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Research	at	DIvision	for	Exp.	Studies

Mysteries	of	the	Universe	
Why	no	anti-matter	?	

What	is	the	dark	matter	?	
What	is	the	dark	energy	?

New	Particle	Phenomena		
(accelerator)

New	astroparticle	phenomena	
	(non-accelerator)

DM#

 ν, 
γ 

Technology	development	&	Computing

SuperKEKB/Belle	II

LHC-ATLAS

Neutron LHCf	&	RHICf Cosmic-ray	and	X-ray	observations

Direct	&	
Indirect	Dark	
Matter	search

Center	for	Theoretical	Studies Laboratories	(KEK,	CERN,	Gransasso,	JAXA,	…)	
Universities	(Japanese,	Abroad)	



KMI recognized projects

FORCEXRISM
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4High Energy Physics at KMI

小林-益川理論（クォーク物理）

標準理論を超える新物
理の発見SM

3.8σ

SuperKEKB/Belle II

b τ
ボトムクォーク タウレプトン

c
チャームクォーク

KEK

• 小林-益川理論以外の対称性の破れの起源 
• タウレプトンにおける対称性の破れの探究

新物理の兆候を示すB崩壊
結果の検証

ミューオン

µ
J-PARC

Muon g-2/EDM @ J-PARC 

t
トップクォーク

LHC-ATLAS

CERN

H
ヒッグス

• トップ、ヒッグスの詳細な性質、対称性の破れ 
• 新粒子直接探索（第2のヒッグスなど）

ヒッグス機構の検証 
質量の起源（真空の相転
移）を明らかにする

2015 2020 2025 2030

LHC/ATLAS

SuperKEKB/Belle II

7-8TeV

30fb-1 150fb-1

13TeV 13-14TeV

300fb-1

高輝度化

15 ab-1 50 ab-1

初衝突 !準備

4000fb-1

1.5 ab-1

Muon g-2/EDM 450ppb 100ppb

準備



ATLAS physics achievements 5

KMI took leading roles in Higgs/SUSY analyses Y. Horii, S. Izumiyama
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Di-Higgs search with bbbb Search for long-lived particles 
(electroweakino in RPV SUSY)

PRD 108, 052003 (2023) 
PRL 133, 101801 (2024) JHEP 06, 200 (2023)

S. Hayashida, doctor’s degree (2023) M. Wakida, doctor’s degree (2023)
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ATLAS muon trigger operation/upgrade 6

• To take full advantage of HL-LHC, 
a new trigger/readout system was 
designed and production is ongoing. 
• KMI took a leading role in the 
development of electronics boards 
and fast muon tracking algorithm 
of the endcap muon trigger. 
• Schematic of both frontend/backend 
boards provided from KMI

• In 2023/24, KMI supported five 
travels of students (~400 days) 
• TGC oncall shifts: 170 days 
• Control room shifts: 20 x 8 hours 
• Integrated luminosity: 183 fb-1

Operation S. Izumiyama: TGC Run Coordinator (from Feb. 2025)

Y. Horii: Muon Trigger Coordinator (from Jan. 2024)Upgrade

Frontend boards: 
mass production (1540) and 
quality check completed.

Backend boards: 
final prototype 
fully tested



KMI/Nagoya at Belle II
7

Nagoya group takes leading roles: Particle ID, Computing, 
Physics analyses

T.I was the spokesperson from June, 2019 to June 2023.



KMI/Naoya makes significant contributions to these topics.
Two Ph.D.s
• K. Kojima: Search for lepton flavor universality violation in  decays using hadronic 
 tagging at the Belle II experiment

• Y. Sue: Precision measurement of the e+e- → π+π-π0 cross section using initial-state 
radiation











T-violation in compound nuclei

Suggest discovery potential for T-violation 
search competitive with neutron EDM

Enhanced symmetry violation appears  
in neutron resonance capture reaction.

σ ⋅ (k × I) In the case of 139La, 
P-violation is 106 times enhanced.

Epithermal Neutron Capture Reactions

n A
139La(En=0.734eV) 0.097±0.003

81Br(En=0.88eV)
111Cd(En=4.53eV)

0.021±0.001

−(0.013+0.007−0.004)

of p-wave resonance 
cross section

~ 2% of total cross section

σ ⋅ k
P-violation

Neu
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n E
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Statistical nature of  
compound states 

139La resonance Neutron EDM
30 days

at J-PARC 10-26 e cmcomplementary

Determine enhancement factor ~106

also for T-violation in 139La

κ = 0.59 ± 0.05

ΔσT = κ(J )
WT

W
ΔσP

Target candidate search
139La

117Sn
131Xe

T. Okudaira et. al. , Phys. Rev. C. 97 034622 (2018)
T. Yamamoto et al. Phys. Rev. C. 101, 064624 (2020)
T. Okudaira et. al. , Phys. Rev. C. 104, 014601(2021)
M. Okuizumi et al. Phys. Rev. C. accepted (2025)

J. Koga et. al., Phys. Rev. C. 105, 05461 (2022)
S. Endo et al.,  Phys. Rev. C.106 064601  (2022)

T. Okudaira et al. Phys. Rev. C 107, 054602 (2023)



R&D for T-violation search

T. Okudaira et. al., Nucl. Instr. Meth. A977, 164301 (2020)
T. Yamamoto et. al., Phys. Rev. C101, 064624 (2020)

K. Ishizaki, et.al., Nucl. Instr. and Meth. A1020, 165845 (2021)

n

A

(A+1)*

i
Σ
i
ai ( )Many correlation terms of (n, γ) 

reaction can be used to study the 
statistical nature of compound states.
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1
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1
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7T magnet

polarized La target

Epithermal Neutron Capture Reactions
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Epithermal Neutron Capture Reactions

n A
139La(En=0.734eV) 0.097±0.003

81Br(En=0.88eV)
111Cd(En=4.53eV)

0.021±0.001

−(0.013+0.007−0.004)

of p-wave resonance 
cross section

~ 2% of total cross section
J-PARC BL22 RADEN

f = A0 +B0� · Î + C 0� · k̂ +D0� · (Î ⇥ k̂)

Demonstration of T-violation search
Asymmetry of absorption

 was observed.

Neutron beam polarization
3He spin filter for eV neutrons is  
available now! P~80% at 0.75eV
In-situ system is also available.

浅井寛太 1,2、猪野隆 3、遠藤駿典 2,1、奥隆之 2,4、奥泉舞桜 1,2、奥平琢也 1,2、加倉井和久 5 
北口雅暁 1、木村敦 2、小林龍珠 2、清水裕彦 1、髙田秀佐 5,2、髙橋慎吾 4,2

複合核を用いた未知相互作用探索実験のための熱外中性子用3Heスピンフィルターの開発

偏極用コイルの磁場シミュレーション
有限要素法を用いて静磁場シミュレーション 

3He偏極緩和の大きさ を計算ΓB = D
|∇Bx |2 + |∇By |2

B2
0→7つのパラメータを最適化

[mm]

[mm]

メインコイル

補償コイル

磁気シールド

最適化後の 計算結果ΓB他の緩和要因よりも十分影響が小さく 
In-situ SEOPの要求を満たすコイルを設計

1.00E-04

1.00E-03

1.00E-02

1.00E-01

2 4 5 6 7 8 10 12 14 16 18 20

1層 2層 3層 4層 6層

 [/hour]ΓB

補償コイル巻き数

補償コイル層数

補償コイルの層数、巻き数に対するΓB

まとめ
・熱外中性子用3Heセルを作成、磁場設計したコイルを用いて偏極に成功
光学系の最適化を行い偏極率80%を目指す 
　　　　　　　　　　→2025年度J-PARC BL04でビーム実験を予定

Development of a 3He spin filter for epithermal neutrons 
to search for unknown interactions using compound nuclei

1 名古屋大学、2 原子力機構、3KEK、4 茨城大学、5 東北大学

中性子ビームライン上で3He偏極
In-situ SEOP

偏極が緩和せず統計精度向上

→ビームライン導入に伴いコイルサイズに制約あり

In-situ SEOP Boxおよび光学系を設計

中性子偏極率
Pn = tanh(PHendσ)

3Heスピンフィルター
偏極3Heの中性子吸収断面積のスピン依存性を利用

3He偏極方法：SEOP法
円偏光レーザーにより偏極したアルカリ金属と 
3Heのスピン交換によって偏極

： 数密度,  ：ガス厚 
： 中性子吸収断面積

n 3He d
σ 3He

0.75 eV中性子偏極率：30~40%
75 mm 3Heスピンフィルター

( 偏極率：80%, 長さ：75 mm、封入量：3 atmの場合)3He

偏極中性子
偏極3Heセル

非偏極中性子

75 mm
→平行なスピンの中性子を多く透過

静磁場

B0コイル

より高偏極を目指したい

経過時間 [hour]

偏極 原子核139La

偏極中性子

+

複合核を用いた未知相互作用探索実験 
J-PARC E-99

139La + n → (140La)* →140 La + γ

線γ

複合核

中性子 
E = 0.75 eV

原子核139La ←複合核反応において 
　時間反転対称性の破れの効果が 
　大きく増幅されることが予測

中性子吸収断面積のスピン依存性から 
時間反転対称性の破れた未知相互作用を探索

→0.75 eVの偏極熱外中性子が必要
-

N   PTREX
Neutron Optical Parity and Time-Reversal EXperiment 

N   PTREX
Neutron Optical Parity and Time-Reversal EXperiment 

N   PTREX
Neutron Optical Parity and Time-Reversal EXperiment 

N   PTREX
Neutron Optical Parity and Time-Reversal EXperiment 

N   PTREX
Neutron Optical Parity and Time-Reversal EXperiment 

N   PTREX
Neutron Optical Parity and Time-Reversal EXperiment 

約1/3の時間で 
従来の統計精度を達成可能

中性子偏極率,透過率,偏極率に比例する物理量のFOM
Neutron Energy [eV]

ガラス容器を純化後 
Rb, K, N2, 3He (３ atm)封入

熱外中性子用3Heガラスセルの作成

200 mm
0.75 eV中性子 
偏極率期待値：約80%

偏極率：80%の場合3He

偏極率：80%の場合3He

セル温度：210℃ 
レーザー：70 W

セル温度：220℃ 
レーザー：70 W

セル温度：220℃ 
レーザー：80 W

セル温度：225℃ 
レーザー：80 W

AFPNMR Signal [V]

2024/11/27 First Test

熱外中性子用3Heガラスセル偏極テスト
設計したコイルと既存レーザーシステムを用いて偏極

振動磁場の周波数 [Hz]

コイルで検出した 
2度のAFPNMR信号の差 [V]

NMR信号を確認 
→3He偏極及び反転に成功

Flip Loss ~0.05%

最大到達偏極率：~30% 
（EPRを用いて偏極率に校正）

偏極緩和時間 ～38 [hour] 
→偏極成長に影響小

・レーザーが平行化できていない 
・レーザー出力, サイズ

偏極率が上がらなかった要因

B0コイル 振動磁場印加用コイル

795 nm円偏光レーザー

→光学系の最適化が必要

振動磁場の周波数を掃引

Target nuclei polarization

異なる結晶のDNP実験

偏極度~ 19%

Nd：0.01mol%

ボルツマン分布と一致
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偏極度：18.6±0.03 %
DNP signal enhancement

Dynamic nuclear polarization 
for 139La with LaAlO3 crystal

PLa→31.9%

K. Ishizaki, et.al., Rev. Sci. Instrum. 95, 063301 (2024)
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0.75eV resonance

As =
NP − NA
NP + NA

This asymmetry can be 

translated into an upper 

limit on CP violation.

Same order of nEDM with 10-19 e cm (~ first nEDM limit)

R. Nakabe et al., Phys. Rev. C. L041602 (2024) 

T. Okudaira et al., Phys. Rev. C., 109, 044606 (2024) 
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kn
σn

I kγ

Pol. targetPol. neutron

γ-polarimeter
Ge detector

available now!

S. Endo et. al. Eur. Phys. J. A 60:166 (2024)

R. Nakabe, PhD thesis (2024)
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“動力学的回折を用いた精密測定” 
2022年5月30-31日 FPUR2022 @ RCNP 
名古屋大学 素粒子物性研究室 D3 藤家 拓大 page

実験結果

/ 28

Si単結晶を用いた実験結果；

中性子電子散乱長と温度因子を決定 & 未知相互作用の存在制限範囲を更新

7KLV�:RUN

3RNRWLORYVNL�����

+DGGRFN�HW�DO������

.DPL\D�HW�DO������

0RKLGHHQ�HW�DO������

Figure 3: Limits (95 % confidence) on the strength of a Yukawa-modification to gravity ↵G

compared to previous experiments as a function of force’s range �5. The same limits constrain

the coupling to nucleon number g2
S

of a new scalar with mass m5. The shaded region is ex-

cluded. All curves are neutron scattering experiments, except for Mohideen et al. 1998 (32),

which measures Casmir forces.

17

by Heacock et. al., Science 373 6560 (2021)

λ5 ~ 10 nm付近で

最大2桁程度更新

of the Yukawa potential in (5). The Yukawa potential can also be expressed in terms of a
distance-dependent gravitational ‘constant’

α= + λ∞ −( )G r G( ) 1 e . (6)r
Yukawa

Then, the relation between GN and ∞G is

⎪

⎪

⎧
⎨
⎩

α λ
λ

= →
+ ≪

≪
∞

∞

( )
( )

G G r
G r

G r
( )

(1 ) ,

.
(7)N N

N

N
Yukawa

For Fujiiʼs specific prediction, = ∞G GN
4
3

is obtained when α = 1 3 and λ ≫ rN . We can
assume =∞G GN only when λ ≪ rN . For other cases, we cannot, in general, use the measured
value GN as ∞G in (5).

Triggered by Fujiiʼs proposal, a number of modern experiments were performed at
geophysical (∼km) and laboratory (∼m) scales. The experimental constraints on the Yukawa
parameters are shown in figure 1. This so-called α λ− plot was first introduced by Talmadge
as a model-independent expression of experimental constraints (Talmadge et al 1988).

In 1976, Long claimed that he had found evidence for a distance dependence in G of the
form = +∞G r G r( ) (1 0.002 ln [ cm])Long at a cm scale (Long 1976). Many laboratory
Cavendish-type experiments tried to confirm his result; however, all attempts failed to con-
firm any violation of the Newtonian inverse square law. Then, in 1986, Fischbach claimed
that there must be composition dependence in G; this was based on the reanalysis of the
classic Etövösh experiment data (Eötvös et al 1922). This argument is known as the ‘fifth
force,’ which can be expressed as

α= + λ∞ −( )G r G q q( ) 1 ˜ e , (8)r
5 1 2

where qi is a generalized point charge for particles =i 1, 2, divided by their masses mi, which
are normalized by the hydrogen mass mH (Fischbach et al 1986). For example, if the

Figure 1. Experimental constraints on the parameters α (coupling strength) and λ
(range) of the Yukawa interaction for α >( 0). The shaded area indicates the excluded
area at a 95% confidence level. The constraint curves for over km scales are taken from
Fischbach and Talmadge (1999) and Adelberger et al (2009). See section 3 for short-
range tests at below laboratory scale.
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ペンデル干渉を用いた中性子電荷半径、結晶格子 
ダイナミクスの精密測定と、未知相互作用の探索
Pendellösung interferometry probes the neutron charge radius, lattice dynamics, 
and fifth forces

Science 09 Sep 2021: Vol 373, Issue 6560, pp. 1239-1243 
DOI: 10.1126/science.abc27949月9日号 Report

中性子の定在波が 
結晶内部の相互作用を解き明かす
中性子や電子、X線などの量子力学的波動は、特定の条件下
で単結晶試料に入射すると結晶内における原子の周期的なポテ
ンシャルを反映した干渉模様が観測できる。これをペンデル干渉
と呼び、その原理は50年以上前に実証された。入射粒子に透
過力の高い中性子を用いることで結晶の内部まで観察すること
ができるが、その測定精度は結晶の品質や試料の形状精度に
依存することから精密測定が困難であった。
本研究では高純度シリコン単結晶試料に超精密加工を施し、中
性子干渉計を用いた測定を組み合わせることで、結晶構造因子
の不確かさを4倍向上することに成功した。中性子の運動量移
行に対する依存性から結晶構造の温度ゆらぎに新たな実験値を
与えた。同様にして中性子内部の電荷分布についても求めるこ
とができた。ペンデル干渉の精密な測定は、中性子と原子の間
に働く未知の相互作用を探索する実験にも利用できる。宇宙の
加速膨張の起源などは現代物理学の4つの基本相互作用では
説明できず、未知の力の存在が提案されている。今回の測定で
未知力の正体を掴むには至らなかったが、その存在のパラメータ
領域を先行研究の10倍以上制限することに成功した。

小規模実験の愉しさ
本研究では小規模な基礎物理実験に最先端の超精密加工技術を取り入れることで、大規模実験に対して遜色ない
実験結果を得ることができました。この成果は小規模実験が新物理を切り拓く第一歩であり、今後の物理学を先導す
る実験を行う鍵となると考えています。少人数で実験と議論を繰り返し、自らの手で未知の世界にアプローチできるの
は非常に魅力的です。

1 National Institute of Standards and Technology
2 Department of Physics, North Carolina State University
3 Triangle Universities Nuclear Laboratory
4 Department of Physics, Nagoya University
5 RIKEN Center for Advanced Photonics, RIKEN
6 Institute for Physical Science and Technology, University of Maryland
7 Department of Physics and Engineering Physics, Tulane University

Figure and Note

図1：ペンデル干渉の測定体系
中性子を単結晶試料にBragg条件を満たすよう入射する。結晶をθP軸方向に回転させる
ことで中性子の透過厚を変化させ、干渉縞を測定する。
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alyzing the momentum transfer (q) dependence (or, equiv-
alently, the energy and angular dependence) of neutron-
noble gas scattering measurements performed on a cold
neutron beamline, and published in [5].

1.1 Methodology

In general, the nonrelativistic limit of a quantum field the-
ory describing the exchange of a single massive boson
generates a potential of Yukawa form in position space.
We may treat this interaction as a perturbation to the New-
tonian force so that the potential V(r) between masses of
m and M can be described as

V(r) = �GN

mM

r
(1 + ↵ e

�r/�) (1)

where r is distance between the masses, ↵ parametrizes the
strength of the short-range interaction relative to gravity,
� is the Compton wavelength of the exchange boson (or,
equivalently, the interaction length scale), and GN is the
gravitational constant. The contribution to the total neu-
tron - noble gas scattering length is computed simply in
the first Born approximation as the Fourier transformation
of Eq. 1 into the q - plane and is given as

bY(q) = ↵
✓2GNm

2
nMA

~2

◆ 1
��2 + q2 (2)

where MA is the mass of the atom, mn is the neutron mass,
and ~ is the reduced Planck’s constant. The momentum
transfer, q, is given in terms of the neutron wavelength and
scattering angle ✓ measured with respect to the incident
neutron path as

q =
4⇡
�n

sin
✓ ✓
2

◆
. (3)

We constructed a simple scattering apparatus whose
essential components consist of a gas cell, an evacuated
scattering chamber (also called the “vacuum chamber”)
and a 3He position sensitive detector. The layout is shown
in Figure 1, and the apparatus functionality and compo-
nents are described in detail in [5].

Figure 1. Layout of our experiment as mounted on BL05 at the
MLF facility at J-PARC. Image taken from [5].

During our run in late 2016 on BL05 the beam power
to MLF was an average of 150 kW (1.1⇥106 incident neu-
trons/sec). We recorded 2.5 ⇥ 106 scattering events for
evacuated cell, 2.8⇥106 for He gas-filled cell, and 1.1⇥107

scattering events for the Xe gas-filled cell. Each event was

recorded with time of flight and position information from
a 3He PSD which allowed us to construct the scattered in-
tensity I(q).

Gas purity was maintained using flow - controlled cir-
culation through a rare gas purifier whose outlet gas purity
is rated to be less than 0.01 ppm for H2O, N2, O2 or hydro-
carbons, to ensure there are no measurable q - dependent
e↵ects from neutron - hydrocarbon scattering. The region
of q used for analysis was chosen to be between 1 and 4
nm�1, in order to remove e↵ects from the beam stopper at
low q and possible di↵raction e↵ects at the larger q.

1.2 Results

The complete theoretical expression for I(q) normalized
by the solid angle is given to su�cient accuracy for neu-
tron scattering from non - interacting gases in for example
[6] and [7]. When one includes the e↵ects from the in-
teratomic pair potential between gas atoms, small di↵rac-
tion e↵ects appear [8]. These e↵ects are negligible at our
present statistical precision however they must be consid-
ered when additional data is analyzed to extract the total
scattering cross section (c.f. Section 2).

We developed a Monte Carlo simulation to reproduce
our experimental data using the measured time-of-flight
spectra and incident flux as input. This data was then com-
pared with our measured I(q) spectra. By introducing the
hypothetical Yukawa-like interaction into our simulation
we were able to place constraints on the possible values of
↵ as a function of interaction length � that could be con-
sistent with our results within error. These constraints are
given by the red line in Figure 2.

Figure 2. Constraints on Yukawa-like gravity parameter ↵ as a
function of interaction length � by comparing measured q spectra
to simulated data. Image taken from [5]

B. Heacock et. al., Science 373 6560 (2021)
C. C. Haddock, et al., Phys. Rev. D97, 062002 (2018)
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N∑

i=0

αGmmT

|r − ri|
exp

(
− |r − ri|

λ

)
(1.43)
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fYnano(q) =
m

2πh̄2

∫
dr′ exp(iq · r′)

N∑

i=0

[
αGmmT

|r′ − ri|
exp

(
− |r′ − ri|

λ

)]

" −2αGm2mT

h̄2

1
1
λ2 + q2

N∑

i=0

exp (−iq · ri)

" fY(q)
N∑

i=0

exp (−iq · ri) (1.44)
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“多層膜パルス中性子干渉計の開発について” 
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各種試料による位相差測定

Out

In; Si 0.287 mmt

Out

実験で得られた位相差は理論計算と 
比例関係にあり, 無矛盾  バナジウムだけ合わない？

試料有無の位相差を求める

T. Fujiie, et al., PRL 132, 023402 (2024)

Precision measurements of neutron-nuclear  
scattering lengths were demonstrated.

Phase-shift 

was observed

due to refractive

index of sample

Interferometer



J-PARC BL05 NOP

Neutron EDM using high-flux UCNs

TUCAN Source & nEDM Spectrometer
He cryostat, LD2 cryostat

n Moderator &

UCN production volume

Target

20kW Proton beam

B=3.5T

by SCMPolarized UCNs

EDM cell
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Magnetically Shielded Room

(Spin precession chamber)
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Permanent EDM signals
Time-reversal violation.
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UCN Source

Delivered to TRIUMF

UCN guide development at J-PARC

TUCAN apparatus development in Japan

nEDM Spectrometer

Spin analysis &
UCN detection

Helium-3 cryo. development
at KEK/Tsukuba

Spin Analyzer Development at J-PARC

W target

Proton Beam
(480 MeV, 40 μA）
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UCN Source

Delivered to TRIUMF

UCN guide development at J-PARC

TUCAN apparatus development in Japan

nEDM Spectrometer

Spin analysis &
UCN detection

Helium-3 cryo. development
at KEK/Tsukuba

Spin Analyzer Development at J-PARC

W target

Proton Beam
(480 MeV, 40 μA）
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Helium Cryostat Development
Helium-3 cryostat

 Design value
tradeoff between cooling power and helium consumption 
 Cooling power 10 W @ 0.8 K
 Helium-4 consumption < 40 L /hour

 Heat exchangers
 Heat exchangers

 Counter flow type
 HEX-7: 300 K -> 10 K
 HEX-5: 4.2 K -> 2.8 K (4He)
 HEX-4: 4.2 K -> 2.8 K (3He)

 Cooling bath
 HEX-6 @ 4.2 K: 4He in ambient pressure
 HEX-2 @  1.6 K: 4He in 750 Pa after JT expansion
 HEX-1 @ 0.8 K: 3He in 380 Pa after JT expansion

Fabrication and test completed, shipped to TRIUMF
Test at KEK
 use helium-4 instead of helium-3
 confirm designed performance

 minimum temperature 1.25 K (pumping speed: 2,000 m3/hour)
 no superleak

 HEX1 fabrication ongoing 15Flow diagram

liquid3He

superfluid helium

S. Ahmed, et.al.,  
Phys. Rev. C 99, 025503 (2019)

J-PARC BL05 NOP

TRIUMF

Neutron Lifetime
CKM Unitarity check
Big Bang Nucleosynthesis
Decay to dark channel?

Y.	Fuwa	et	al.,		arXiv:2412.19519v1

J-PARC BL05 NOP

New type of in-beam 
measurement with 
pulsed neutrons

https://arxiv.org/abs/2412.19519v1


















Concept of tau neutrino experiment 
   -cross section (etc.) measurement -    

	
detector

             𝝂𝝉
Proton	beam

	
	target	(tungsten)
𝝂𝝉 𝒑𝒓𝒐𝒅𝒖𝒄𝒕𝒊𝒐𝒏 

Rejection	of	Charged	tracks	
Neutron	Absorber	 	beam𝝂𝝉

𝐷+

𝐷𝑠 𝜏
𝜈𝜏

𝜈𝜏
 𝑋

𝑋′ 

Proton

		source:　	 	𝜈𝜏 𝐷𝑠 → 𝜏 → 𝑋
𝜏𝜈𝜏

𝑋

	detection𝜈𝜏

5mm≃
ντ	detection:		SHiP	etc.ντ	production	study:	DsTau

• No	data	of	Ds	differential	production	cross-section	
• Larger	~50%	uncertainty	of	ντ	flux	
• Detecting	1000	Ds	->	tau	->	X	events		
• Reduce	the	uncertainty	to	10%	

• 9	ντ	detected	by	DONuT	(bam	ντ	).	
						33%	statistical	error	
• 10	ντ	detected	by	OPERA	(Oscillated	ντ		)		
• SHiP	~　10000　events		a	few	%	

statistical	error



DsTau activities
• 2021-2023	CERN-SPS	400	GeV	proton	irradiated	to	Emulsion	chamber.		
					-	In	total	2.04	x	108	p-tungsten	(molybdenum)	interactions	are	accumulated	in	the	detectors.		
					-	For	the		exposures,	emulsion	films	were	produced	at	Nagoya	University	and		assembled	at	CERN	
										with	plastic	spacers	and	tungsten	(molybdenum)	plates.	
• A	paper	appear	soon,	accepted	by	EPJC,	arXiv:2411.05452v1		
						discussing	proton-tungsten	interaction	features	and	report	its	interaction	length.	
• Ds->tau->X	signal	event	search		
				Several	candidates	events	are	found	in	subsample	of	1.9	x	106	p-tungsten	interaction.	
				Detailed	analysis	is	on	going	

Proton	
Exposure	
runs

Detector	
Modules	

Used	
Emulsion	
films	
	area	(m2)

Integrated		
Module	
number

Integrated	
Accumulated	
proton-
W(Mo)	
interactions		

(x	108	)
Pilot	run	
2018

	¼	x	30	=					
														7.5	

		　49 　　7.5 													0.19

Physics	run	
2021

													17　 　110 						24.5 													0.61

Physics	run	
2022

													17　 　110 　  41.5 													1.04

Physics	run	
2023

	　　  40 				260 						81.5 										2.04

A	Ds	->	tau	->	X	associating		
p-tungsten	interaction	candidate	
	found	in	preliminary	analysis.	
The	display	is	from	beam	direction	view.

Ds
tau

X

Partner	Charm
400GeV		
proton

100um



FASERν 

• Emulsion-based	detector	
• 730	×	[tungsten	(1.1	mm	thickness)	+	emulsion	film]	
• 250	mm	×	300	mm,	1	m	long,	1.1	tons	(220	X0)	
• Install	(exchange)	emulsions	3	times	a	year

• ν flavor identified with topological/kinematical info.
Emulsion film

Tungsten plate (1.1 mm)

Interface Tracker: 3 layer silicon-
strip tracker

Veto scintillator (2 
layer)• Global reconstruction with FASER spectrometer

• Muon charge identification (νμ)



First cross section measurement at TeV energy region Using 9.5 fb-1 and 128.6 kg 
target 
   4 νe CC found in ECC 

σ(νe + N)/E  = 1.2 -0.8 
-0.7  x 10-38 cm2/GeV

8 νµ CC found in ECC 
 σ(νµ +N)/E =  0.5 ± 0.2  x 10-38 cm2/GeV







High-energy X-ray astrophysics and X-ray/MeV 
detector developments 

2023-25 Achievements

XRISM (X-Ray Imaging and Spectroscopy Mission)

KMI Int. Panel UxgDivision of Origin of Spacetime Structures

A JAXA-lead X-ray astronomy satellite, developed 
with NASA and ESA, launched in 2023. It focuses on 
super high resolution spectroscopy. First papers are 
coming out. Optical image

XRISM high-resolution spectra

existing CCD spectra



High-energy X-ray astrophysics and X-ray/MeV 
detector developments 

2023-25 Achievements
KMI Int. Panel UxgDivision of Origin of Spacetime Structures

Hot gas is moving compare to the central 
galaxy. Looks like faster to the south-west. 
à "Sloshing" is taking place.

−179±21 km 
s−1

−197±16 km 
s−1 

−305±17 km 
s−1

−128±6.3 km 
s−1

−179±21 km 
s−1 

Nature, Article, Published: 12 February 2025



KMI Int. Panel UxgDivision of Origin of Spacetime Structures

X-ray observation of merging 
cluster of galaxies

Si/CdTe hard X-ray/MeV detector 
development "miniSGD"

"Development of miniSGD"
Okuma, Nakazawa et al. 2023

2023-25 Achievements
High-energy X-ray astrophysics and X-ray/MeV 
detector developments 

"Indications of an offset merger in Abell 3667", 
Omiya, Nakazawa + 2024



High-energy X-ray astrophysics and X-ray/MeV 
detector developments 

2023-25 Achievements
KMI Int. Panel UxgDivision of Origin of Spacetime Structures

COSI (Compton Spectrometer and Imager) 
A NASA-SMEX mission to be launched on 2027, to 
"revive the MeV astronomy" after 27 years of gap.

0.511 MeV



KMI Int. Panel UxgDivision of Origin of Spacetime Structures

Thundercloud gamma rays 
2023-25 Achievements

35

Enoto, Wada, Nakazawa et al. 2017

Nakazawa, Oguchi et al. 2025
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放電位置
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90°
東

60	°

30	°

方位角

高度1-2	km付近が	

負に帯電(修論§4.2.2参照)	

=TGF発生高度上限

Gamma rays from lightning flash are direct evidence of a newly 
identified MeV-electron acceleration mechanism in nature. We 
detected its acceleration origin by novel "TGF imager".


