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Research at Dlvision for Exp. Studies

New Particle Phenomena New astroparticle phenomena
(accelerator) (non-accelerator)
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Neutron LHCf & RHICf Cosmic-ray and X-ray observations

Mysteries of the Universe et s
Why no anti-matter ? indirect Dark
What is the dark matter ?

What is the dark energy ?

Technology development & ComputiniI

Center for Theoretical Studies
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ATLAS physics achievements

KMI took leading roles in Higgs/SUSY analyses

Di-Higgs search with bbbb
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ATLAS Expected limit (95% CL)
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PRD 108, 052003 (2023)
PRL 133, 101801 (2024)

S. Hayashida, doctor’s degree (2023)

Search for long-lived particles
(electroweakino in RPV SUSY)
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JHEP 06, 200 (2023)

M. Wakida, doctor’s degree (2023)

Y. Horii, S. lzumiyama

gg—H, 1-jet, 120 = p? <200 GeV

9g—>H, = 1-jet, 60 = ' < 120 GeV

g9g—H, = 2-jet, m, < 350, 120 = p;‘ <200 GeV

9g—H, = 2-et, m = 350 GeV, p: <200 GeV

gg—H, 200 = p: <300 GeV

gg—H, pl! =300 GeV

q'—~Haq’, = 2-et, 60 =, <120 GeV

qq'—Hqq, = 2-jet, 350 = m < 700 GeV, p: <200 GeV
aq'—~Hag’, = 2-et, 700 = m <1000 GeV, plf <200 GeV
q'->Had, = 2-et, 1000 < m, <1500 GeV, P <200 GeV
aq'—Hqq', = 2-jet, m = 1500 GeV, p: <200 GeV
9'—~Hag’, = 2-et, 350 = m, <700 GeV, p}! =200 GeV
qq'—+Hqq’, = 21et, 700 < m <1000 GeV, p: =200 GeV
q'-+Hag’, = 2-et, 1000 = m, <1500 GeV, p = 200 GeV
9'—~Hag’, = 2-jet, m = 1500 GeV, p! = 200 GeV

tH, p!! < 200 GeV

1tH, 200 = p: <300 GeV

tH, p!* = 300 GeV

H— 1 T STXS measurement
(focus on VBF H production)

Accepted by JHEP
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Y. Mitsumori, doctor’s degree

candidate (2025)




ATLAS muon trigger operation/upgrade °

Operation S. Izumiyama: TGC Run Coordinator (from Feb. 2025)
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T180—ATLAS {s-13.6TeV
Online Luminosity

[ LHe petivered

- In 2023/24, KMI supported five
travels of students (~400 days)

- TGC oncall shifts: 170 days
- Control room shifts: 20 x 8 hours
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- Integrated luminosity: 183 fb-!

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

A cavon o ||

* To take full advantage of HL-LHC, N e [ %
a new trigger/readout system was | s issasi
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.

Frontend boards: Backend boards:
- Schematic of both frontend/backend mass production (1540) and final prototype

boards provided from KMI quality check completed. fully tested



KMI/Nagoya at Belle |l

Time-Of-Propagation
(TOP) counter is

a novel Cherenkov

New Physics

Gn starts in Dec. 2018
in starts in Dec. 2017

detector for particle Bal test run in 2017

Software
S (Slovenia), Nagoya,

PNNL :USA% elc.

Siepsten | mecanis [ IS

leat by Nagoya KEK, Nagoya, PNNL (USA), etc.
\

Belle Il TDR, arXiv:1011.0352 KL and muon detector o

by Laser calibration
Resistive Plate Counter (barrel outer layers) system INFN (italy)
Scintillator + WLSF + MPPC (end-caps, inner 2 4

EM Calorimeter
CsI(T1), waveform sampling
Pure Csl + waveform sampli N

Readout electronics
i, PNNL, etc. (USA)/

Quartz radiator
Nagova, PNNL Cincinnati (USA

~—

ntification
agation counter (barrel)
Aerogel RICH (forward)
x lower than in Belle

electrons (7GeV) -

Vertex Detector
2 layers Si Pixels (DEPFET) +
4 layers Si double sided strip

positrons (4GeV)

D
/O
Belle I

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

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




Flavor Anomalies

There is still no indication of physics Beyond the Standard Model (BSM) at LHC.
Flavor physics experiments play important roles.

“Muon g-2 anomaly”

—_~

R(D*

04

0.35

0.3

0.25

| L

1 HFLAV
L eomizoe | Bell®

“B anomalies”

e.g.; Test of lepton-flavor-universality
w/ B semileptonic decays
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R(D) = 0298 £0.004

R(D*) = 0.254 +0.005
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KMI/Naoya makes significant contributions to these topics.

< 5.00 >
+—e—
Significance will likely decrease Fermilab 1+2+3
with an updated SM prediction (2023)
< S.10 >
L 2 +—eo—t
SM: e+e- HVP World Average
T.I. White Paper (2023)
(2020)
N'ew rasults in tension
with White Paper (2020)
175 180 185 190 195 200 205  21.0
a,x10” - 1165900

* K. Kojima: Search for lepton flavor universality violation in decays using hadronic

tagging at the Belle Il experiment

* Y. Sue: Precision measurement of the ete- = THTT-TO0 cross section using initial-state

radiation



Reference SM Predictions

® Hadronic Vacuum Polarization (HVP) is the dominant error source.
® Tension between two approaches; Dispersive and Lattice

. . SNDO06 — T <
Dispersive approach o2 T @ (51GeV)
< . = (data-drjiven) o - —
oo oot Tiougs) . KLOE" ~— 2308.04217
< 510 BESIII e e
SM: e+e- HVP W;t:i>Avera e ~ . s - combination HEa
7). White Paper 2029) ° SND20.and|CMD-3 are not
(2020) Im,4(q?) | Ohaa(q?) 12 SND20 e Ee included in the combination
CMD-3 e ——st
L 4 - -
SW: Latico HVP T.I.White Paper (2020) takes this approagh— o 0 o o o0 s
o Tension between BaBar and KLOE (2.90) 105 xofls1 ow
& more tension between CMD-3 (2.2/5.10 w.r.t. BaBar/KLOE
( ‘ ) Nature 593, 51-55 (2021)
175 18.0 18.5 19.0 19.5 20.0 20.5 21.0 . Iamqe —E— )
2, %10° ~1165900 Lattice approach R-ratio —o— arXiv: 2002.12347
BMWc'20 —.—
Another approach by MUonE Finite size, lattice spacing, large computing Mainz'19 | ——
A new independent evaluation of a,HLO by FHMA9 - ——
. . . . ) ETM'19 —_— g
Me — We differential cross section Recent lattice calculation (e.g;BMW?20) RBC'18 o
achieved comparable error and gives BMWc'17 ——
. prediction closer to exp. DHMZ'19 -~
KNT'19 = .
. . CHHKS'19 =6~ no newiphysics
Test runs in 2023-2024 - Technical £ - Soodi .
proposal for 4-week run in 2025 ugenia spedicato 1010 x 2LOHVP




Cross section (nb)

D

11

<t e+e_ _}Tl--l- .I_[ —_ .I_[O b B II I I arXiv: 2404.04915
Belle II y e e Yuki Sue
oy 1851 HVP
e et*e cross-section measurement w/ ISR method in progress at Belle II. . "‘::w:\ 3
¢ Good trigger efficiency confirmed e” e ’ 7% h\_
e Released the first result for ete- = TT*1TTO with 2.2% error Initial e°e- eneray Hadronic system enera: o
e The largest uncertainty arises from the MC generator (1.2%) VS = 10.58 GeV S =045 Gev s

® The results are about 2.50 higher than BaBar and global fit. Vs o P (2 WP Error)?
e+/ nm-:"’lf.ﬂ(\
1800 Belle Il Preliminary 500 Belle Il Preliminary
1600 | jLdt=191 15" __T0f | JLat=191 0"
1400 | £a i This exp. £ oo ".{ | This exp. ~15% s
1200 |- | BABAR (21) € s00 i ll 5 BABAR (21) ~63%
1000 ¢ SND (02,03,20) ﬁ 400 v SND (02,03,20)
f ! CMD-2(04,07) @ 3 '1 | CMD-2(04,07) P 3 ) . ) B
ot g w0 ! a; "MV (0.62- 1.8 GeV) = (48.91 + 0254, + 1.076) X 10710
400 |- ) G 20f
200 | o 8 100 ! 5
e . ™9 0 0 a0 g0 o Eo 2 " o | Piso s . a,(3m)x10'° Differencex101'0
876 o om 079 08 081 082 1 1005 1.01 1.015 1.02 1.025 1.03 1.035 1.04 BABAR alone [PRD104 11 (2021)] 45.86+0.14 £ 0.58 3.2+1.3 (6.9%)
Is’ (GeV) Vs (GeV) Global fit [JHEPOS 208 (2023)] 45.91£0.37 0.38 3.041.2 (6.5%)
~ 50
=§ E i * BABAR(21) ==--- Belle Il Error (Total)
g 4OF i‘g{i'ﬁg{eﬂ"ﬂ'"ary SND (03) Belle Il Error (Syst.)
c 30 F & CMD-2 (04) ..
§ 20F } ® Next: e*e- = TI*TT w/ target precision: 0.5% of ap(2m)
= 3
5 10 -}] + ............
é 0 ‘ i ;
g 10 froe Belle Il has joined this important community-wide activity
g —20F
[=] E L 1 L 1 1
G 076 0.77 0.78 0.79 0.8 0.81 0.82 Stay Tuned!

Vs’ (GeV)



Muon g-2 /EDM at |-PARC ...

New approach to measure the muon g-2 and EDM at the J-PARC facility Prog. Theor. Exp. Phys. 2019, 053C02 (2019)
¢ |low emittance muon beam (1/1000) by cooling and re-acceleration

* no strong focusing (1/1000) & good injection efficiency (x10)

e Compact storage magnet (1/20)

J-PARC MLF
Laser
122nm, 355nm f
R ‘ Mu bei’
H , ;;;j"'Q &, ( Ultra-cold
O == O'@ﬁ/ y w >
Surface muons ’@ Wey,
Y,

1=
!
X
X
) —
=]

5

> — P!

w; +w:, ) _% |:HI”B_ (
=0

Aiming at data taking from 2028.

= Independent measurement of g-2 to test BNL/FNAL

results with different systematic uncertainty

To be constructed
in FY2024

..,

Expected sensitivity (2 year running)

Astat Asyst
g-2 450 ppb 70 ppb
EDM I.5x10-2'e * cm | 0.4 xI02'e * cm




World-first Acceleration of Positive Muon!

Test of muon cooling + re-acceleration
at MLF S2 beam line

O e Q

About J-PARC  Faclities at JPARC News and Topics For Researchers For Pross Public Relations  Visit Use J-PARC Photos

2024.05.23
https://j-parc.jp/c/en/press-release/2024/05/23001341 html

Press Release

World's first cooling and acceleration of muon
- The first muon accelerator finally coming to a reality. -

} INTERACTIONS.ORG

PARTICLE PHYSICS NEWS AND RESOURCES

T e S .. ]

Acommunication resource from the world's particle physics laboratories.

World's first cooling and acceleration of muon

Ao

tary particke e i . My

s faling

https://www.interactions.org

World first The experimental set up for muon cooling and acceleration at J-PARC. A beam of
antimatter muons enters the apparatus from the right. Credit: ]-PARC
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T-violation in compound nuclei

( . . N
Enhanced symmetry violation appears P-violation I
in neutron resonance capture reaction. ﬁ> 0 - _ “I )
Statistical nature of <=
d stat
c-(kxI) comPpoting states In the case of 139La,
Ez ‘ i . P-violation is 106 times enhanced.j
_ ] Target candidate search
Determlne enhancement faCtor ~1 0 139 _q T Okudairaer. al., Phys. Rev. C. 97 034622 (2018)
also for T-violation in 139La T. Yamamoto ef 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)

T
— 117G J.Kogaet. al., Phys. Rev. C. 105,05461 (2022)
AGT =K (] ) AGP S.Endo et al., Phys. Rev. C.106 064601 (2022)
131X @ T. Okudairaetal. Phys. Rev. C 107, 054602 (2023)

k= 0.59+0.05 7@

A

()
Suggest discovery potential for T-violation 5 0@0@
search competitive with neutron EDM 2 &0\*"
o
139 a resonance Neutron EDM g

30 days ¢ > 0 '

-26
at J-PARC complementary 1026 e cM

Aocp _ —0.185[b) ( © 10 269<1>> dn ~0.14 (‘SP) _—;2))

2Ut()t QUf()t




R&D for T-violation search e

Many correlation terms of (n, y) <WE)

reaction can be used to study the N
statistical nature of compound states.

Neutron beam polarization

®
795nm L—H—¥

SHe spin filter for eV neutrons is

do _1 ky -k kg x k ky k)2 — &
available now! P~80% at 0.75eV aa ~z |Gt ke by ¥ ag on e xky) ka3 { (n k)T o g )+
. . . ~ ™
In-situ system is also available.
. . . DNP 3|gnal enhancement o, k NARW Ge detector
Target nuclei polarization L ; % J-polarimeter
Z = available now!
Dynamic nuclear polarization _ Pol. neutron Pol. target b
for 139La with LaAlOs crystal AU T. Yamamoto et. al., Phys. Rev. C101, 064624 (2020)
PLa_’31 '90/0 12,6401 ‘12.7‘010 1?‘3‘802 14(;495 ‘]4‘7]72 11‘5.‘385(‘) 16.0540 T Okudaira’ et al’ NuCl' InStr' Meth A9775 164301 (2020)
e K. Ishizaki, et.al., Nucl. Instr. and Meth. A1020, 165845 (2021)
: /i H K. Ishizaki, et.al., Rev. Sci. Instrum. 95, 063301 (2024)
Demonstration of T-violation search S. Endo et. al. Eur. Phys. J. A 60:166 (2024)

Asymmetry of absorption
was observed.

0.006
g F ﬂi# ﬁ
g 00051 0.75eV resonance . A
> 0004F  Np—N, F &
= 0.003 |- p+ Ny %@% (PL.=4.3%
E o 4%
2 oo - . :
% F @m
< 0001 [ ot (}(} ; {% (}%
£ : " i T X -
B o me iy et gty 417 %‘}(} {;}H This asymmetry can be . A’—I—B’o’-I-l—C'/O'-k-i-D/O'-(I « k)
E 1K (PL.=0. 3%) translated into an upper
‘ ‘ R. Nakabe ef al., Phys. Rev. C. L041602 (2024)

—0.001 P e e e === limit on CP violation.

Time of flight (ms) Same order of NEDM with 10-19 e cm  (~ first nEDM limit)
T. Okudaira et al., Phys. Rev. C., 109, 044606 (2024) R. Nakabe, PhD thesis (2024)



Unknown force search

New limit for Yukawa-typ
intermediate force

Extra-dimension, Dark energy

e

M
V) = -Gy (1 + aeY
r

ing

New interferometer with high precision

L
Ap = ZﬂZ—ZAEﬁ‘Xﬁf

Pulsed
neutrons
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Dynamical diffraction
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C. C. Haddock, et al., Phys. Rev. D97, 062002 (2018)
B. Heacock et. al., Science 373 6560 (2021)

Precision measurements of neutron-nuclear
scattering lengths were demonstrated.

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



Neutron EDM using high-flux UCNs Neutron Lifetime
o CKM Unitarity check

T reversal Permanent EDM signals Big Bang Nucleosynthesis
<+ Time-reversal violation. Decay to dark channel?
/
- New type of in-beam

o measurement with
Proton trap: 888 0 £t20s

TUCAN Source & nEDM Spectrorﬁeter y J
He cryostat, LD, cryosfa* i 3
TRIUME Rt

pulsed neutrons

o
i

Magnetically Shielded Room

n Moderator &
UCN production volume

Y. Fuwa etal., arX|v 2412.19519v1

. | f
880 *
- fo.’%c.%f<.".;><J’.x”o‘*x”o"‘x"’é&%&%Xo".x‘%o"‘z%"‘x’%“,o%xt.‘%& KSR RS

875 Bottle method: 878.4 +0.5s ‘

Neutron lifetime[s]
[+ [++]
@ ©
(3} o
| T

—— ) S .

'R !F
20kW Proton beam

t‘ l.“‘
Solansiy!

| [ R T A [ [ T T T R |

1995 2000 2005 2010 2015 2020 2025Ye .

Drift cage and MWPC SFC in lead shield

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



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

. Study VHECR interactions by colliders

Unique data for very forward production

emitted in the forward region

LHCf RHICf
- pp@vs=14TeV (2022) |- ptpt @Vs=510GeV
- Light ions (p-O, O-O) ! (2017)
(planed in 2025 Ju n)

LHCf-Arm2
1313 ToV, p_<1.10 GaVi'c, » moson

1)+ 1.008 6" (0.0




Super-Kamiokande (SK-Gd) / Hyper-Kamiokandez

NUPER
2K

Super-Kamiokande

t

[\
0.03% Gd-loaded
First | DSNB result

. Dn‘fuse SN signal search |n
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iming operation 2027.
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Hyper-Kamiokande * Hyper-K construction on -go ing
(S Monyama Neutrino2024: ©ICRR Univ of Tokvo

Ocp  Projected sensitivity to CPV

f
Ar?)
S
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Hunar-K praliminary

——e—— Statistics only
............. Improved syst. (v./V, xsec. error 2.7%)
g 12K 2020 syst. (v,/V, xsec. error 4. 9%)
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Direct Dark Matter Detection with the XENONNT

ﬁDuaI-phase TPC with 8.5 tonnes of liquid xenon '

* Livetime: Science Run 0 (95.1 days) + Science Run 1 (186.5 days) !

* Exposure: 3.1 ton-year <. A P >
« Lowest electronic recoil BG ever achieved in a dark matter detector: ~5 times lower than in XENON1T

* Coherent elastic scattering of 8B solar neutrino has been observed (“Neutrino Fog”) EEZtSL}rZS\EH L::Q;S?Qgéggis@fg&estion

KNew WIMP results with 3.1 ton-year exposure (paper submitted to PRL this Monday) 2409.17868 (PRL)  2502.18005 (PRL) )

XENONNT WIMP Results
- Detector CEVNS Results Low Mass High Mass
- H D a0 / B i 10-1t FjE . = XENONNT (this work)
P “r COHERENT . (A): SI DM-nucleon scattering ;" 10~ :gggg&"' 2023
H Csl, 2022 _ 1oL > —— PandaX-T 2025
% —— : Ge, 2024 NE " §
. - =% 53
I—'—HI Ar, 2021 g 10 2
= wn
L | xewon g 107 g
= ——+i—{ Xe, 2024 (This Work) E c
» ! = 10715 2
< L { Xe, 2021 a » <
1 ek sl -4 Xe neutrino fog is — 2 n(Mr: -
10-39 10-38 10-37 OE ‘Ham (202) é""'lr) N {J.t?UZ;”l‘z é e %{
Flux-weighted ogcguns [cm?] DM mass [GeV/c?] = 10“*“10 162 102

WIMP mass Mpy [GeV/e?]



R&Ds for the XLZD Experiment @ Nagoya

10—44

F XLZD (detection)
I === 200 ty (30 limit)

5| === 1000 ty (30 limit)
E GI> 1000 ty (examples)

+ Towards the future 60-80 t scale experiment (XLZD), we are developing
new low-BG techniques such as low-noise SiPM, hybrid photosensor, and
hermetic LXe TPC

=
1
e

10—-|ﬁ j

* We have establised two dedicated cryogenic setups for local R&Ds )

* Currently operating the hermetic LXe TPC with ~7 kg of xenon
1078E
* Recently characterized the peformance of SiPMs at low-temperature g

SI DM-nucleon cross section [cm?]




NEWSdm I_I

Nuclear Emulsions for WIMP Search -directional measurement

Super-resolution nuclear emulsion and sub-micron tracking
frinc * NIT

Nano Imaging Tracker
| "\

DM

Ay
1.6667 - 3.3343 keV
\"

Track
direction

[ First Exclusion limit of NEWSdm
0 5 10 5 . with directional sensitive Run
dRy;,,/dQ, [ton~! year™! sr~!]

1602.03781(2016)

inor

Ellipticity = o

minor

high speed & high resolution readout

WIMP mass (GeVie’)

Direct dark matter search with directional sensitivity System by optical microscope
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NEWSdm technology and collaboration

-

QUPLAS / AIABE e,
high precision antimatter ||||||H|||| ;
measurement p )') ' '
o e
10.1016/j.nima.2019.163019
FOOT/DAMON 1" I
] .~

measurement of target
fragmentation for
medical application

Pedarizmser Avgle
PR

10.1016/j.nima.2024.170006

high resolution & wide range analysis

environmental neutron + = t _'__T bl +
H ‘ LT

\ measurement b BB *l*r X
. ! = |1
at “low energy” and -
' “directionality™ s
‘?IMP Higher energy signal e.g., Proton recoil or ry -
sigmal  pooiod DM alpha 10.1103/PhysRev(,107.014608
_ 2D 3D
~ reconstnicted reconstructed

NEWSdm
low BG R&D toward >kg scale detector are ongoing



NINJA experimentje ==FE=

Neutrino Interaction research with Nuclear emulsion and J-PARC Accelerator

+ Precise measurement of v,-nucleus CC cross-sections in Sub-Multi GeV region
Electron neutrino cross-section measurement, Sterile neutrino search

(2New Track Ranking

(DRefreshable large crystal emulsion Image analysis
—— - 3 new selection parameters

Signal eff. and Noise reduction rate

E71a:2019 Nov. ~2020 Feb. | [ i ol S e e e
E71b:2023 Nov. — 2024 Feb. 1021 POT A3 - 56% noise reduction R are
E71c:2025 Nov. — (plan) J—

A

s . B ‘—) Next step:
v beam exposure (2" Physics Run) is done!|ll Good Efficiency for v experiments GooAd ?/NA 4 Machine Leaming

-25 -20 -16 -10 -5 0




Input to earth science € v
= Vg, (KamLAND)- v

ceo (Mantle)
(Crustal)

geo

a B track analysis by V.., (Crustal) estimation - Large uncertainty

Machine Learning 84 Radiation isotope distribution modeling in
s . Crustal rock by Emulsion film

N~ n for OvBB - - - | Sub-Multi MeV electrons
_ . | ) 3*—'1‘1?:6“_
u ] challenge to » ., I
: L [l Normal Ordering - — NS
atrack detection by ML " .. (meV scale) T | »—‘i~ |
: Emulsion
- Excellent BKG , - Meve Ilmm wsten |
reduction 10 g m ﬁ /"
- Good scalability " Meve |

Proton therapy

* In-treatment monitoring
+ Improved pre-simulation

FLASH Radiotherapy
(High dose rate particle therapy
with fewer side effects)




Concept of tau neutrino experiment

Dslau

-cross section (etc.) measurement -

Proton beam

v, production
target (tungsten)

Rejection of Charged tracks

Neutron Absorber

v, source: D, — TV X
D

Proton -t X
|%
T

~
~

D Y ~.

~
~5mm

v, production study: DsTau

* No data of Ds differential production cross-section
 Larger “50% uncertainty of v_flux

* Detecting 1000 Ds -> tau -> X events
* Reduce the uncertainty to 10%

e

Dslau \\ ____________

_____

v_ detection: SHiP etc.

9 v_detected by DONuUT (bamv_).

33% statistical error
10 v_ detected by OPERA (Oscillated v, )

SHiP ~ 10000 events a few %
statistical error



DsTau activities DST \U-

e 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.
e 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 Detector Used Integrated [ Integrated
Exposure Modules Emulsion Module Accumulated
runs films number proton- 400GeV
area (m?) W(Mo) proton \Rartner Charm
interactions \
(x 108)
Pilot run % x30 = 49 7.5 0.19
2018 7.5
Physics run 17 110 24.5 0.61
2021 A Ds -> tau -> X associating
-tungsten interaction candidate
Physics run 17 110 41.5 1.04 Ping . . .
2022 found in preliminary analysis.

The display is from beam direction view.
Physics run a0 260 Q1 § 2 04



FASERvV

charged particles (p<7 TeV) ~5m
e

neutrino, dark photon

forward jets

ezl

% LHC magnets <

?] Py
p-p collision at IP 480 m ~100 m of rock §’§
of ATLAS < N

* Emulsion-based detector
Ver> _eé V> H ; Vo> T< ----- e 730 x [tungsten (1.1 mm thickness) + emulsion film]
* 250 mm x 300 mm, 1 m long, 1.1 tons (220 Xo)

Tungsten plate (1.1 mm) * Install (exchange) emulsions 3 times a year

Emulsion fil i
- v flavor identified with topological/kinematical info FAg(FRv PACHETGG AUIng L mt RN

l; B T T -‘ T I- I T T I T T [ | P | l T T I T T [ T T I T T ] T
3 - LASeR [] LHC P1 Stable (ATLAS)
v 100 [ Online [ FASER Recorded
£ - —— FASERv Exchange
£ L Total Delivered: 93.1 fo" — Calo Filters Installed
o 80~ Total Recorded: 90.7 b i | ®Faan o1}
= ~ BFASERnBOXin2022
3 60— i+FZASERn BOX in 2023 v, I
o - | 3 FASERn BOX in 2025 (plan)
) g : So far 6 BOX exposed & extracted : I
- ol 401~ ,
Interface Tracker: 3 layer silicon- Veto s intillator <= - :
strip tracker layer) ool
- Global reconstruction with FASER spectrometei i
 Muon charge identification (vy) o CZELED

2022 Apr Jul Oct 2023 Apr Jul Oct 2024 Apr



PHYSICAL REVIEW LETTERS 133, 021802 (2024)  « /L0977

First Measurement of v, and v, Interaction Cross Sections at the LHC
with FASER’s Emulsion Detector

1 119U VIVUOUO OUULIVIILI TTITvVAAoUlL VviITIVvIIL Al 1TVv YV UIIUIHY IU&IUII \J\JIIIH Vil IV QNI 1T VUV l\:

4 ve CC found in ECC
o(ve + N)JE =1.2-08 . x 10-38 cm2/GeV

500 pm

8 vu CC found in ECC
o(vu+N)/E = 0.5 £0.2 x 10-38 cm2/GeV

1000 pm

0= 10—
Accelerator v — L 3 Accelerator v - - Astro v
rAdSer i rAdSer
Ve : V}J
T T v
2 Z 10
8 [
i R Y e -‘
< <
= 7 v = 1 v |
<o <o —
|_" 107 = r.. 10~ =—
€ : X N
4 v PN
+ 8 o STy O
= 45 0@ SKAT 79 * |
* o ey
1073 =— | T T a1 |
104 10° 10% 104 10°

:
Neutrino Energy E, [GeV| Neutrino Energy E, [GeV]



DEMONSTRATION
v Imaging of Vela pulsar

P [ |
G R AI N E rOI eCt STakahashu etal. ApJ. 960 (2023) 47
Gamma-Ray Astro-Imager with Nuclear Emulsion == e
. 29 98
, . 3 af

-44

Aichi U. of Edu., Gifu U., Kobe U., Nagoya U., Okayama U. of Sci. (Pl: Shigeki AOKI, Kobe U.)

DETECTOR: Balloon-borne Emulsion Telescope

Attitude monitor Converter ==, .1
Emulsion film stack ~ # %M.Smm?i
i &—049% 3

-46

GRAINE PSF(>80MeV) consistent with a

-48

Star camera ’
o m
\ Y r
c
n
= 2. 0.42deg @68% oint-like source
e fle™ S . P
o 0136 134 132 130 128 126 124 122
g Right ascension|deg.|
< . .
- v Beam Test of Polarization
& K. Ozaki, et al., NIM A 833 (2016)165
Emulsion functions a converter and tracker at the same time.
Emulsicn Plastic Emulsion
layer layer layer

]

Multistage Shifter

I\

4N Pt
et I'IIIII.I...I..
....Il

o Timestamper
Emulsion multi-stage shifter
Fermi LAT | GRAINE - L S O S e
X 0.3 mm (0.13um/pixel)
Angular Res. @ 100MeV 6.0 —> 1.0 e AZ|muthaI ang|e dlst ;_O.'ndf 1.5?%§
R X 9 R . = . E . 1 ' 2
@ 1GeV 0.90° —» 0.1 High-angular resolution || &= tes/springs 2 i
. . “« ey - - ] - § 20 E -2 4Gev I B
Polarization Sentivitity - 8 Yes Po'anzat'on sens|t|ve g ,e“: T, Max.
Effective Area @ 100MeV 0.25m2 =P 2.1 m2* Large aperture area “ 0
X3 140
1GeV 0.88 m2 2.8 m2* F 1
@ _r * 10M2X4ransX € cony X Edet k3 E
. ®- N(@)= p0fl+ pl-cos2(@- p2-90')} -
S.Takahashi et al. NIMA 620, 192 (2010) - H.Rokujo et al. NIMA 701, 127 (2013) - SATakahashl etal. PTEP 2015 043H01 sk
2845 - B Flok ' 0° 90° 1 80°
100 120 140 160 180

K.Ozaki et al. JINST 10 (2015) P12018 - S.Takahashi et al. PTEP 2016, 073F01 - K. Ozaki, et al., NIM A 833 (2016)165 - H
Rokujo et al. PTEP 2018, 063H01 - S.Takahashi et al. Adv. Space Res. 62 (2018) 2945 - H. Rokujo et al. JINST 14 (2019) il
P09009 - Y. Nakamura et al. PTEP 2021,123H02 - M.Oda et al. PTEP. 2022 113H03 - S.Takahashi et al. ApJ. 960 (2023) 0 20 40 60 80

(0 Azmuthal angle [degrez]

47 - Y.Nakamura et al. Astropart. Phys.165 (2025) 103055



] u u . .
Scientific Targets &5 v oomba v

in Alice Springs Experiment achieved by current and future satellite missions.

i B \ic et al. (2022
Galactic Center |EBREUWCEEREUE) |Ve|a Pulsar‘ ie et al. (2022)

Precise meas. of The first S|gn|f|cants U' Q
G.C. “GeV excess” q‘ pioneering obs. ‘- 8 X-ray with IXPE
w/ the world's highest of polarization in  FRVAPYRAE

angular res. (0.1°) p: N the 0.1-GeV band.

—_ GRAINE : ario
°. 9 _ 150 3 atter scem
Launched S § o1y 2023 : Assuming a dark T 5
| at Alice Springs [ =2 O Analysis  § (NFW. 7
in Apr. 2023 G SR : % " No excess
5 U_) : (known astronomical
G 3 . . sources)
@ % .
5 8 S 0y =2 ~_
? go
5.8 Zoi—
£ 2 50 { -Lheoretical J —
S ®© -prediction 1 — —
— N Alige K. H. et al. 20174
g = (:“ 30
Unltlzed emulsmn =8 7.5 12.5
te|escope (1.25 m?) Obs Amount (Telescope Area[m2] X 1-day flight)
10 m2?\~2 tons
JAXA Balloon: e
NASA Balloon

Larger aperture area & repeated balloon flights



Division of Origin of Spacetime Structures

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

KMI Int. Panel Uxg

detector developments

XRISM (X-Ray Imaging and Spectroscopy Mission)

A JAXA-lead X-ray astronomy satellite, developed
with NASA and ESA, launched in 2023. It focuses on

super high resolution spectroscopy. First paagtqga?lrgage
coming out.

5

1_

Nk T . NGCaegeB . .
W i NG 808 T
L n(Cenasy o ML ey
[ ENGCAT00, N
oo WSO

Counts/s/keV
o
(=]

i
0,01-'H||!|||g.| f
XRISM high-resolution spectra

. s, il B
s - 10aremin=130fpe. L
T A T s GRS

0.001-— r . - .
2 3 4 5 6
Energy (keV)




KMI Int. Panel Uxg

Division of Origin of Spacetime Structures

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

detector developments

The bulk motion ofgasin the core ofthe
Centaurus galaxy cluster
e e

-41°16°00"

-~
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o
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]
|
1
1
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20'00”
— 7
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o < © o w0
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c c

Hot gas is moving compare to the
galaxy. Looks like faster to the so
- "Sloshing" is taking place.




Division of Origin of Spacetime Structures KMI Int. Panel Uxg

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

detector developments

X-ray observation of merging Si/CdTe hard X-ray/MeV detector
cluster of galaxies development "miniSGD"

"Indications of an offset merger in Abell 3667", "Development of miniSGD"
Omiya, Nakazawa + 2024
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Division of Origin of Spacetime Structures

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

KMI Int. Panel Uxg

detector developments

COSI (Compton Spectrometer and Imager)

A NASA-SMEX mission to be launched on 2027, to
"revive the MeV astronomy" after 27 years of gap.

- . —

> [
&J 500 + COSI Flight Data
-~ -
£ | — TotalFi 1 0.511 MeV
- 400_ ! ﬁ ‘ ) Exposure
8 - Gaussian y ) 75+ RL iteration 26 — 0%
- 25%
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75%
215
) }‘ + o: +0 L—,g_
| “?JH*

-
.
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f— —
-
*
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Energy (keV) 1x10-1x 10" 1x10°* 3x10°? 1x10°% Ix 1077

Flux @ 511 keV [phem~2s-2gr-1)



Division of Origin of Spacetime Structures KMI Int. Panel Uxg

2023-25 Achievements
Thundercloud gamma e\

: ( BELBOLRE
> 7 !
- \ “\ f i b
BFMEE VS —_
= E1-2 kmfHEh . TRE |
% . 68% ‘!ﬂmﬁﬁ gy | (ER#
ﬁ‘h ™ EE({PI $4.2.28 ) ‘\‘ ——-- Altitude 1 km @ 2.7 km distance \# 75/ / .‘\
\ —-~ Altitude 2 km @ 2.7 km distance ~/ Pas=i AN
y(11p=:} 1=TG F¥$ |—.|fEF J:IZE WEX A= \ --- Retum Stroke S N
o | [ FALMA error(Preliminary) ‘," 4
30° / E—— S ?‘é‘nﬁsﬁ/?ﬂ
REMEEH TR m e
15 /T R A A R B " ol -+ - e W R N AR / BERE &
= ] ! 2"
1 ’ R
H A g
o @BiRA52.7 - =— ! 90° = = OB TR - 100-200 mEEA
HHIA  get.B = BN el

km

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".




