"- and 11B"$! pro-
duction are indicated. The normalization calculation for the
case #K"$8° is less sensitive to the model of angular de-
pendence because the spectrometer acceptance is fairly flat
over this region but drops rapidly for #K"%8° as shown in
Fig. 3; we present the results for both the entire acceptance
and for #K"$8° in Fig. 6.
Visual inspection shows that the theoretical curve for the

value of the $-nucleus potential well depth V0$#14 MeV
agrees with the data reasonably well in the region of excita-
tion energy !20 MeV$E$0 MeV and much better than
the curve for V0$#20 MeV. If any of the observed signal
results from direct two-- production without an intermediate
$
12Be state, the discrepancy between the V0$#20 MeV re-
sults and the remaining experimental signal becomes even

FIG. 5. Results of DWIA calculations, before folding by the
experimental energy resolution, for the 12C(K!,K")$

12Be reaction
for V0$#14 MeV and 20 MeV. The cross section has been aver-
aged over the kaon angular range 0$#K"$14°.

FIG. 6. Excitation-energy spectra from E885 for 12C(K!,K")X
for #K"$14° +top figure,and #K"$8° +bottom figure,along with
$
12Be production theoretical curves for V0$ equal to 20, 18, 16, 14,
and 12 MeV. The results of a quasifree $ production calculation
are also shown +curve QF,. The expected location of the ground
state of --

12 Be and the thresholds for -
11 Be"- and 11B"$! pro-

duction are indicated with arrows.

EVIDENCE OF $ HYPERNUCLEAR PRODUCTION IN . . . PHYSICAL REVIEW C 61 054603

054603-5

! = −2ハイパー核分光と相互作用研究

• ダブルΛ ハイパー核やΞハイパー核の
エネルギー準位の測定は数例のみ
– NAGARA (ダブルΛハイパー核)
– KISO (Ξハイパー核の束縛を示唆)

• 欠損質量分光
– KEK E224 (ΔE = 22 MeV FHWM)
– BNL E885 (ΔE = 14 MeV FWHM)
àいずれも束縛状態のピーク構造の直接測定
には至らず

2019/1/21 ELPH PAC meeting T. Harada 5

PTEP 2015, 033D02 K. Nakazawa et al.

Fig. 1. A superimposed image from photographs and a schematic drawing of the KISO event.

Fig. 2. Close-up images around each vertex; see Fig. 1 for locations of points and tracks. (a) Points A and B.
From point A, an Auger electron can be seen below track #2. (b) Point C. (c) point D.

Table 1. Range and angle data of related tracks. The ranges and angles for tracks #1 and #2 are discussed in
the text. The total range was measured to be 77.1 ± 0.3 µm from point B to C.

Track Range (µm) theta (deg.) phi (deg.) Comments

#1 8.0 ± 0.3 133.0 ± 3.0 13.2 ± 3.2 Single-hypernucleus
#2 69.1 ± 0.5 40.4 ± 0.9 193.1 ± 1.2 77.1 ± 0.3 µm from B to C
#3 13.3 ± 0.4 102.3 ± 2.3 340.4 ± 1.6
#4 > 4990.7 145.0 ± 0.9 85.4 ± 1.3 Out of the emulsion stack
#5 6.7 ± 0.3 49.6 ± 4.2 132.6 ± 4.3 α from 8Be
#6 5.8 ± 0.3 131.0 ± 4.5 318.9 ± 4.7 α from 8Be
#7 2492.0 ± 3.9 43.1 ± 1.3 191.8 ± 1.5
#8 37.3 ± 0.7 131.9 ± 1.3 29.2 ± 1.3

consistent with the decay of the hyperfragment at points B and C, respectively. This event topology
is consistent with an event of at-rest capture of a "− hyperon by a 12C, 14N, or 16O nucleus in the
emulsion, followed by production of twin single-hypernuclei. In the case of "− hyperon capture by
these nuclei, the total A and Z numbers of the hyperfragments do not exceed 17 and 7, respectively.

3/11

D
ow

nloaded from
 https://academ

ic.oup.com
/ptep/article-abstract/2015/3/033D

02/2948241 by KYO
TO

 U
N

IV. SU
R

IKAISEKI-KEN
 TO

SH
O

 user on 20 January 2019

P.Khaustov et al., PRC 61 (2000) 054603 

.0. .3. 2 .1 , ),  (

J-PARC E70

���
 (K-,K+) �����
à Ξ �������	��������



6

J-PARC E70 の実験セットアップ

 



7新設 S-2S 電磁石

Quadrupoles Q1 Q2

Field Gradient (T/m) 8.72 5.0

Weight (ton) 37 12

Aperture (cm) 31 36

Current (A) 2500 2500

Power (kW) 400     156

Dipole D
Field Strength(T) 1.5

Weight (ton) 86

Pole Gap (cm2) 32×80
Current (A) 2500

Power (kW) 450

	������ (TOF, DC, ���������)
����
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J-PARC E70 で目標とするエネルギー分解能

概要
• 12C(K-, K+)12ΞBe反応を用いた欠損質量分光
• 束縛状態のピーク構造を測定àΞN相互作用

欠損質量分解能 ΔM
• ∆" = (Δ&'()*), + (&'./01),

• ∆&'()*= 1̶1.8 MeV（FWHM）
• Δ"＜2 MeV を達成するためには、
→ 345678＜ 9. ; MeV が要求される

2019/1/21 8ELPH PAC meeting T. Harada
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高エネルギー分解能の必要性

欠損質量分解能ΔM < 2MeV により励起状態の分離が可能となる

2019/1/21 ELPH PAC meeting T. Harada 9

T. Motoba and S. Sugimoto, Nucl. Phys. A 835, 223 (2010) 

ESC08a

12C (K�,K�)12
ΞBe at 1.8 GeV/c

（核となる11Bの励起を考慮）
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高分解能を得つつ標的を厚くするために

例)   2 週間で200イベントを収集する場合、10 g/cm2 必要
à !strag ＞4 MeV（全幅）

2019/1/21 ELPH PAC meeting T. Harada 10

反応 断面積
(' < ) 度)

予想収量 (S-2S)
( /1 週間 / (1g/cm2) )

*+C(./, .1) 3
*+Be 89±14 nb/sr (*) 9 counts

(*) P. Khaustov, et al., PRC 60, 054603 (2000).

600k K- /spill ���

à"*,'���	���#(+$.�������
�����
à %&!)	����
à����-�����



11アクティブ標的
• シンチレーション光量から、イベントごとにK中間子の
エネルギーを補正

2019/1/21 ELPH PAC meeting T. Harada 11
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12アクティブ標的
• シンチレーション光量から、イベントごとにK中間子の
エネルギーを補正
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13アクティブ標的
• シンチレーション光量から、イベントごとにK中間子の
エネルギーを補正

• バックグラウンドを除去するため粒子識別が必要
– 標的をセグメント化
– ファイバーを使用

2019/1/21 ELPH PAC meeting T. Harada 13
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14E70 アクティブファイバー標的の構成

• 3mm φ���� (Saint-Gobain BFC-10; single clad)

– xx’yy’���	�� 9 �� E70 
���1800ch�

• MPPC (S13360-3075PE, Hamamatsu; 3 mm square, 75 μm���, ��� 82%)

• VME EASIROC

2019/1/21 ELPH PAC meeting T. Harada 14

10
.8 c
m

9.6 cm（xx’）32本

4.8 cm（yy’）
16本
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2.3 γϯνϨʔςΟϯάϑΝΠόʔ 17
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xʹ  
x

48 mm (16本)

96 mm (32本)
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・・・
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・
・
・

・
・
・

アクリル治具
ゴムシート

MPPC基板  
(16ch / 32ch)

ねじ止めシンチレーティング 
ファイバー 
（端面を研磨）

【拡大図】
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2.3 γϯνϨʔςΟϯάϑΝΠόʔ

γϯνϨʔςΟϯάϑΝΠόʔϓϥενοΫޫϑΝΠόʔͷҰछͰɼࡎޫܬೖΓͷϙϦ
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ͱੑΛද 2.1ʹࣔ͢ [26]ɻܗঢ়ɼஅ໘ੵؙ͕ܗͷͷͱ֯ܗͷͷ͕ଘ͢ࡏΔɻ
์ࣹઢ͕ϑΝΠόʔʹೖࣹͨ͠ࡍͷࣜਤΛਤ 2.4ʹࣔ͢ɻՙిཻ͕ࢠϑΝΠόʔʹͨΔ
ͱɼίΞ෦ͰγϯνϨʔγϣϯޫ͕ੜ͡Δɻੜͨ͡ޫɼίΞ෦ͱΫϥου෦ͷڥքͰ

શࣹΛ܁Γฦ͠ͳ͕ΒϑΝΠόʔதΛ͠ɼ໘ʹಧ͘ɻྟք֯ θc = asin(nclad/ncore)

ΑΓখ͍֯͞ͰΫϥουʹਐೖͨ͠ޫɼϑΝΠόʔʹด͡ࠐΊΒΕΔ͜ͱͳ͘֎෦ࣦ

͏ɻγϯνϨʔγϣϯޫͷूޫɼ3.44%ʢϑΝΠόʔதԝʣ͔Β 7%ʢίΞ-Ϋϥουڥք
ۙʣ[26]Ͱ͋Δɻ

アクティブファイバー標的の読み出し
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エネルギー分解能の評価@RCNP
ファイバー 1本のエネルギー分解能を評価

– 大阪大学核物理研究センター（RCNP）
– 陽子ビーム (!" = 64.6, 245 MeV)
– Grand Raiden (Δ%/% = 1/37000)
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will propose to have another test experiment at ELPH in November or December, 2019 if needed.

In addition, we are proposing to have an AFT test using the p(K−,K+)Ξ− reaction during the next

experiment, which would be E03 experiment (using KURAMA spectrometer), at K1.8 beamline in

January 2019. Yield of p(K−,K+)Ξ− was 210 counts/h with a 3-g/cm
2

polyethylene target at 300k K−

/spill, and an achieved resolution was about 20 MeV (FWHM) in E07 experiment in which KURAMA

was used. We request eight hours beam time on AFT to collect more than 8000 events with 500k

K− /spill so that we can suppress statistical uncertainty to be about 0.1 MeV for Ξ− peak center

measurement with the 20-MeV FWHM resolution. In addition, we request beam time of four hours for

AFT commissioning. Thus, in total, we request beam time of twelve hours for the test (p(K−,K+)Ξ−

measurement and commissioning). The analysis method to correct kaon energy loss in AFT will be

applied for the Ξ production along with a pattern recognition to distinguish kaons from background

particles which are originated from Ξ decay. The AFT analysis algorithm which is developed in the

Monte Carlo simulation will be optimized with these real data. In addition, we request to install and

test AFT being exposed to scattered particles at the most downstream of a spectrometer (KURAMA

in the case of E03) during the next beam time at K1.8 beamline. These data will allow us to perform

gain matching, to test long term stability and so on.

4.4 Energy-loss correction in AFT
In the following subsections, we describe how we use the active target in E70.
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Fig. 35. Results of the RCNP test run for the fiber scintillator. Top) Beam energy spread of 65-MeV proton
beam, Middle) Energy loss distribution measured with the Grand Raiden spectrometer for a φ3 mm scintillating
fiber (Widely distributed due to energy loss position dependence and straggling.), Bottom) After correction by
using the fiber light output, the width gets narrower.
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will propose to have another test experiment at ELPH in November or December, 2019 if needed.

In addition, we are proposing to have an AFT test using the p(K−,K+)Ξ− reaction during the next

experiment, which would be E03 experiment (using KURAMA spectrometer), at K1.8 beamline in

January 2019. Yield of p(K−,K+)Ξ− was 210 counts/h with a 3-g/cm
2

polyethylene target at 300k K−

/spill, and an achieved resolution was about 20 MeV (FWHM) in E07 experiment in which KURAMA

was used. We request eight hours beam time on AFT to collect more than 8000 events with 500k

K− /spill so that we can suppress statistical uncertainty to be about 0.1 MeV for Ξ− peak center

measurement with the 20-MeV FWHM resolution. In addition, we request beam time of four hours for

AFT commissioning. Thus, in total, we request beam time of twelve hours for the test (p(K−,K+)Ξ−

measurement and commissioning). The analysis method to correct kaon energy loss in AFT will be

applied for the Ξ production along with a pattern recognition to distinguish kaons from background

particles which are originated from Ξ decay. The AFT analysis algorithm which is developed in the

Monte Carlo simulation will be optimized with these real data. In addition, we request to install and

test AFT being exposed to scattered particles at the most downstream of a spectrometer (KURAMA

in the case of E03) during the next beam time at K1.8 beamline. These data will allow us to perform

gain matching, to test long term stability and so on.

4.4 Energy-loss correction in AFT
In the following subsections, we describe how we use the active target in E70.
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Fig. 35. Results of the RCNP test run for the fiber scintillator. Top) Beam energy spread of 65-MeV proton
beam, Middle) Energy loss distribution measured with the Grand Raiden spectrometer for a φ3 mm scintillating
fiber (Widely distributed due to energy loss position dependence and straggling.), Bottom) After correction by
using the fiber light output, the width gets narrower.
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18energy deposit of K’s.

Fig. 40. A typical event pattern for the Ξ hypernuclear production event.

Fig. 41. The velocity β distributions in the Ξ hypernucleus production events, including the decay products
(pion and proton).

In Fig. 42, the missing mass distributions of these hypernuclear events before and after the energy

loss corrections, taking account of the momentum resolution of the spectrometers, are shown. The

missing mass resolution is improved from 4.1 MeV(FWHM) to 2 MeV(FWHM).

4.5 DAQ, Electronics and Triggers
DAQ system and components in E70 will be almost same as those used for present experiments

in K1.8 Beamline. A schematic view of the DAQ system is shown in Fig. 4.5.

32

補正後の欠損質量分解能
(Geant4シミュレーション)

Fig. 42. Missing mass distributions for hypernuclear production before and after the energy loss corrections,
taking account of the momentum resolution of the spectrometers.

Fig. 43. Schematic view of DAQ system of E70

Modules used in E40 (2018.6) and E70 are compared in Table 4.5.
In E40 experiments, DAQ efficiency was examined changing trigger rate. 98.3 % DAQ efficiency

was achieved in condition with 1300 counts/spill Level1 trigger rate and 95.7 % DAQ efficiency
was achieved even in condition with 3000 counts/spill Level1 trigger rate. From this result, we can
conclude DAQ system has enough capability for E70 experiment in which estimated trigger rate is
less than 1000 counts/spill.

33
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19今後の開発事項（E70 AFT）

• パターン認識とアルゴリズム開発（進行中）
– 周囲に設置するドリフトチェンバの情報等を利用したパターン認識

• 多チャンネル読み出し下での性能確認
– ファイバー個体差による光量のばらつき
– ファイバーの組み上げ精度と位置分解能
– 計数率依存性(<500kHz @J-PARC E70)
– ビーム入射角依存性
– ビーム入射位置依存性
– ファイバー間のクロストーク

2019/1/21 ELPH PAC meeting T. Harada 19
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20今後の開発事項（E70 AFT）

• パターン認識とアルゴリズム開発（進行中）
– 周囲に設置するドリフトチェンバの情報等を利用したパターン認識

• 多チャンネル読み出し下での性能確認
– ファイバー個体差による光量のばらつき
– ファイバーの組み上げ精度と位置分解能
– 計数率依存性(<500kHz @J-PARC E70 ; 今回ELPHでは200 kHzまで試験)
– ビーム入射角依存性
– ビーム入射位置依存性
– ファイバー間のクロストーク
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• GeVガンマ照射室
• ビーム強度：数 kHzから200 kHzまでの5点

本申請実験のセットアップ

2019/1/21 ELPH PAC meeting T. Harada 21
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22本申請実験のセットアップ
• GeVガンマ照射室
• ビーム強度：数 kHzから200 kHzまでの5点
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• GeVガンマ照射室
• ビーム強度：数 kHzから200 kHzまでの5点

本申請実験のセットアップ
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24本申請実験のセットアップ
• GeVガンマ照射室
• ビーム強度：数 kHzから200 kHzまでの5点
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2.3 γϯνϨʔςΟϯάϑΝΠόʔ 17

৴߸ͷߴใؒ࣌ใΛऔಘ͢ΔɻΞΫςΟϒඪతɼ3mmܘͷϑΝΠόʔΛ XX′YY′

ʹΈɼͦΕΛߏ 9߹ΘͤͨߏΛͱΔɻਫฏํʹ 1໘͋ͨΓ 32ຊɼਨํʹ
1໘͋ͨΓ 16ຊฒɼશ෦Ͱ 864ຊͷϑΝΠόʔΛ༻͢ΔɻMPPCϓϦϯτج൘ʹෳ
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ਤ 2.3: ΞΫςΟϒඪతͷ༧ఆਤɻӈਤϑΝΠόʔͱMPPCͷ߹෦Λ֦େͨ͠ͷͰ
͋Δɻ

2.3 γϯνϨʔςΟϯάϑΝΠόʔ

γϯνϨʔςΟϯάϑΝΠόʔϓϥενοΫޫϑΝΠόʔͷҰछͰɼࡎޫܬೖΓͷϙϦ

ενϨϯͰग़དྷͨίΞ෦ͱϝλΫϦϧܥथࢷͰग़དྷͨΫϥου෦ͷೋॏߏʹͳ͍ͬͯ

ΔɻΫϥου෦ͷߏʹɼ1͔ΒͳΔγϯάϧΫϥουܕͱ 2͔ΒͳΔϚϧνΫϥο
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ͱੑΛද 2.1ʹࣔ͢ [26]ɻܗঢ়ɼஅ໘ੵؙ͕ܗͷͷͱ֯ܗͷͷ͕ଘ͢ࡏΔɻ
์ࣹઢ͕ϑΝΠόʔʹೖࣹͨ͠ࡍͷࣜਤΛਤ 2.4ʹࣔ͢ɻՙిཻ͕ࢠϑΝΠόʔʹͨΔ
ͱɼίΞ෦ͰγϯνϨʔγϣϯޫ͕ੜ͡Δɻੜͨ͡ޫɼίΞ෦ͱΫϥου෦ͷڥքͰ

શࣹΛ܁Γฦ͠ͳ͕ΒϑΝΠόʔதΛ͠ɼ໘ʹಧ͘ɻྟք֯ θc = asin(nclad/ncore)

ΑΓখ͍֯͞ͰΫϥουʹਐೖͨ͠ޫɼϑΝΠόʔʹด͡ࠐΊΒΕΔ͜ͱͳ͘֎෦ࣦ

͏ɻγϯνϨʔγϣϯޫͷूޫɼ3.44%ʢϑΝΠόʔதԝʣ͔Β 7%ʢίΞ-Ϋϥουڥք
ۙʣ[26]Ͱ͋Δɻ
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本申請実験で使用する検出器
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• トリガー用プラスチックシンチレータ（TS）
– 30mmH×40mmW×5mmD
– トリガー生成とビーム計数率測定

• ファイバートラッカー（FT）
– 有効面積30mm四方
– 1mm φ シンチレーションファイバー
– xx’yy’ 各30本
– MPPC（片読み）+ EASIROC、120ch
– 飛跡構成

• アクティブファイバー標的（AFT）
– xx’yy’を3組（E70で用いる実機の1/3）
– MPPC（両読み）+ EASIROC、576ch



26ビームタイム要求
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1日目 昼
検出器・DAQのコミッショニング

ü 全チャンネルのADC分布の確認
ü データ取得

1日目夜
データの解析・確認

2日目 昼
データ取得

ü 測定条件は12点
ü セットアップの変更

ද 1 ଌఆ݅

ϏʔϜܭ (kHz) ֯ (◦) Ґஔ (mm)

10 0 -32

10 0 32

200 0 0

150 0 0

100 0 0

10 0 0

1 0 0

10 0 0

10 40 0

10 50 0

10 55 0

10 60 0

5

ビームタイム = ２日間
(日中のみ; 9:00̶21:00)



27まとめ
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! = −$バリオン間相互作用の理解
– Ξハイパー核のピーク構造を測定 à ΞN 相互作用
– J-PARC E70 実験において高分解能・高統計でΞハイパー核分光
を目指す

これまでのアクティブファイバー標的の開発
– RCNPにおいて、エネルギー分解能の評価 (ΔE/E (σ) = 10% )
– Geant4モンテカルロシミュレーションによるエネルギー損失補正
後の欠損質量分解能の評価 (ΔM < 2 MeV/c2)

本申請実験
– 800 MeV/c 陽電子 or 電子 @GeVガンマ照射室
– ビーム計数率： 1, 10, 100, 150, 200 kHz
– 多チャンネル読み出し下での動作確認 (位置・角度依存性・クロス
トーク等)

– ビームタイム要求：２日間 (日中のみビーム 12時間 + 12時間)
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Back up
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Scintillating Core  n = 1.60

Optical Cladding  n = 1.49
Extra Mural Absorber (EMA)

Lost Photon

Total Internal 
Reflection

Particle

35.7°

68.6°

21.4° 3.44% x 2  π str

A Typical Round Scintillating Fiber

Optical cladding thickness: 
>5λ ( ≈3 microns), typically 
3 - 5% x OD
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ίΞ෦ Ϋϥου෦

࣭ࡐ ϙϦενϨϯ ϝλΫϦϧܥथࢷ

۶ં 1.60 1.49
ີ 1.05 1.2
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energy deposit of K’s.

Fig. 40. A typical event pattern for the Ξ hypernuclear production event.

Fig. 41. The velocity β distributions in the Ξ hypernucleus production events, including the decay products
(pion and proton).

In Fig. 42, the missing mass distributions of these hypernuclear events before and after the energy

loss corrections, taking account of the momentum resolution of the spectrometers, are shown. The

missing mass resolution is improved from 4.1 MeV(FWHM) to 2 MeV(FWHM).

4.5 DAQ, Electronics and Triggers
DAQ system and components in E70 will be almost same as those used for present experiments

in K1.8 Beamline. A schematic view of the DAQ system is shown in Fig. 4.5.
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30 ୈ 2ষ ΞΫςΟϒϑΝΠόʔඪతͷ։ൃ

ද 2.2: MPPCͷϐΫηϧϐονͷҧ͍ʹΑΔ։ޱͱݕग़ޮͷҧ͍ɻ

ϐΫηϧϐον 75 µm 50 µm 25 µm

։ޱ (%) 82 74 47
ग़ޮݕ (%) 50 40 25
ϐΫηϧ 1600 3600 14400

~ 6 mm
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ਤ 2.22: ͷϑΝΠόʔͷฒͼํɻҰ෦ͷΈΛ͍ࣔͯ͠Δɻػ࡞ࢼ

ಘͨɻҎԼͰଌఆݪཧΛઆ໌͢ΔɻΤωϧΪʔ͕ेࢠཻ͍ߴͰɼ୯Ґ͋ͨ͞ΓͷΤω

ϧΪʔଛࣦ dE/dxҰఆͰ͋ΔͱΈͳͤΔɻ͕ͨͬͯ͠ɼཻ͕ࢠϑΝΠόʔͷίΞதͰ௨ա

ΒΕΔɻਤ͑ߟΔͱ͋ʹͱϑΝΠόʔͷൃޫྔൺྫؔڑͨ͠ 2.22ʹ͓͍ͯɼfiber 1ͱ
fiber 3 ͷؔΛྫʹͱΔɻ؆୯ͷͨΊɼཻࢠ x ࣠ͱ y ࣠ʹਨʹೖࣹ͢Δͱ͑ߟΔɻՙి
Ґஔ͕ࢠཻ xͰϑΝΠόʔʹೖࣹͨ࣌͠ɼཻ͕ࢠ fiber 1ͱ fiber 3Λ௨Δڑ L1, L3 

L1 = 2
√
R2

c − x2 (2.2)
L3 = 2

√
R2

c − (R− x)2 (2.3)

Ͱ͋Δɻ͜͜ͰϑΝΠόʔͷܘΛ R, ίΞ෦ͷܘΛ Rc ͱͨ͠ɻൃޫྔ L1, L3 ʹൺ

ྫ͢Δ͜ͱ͔Βɼfiber 1ͱ fiber 3ͷޫྔͷؔਤ 2.23ʢࠨʣͷ੨৭ͷۂઢʹͳΔͱ༧͞
ΕΔɻͷ࣮ઢɼL1 = L3 ͱͳΔઢͰ͋Δɻ੨ͷ࣮ઢͱͷ࣮ઢަΛҰ͚ͭͩͭ࣋

(L1 = L3 ≃ 1.6R) ͨΊɼ͜ͷ࣌ͷϑΝΠόʔͷޫྔ͕ಘΒΕΕɼޫྔͱཻ͕ࢠίΞதͰ௨
աͨ͠ڑͷ͕ؔΘ͔Γɼࣜ 2.2Λ༻͍Δ͜ͱͰҐஔใΛಘΔ͜ͱ͕Ͱ͖Δɻ

˙։ൃ߲ࣄ ຊڀݚͰͷ։ൃ߲ࣄΛ·ͱΊΔɻ

• 1mm ͷܗɼؙܗͷ֯ܘ SCSF-78ͱɼ3mm ͷܗɼؙܗͷ֯ܘ BCF-10ʹ 2ͭͷΤω
ϧΪʔͷཅࢠϏʔϜΛরࣹ͢Δɻ

– ΤωϧΪʔଛࣦʹର͢ΔൃޫྔΛଌఆ͢Δɻ
– ΤωϧΪʔղΛଌఆ͢Δɻβ ʹΑΔҧ͍ΛௐΔɻ
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