= Institute of Particle and

%Future'plannmg

T e

> ":3\ tiCl Nucfear‘Studles*f
;,-f;',..\.:"‘ he 4th§]EI§rNTFER2 General Meeting
e .. = " April 4,,2025
e ‘j"'i’:?-?'"?-':;j;iNaohlto SAITO

/ t’
4
j!
|
\

-

"':I' su kf‘réﬁéﬁpus\



ATLASEER
(CERN) LHC

Energy
Frontier

L=y b
Theoretic

ST
Astro-Particle
Sl
Simons Observatory - ‘g_lf |

[ ———

: (Chile) Ry TR

JEPARC Main Ring

amioka)




IPNS Organization 2025 ““"”?Z%’"f @@

: ﬁ*—k.-..': I RETRTEERN
Directorate

IPNS Steering

Committee Director Assistant
SAITO, Naohito HONDA, Yuko Engineering Counselor
[FNS Research Deputy Director TANAKA, Nobuak

Planning Committee

USHIRODA, Yutaka Engineering FUJITA, Yoichi
IPNS Leaders A0 Py VLG Coordinator |4 MAKI, Muneyoshi
Association TOMOTO, Makoto KAWAI, Masanori HIROSE, Erina

Energy Frontier
(ATLASHLC)

Belle

Neutrino

Theory Center
Head
HASHIMOTO, Shoji

Wako Nuclear Science Center
Head

Hadron

WATANABE, Yutaka
(Primary BL
- S
8 Instrumentation Technology AT i
Development Center +COMET) . B
Head — eera ik A S
TOMOTO, Makoto [ Mechanics ] Experimental — :
Cosmo Physics ,,)] =

[ Electronics System ][ Cryogenics ]

2 B N 7 wwm ‘7

Muon and Neutron ] e ,‘;‘;::‘ ?;f

7\ v % .Q\‘ ‘ o I BolF
}‘Iw ‘ﬁ @!‘ ﬁ ’\t‘ \ ’/ '_ :

Computing

{II

Safety



Instrumentation Technology Development Center
International Hub for instrumentation development

Promotion of Innovation and Young researches Researcher
et tttdttddddldltdttdtddddebadebadebadebabe] RERE CoMmmunity R

Inter-University Cutting Edge Technology Development .

Research
generation projects Technology

«<final application by each project Development
(continue to have support function) Platforms

« Some platforms to do R&D
@ works as the interface to the community

« Technology candidates
@® Strong field magnets _ Nl
® New material semiconductor (eg. CIGS) for - - i
Sensor .

rad-hard _ _

@ BICMOS technology for high speed KEK projects
Next generation FPGA based readout :
I gas & active L

medium

N

IPNS projects

e =

« Common/Core technologies for next

« Extension of inter-
university research
functions
More efficient and faster
development
— International visibility

New material
New sensor

REBCO for HL-LHC

Electronics

System
integration
sensor

Collider
- Electronics

Strong field magnet SPADI alliance

Mechanics Platform Organizatio
flexible, always read
to start new one

‘IL
Quantum

rad-hard, fast Education

monolithic sensor

Electronics

o
Wider users by simpler
system for use

— Young researchers
such as student can
easily use

— Education

ACAP

Al, deep-learning

Industry

Low material magnet

Computing
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NoBeam, NOLIFE ---
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« 1:41, December 27, 2024 £ ARK i \h\- SN Lt asai {60 & §
« 5.105E34cm2/s = 3K ™ et "'; M‘ - p P
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* Troubles in MR 1200 1500 1800 21:00 00:00 0300 06:00  09:00
 Trouble of MLF target led to 202412127
Delay and Lo-Power rere .
« SXran > 82 kW smoothly = T el |

« FX started > 800 kW seemed to
be beautiful run---

4 Beam Destinations of Accel. Run 92 Sl
MR Beam Cycle and Mode
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IPNS Projects Current Status

3 s : ‘ E"#-‘Mb
SuperKEKB/Belle Il % - = -
« Run 2024c ended with 5.1E34! - R Reagt®

e Physics Analyses are ongoing
e LS2 planis being developed

« J-PARC MR SX Beam > 83 kW;
FX > 800 kW
« Beamtime, Aging and New Initiatives

« LHC Run3; to resume in April

- Il == oo —
« Detectors and Magnets are being prepared - /,EJJ N %E 3 % T A
towards HL-LHC
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« Test beamline is being operated 8 1

« R&D platforms are active

 Hyper-K construction
+ |WCD construction/Beamline upgrades

o PIP 2022 realization and optimization

4 . 3] 9:00
~ 4 4 (4] 17.00

KEK2EF+2282
ABEEIF—K—IL

* Muon g—2/ EDM@J-PARC . Beam Destinations of Accel. Run 91 b a
e Annual review is held in March W 57 MRBeam Cycle and Mode
. . . 420 na Acc-mode
« Optimization of HEF-ex w B2 RCS o (MRBemmon)| TTH
. . . 0 135400::5 (] 0 ml MR-B{BeamRi$ —"
« Core group discussion is ongoing \V' e : \{} ——
« COMET Review 4 - %ﬁsgz‘ium 1360 v
«  Post-review action is underway e wm /5 455 m | |suonss asra]| e o NU
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The 2nd WS of TestBeamLine april 3-4, 2025

1-3 GeV electron beam at the rate of <5 kHz
(to be improved soon)
hadron beams are also in discussion

https:!fcernbok;c;r

naadrahalair/s/y>



The Timeline +

S

ubject to change

PIP2016 PIP2022
%:gresswe version of intended 1. Hyper-K /J-PARC upgrades = 1. HEF extension
edule by IPNS. 2. HL-LHC 2. HL-LHC++
* PIP = Project Implementation Plan S E2 D ]
4. HEF extension 4. Muon Microscope
ILC
2022 2023 2024 2025 2026 2027

ongoing

SuperKEKB/Belle Il Ls1

ongoing #2 of PIP 2016
ATLAS

ongoing

Hadron Hall

Muon g-2/EDM exp.

#3 of PIP 2016

COMET - phase o & |

#1 of PIP 2022 ¥

HD Hall Extension
' OMET-2 Operation

COMET-2 canstruction
|

LiteBIRD

UCN TUCAN

| —eweer=Ction / BL Comm. etc

#3 of PIP 2022 Jesign Test / Inspection/ Construction / Launch
| I |

ongoing

|

[ | I [ I | | ] ] |

1 | I 1 I | | i ! |

KISS

ongoing

Physics Run / Upgrade 1 (KISS1.5) Physics Run / Upgrade 2 (KISS I1)

©OKEK




The Timeline Updates  24-reb-2025

) ) PIP2016 PIP2022
* Intended timeline by IPNS. 1. Hyper-K /J-PARC upgrades 1. HEF extension
2. HL-LHC 2. HL-LHC++
e PIP = Project Implementation Plan 3. muon g-2/EDM 3. LiteBIRD
4. HEF extension 4. Muon Microscope

Covered by the Large Scale Academic Frontier Funding of MEXT

| Year of Mid-term Review

— Later years are still in discussion

We are here
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The Belle Il experiment

« Luminosity improvement is the key to more success.

« Belle |l team are working together with SuperKEKB team to help exploiting the
potential of the unique lepton collider, i.e. NANO-BEAM SCHEME

International collaboration with ~1200 researchers gg=j«Imham= -1 ¢ o E=j—2=

e B

from 28 countries/regions, hosted by KEK | s 0 i 5 G =20 T ES R S




T2K and Hyper-K

« Physics Production with T2K and Construction of HK are
ongoing!

JEPARC Main Ring

Tokai)



‘JZGI\/I@KEK June 2, 2024




Theory Center: WS and Seminars

HEP in the Quantum Era More than 10 workshops/schools hosted by KEK
Dec 2024;/80 onsite: focused on new directions in HEP | Theory Center in FY2024. Plus, ~ 50 seminars

' using quantum technologies (quantum computation, each year :
quantum sensor, etc) G\ F RS [ - o=
kick-off of KEK-RIKEN iTHEMS collaboration { KEK-TH 2024

4 Dec 2024; quantum and tensor-
networka

Insight throug
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Summary

 |IPNS covers a wide range of the Particle and Nuclear Physics in Japan

nd World.
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~Mixing Angle, CP phase, and Mass Hierarchy ~ :
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Role of strange quark in extreme high
density matter?

CPV in Charged Lepton?

W‘Ww

0,-2/pEDM " .

"'l" ..._1 4

—
Flavor&CPV in charged lepton?
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KOTO and KOTO Il at Hadron Hall

« Kaon WS was held in July, International situation of kaon physics :

CERN EP seminar Sep. 24, 2024

2024 @ J-PARC S - <
e = r 2 XL

LHCb at CERN[.\ /&=
K;decays |~

B <22x10%00%CL)|  |Koro srect xchson 0 0% L.
(2021 data)

R o

o

NA62 (2016-2022) @, ..=(13.0j§;‘,)x10‘” (1.5-1.70 above SM)| ../~

—=x*ub

will continue to take data until 2026
KOTO Il : will be the only one future kaon dedicated experiment BT )
K, = 2, K, —» 2%, ]

J-PARC — International Kaon Center
2021 2022 2023 2024 2025 2026 2027 2028

ICERN| __ e o progea
will be stoped

-.g1°;r"'_'"'r"'g" B TG——y " [1PARC) I —
%) B o O  Single event sensitivity _ - , ) . ) = |
E 10—3 §_ ..... ..... KOTO .................... ................... _ .............. 3 ‘ar)(|v:24'll.'|123? 10- : Ens 1 MeV AEA‘;[;‘:S 120;0;
3] = L i |Analysis of data taken in 2021 = T - Ero AMS 4788
c - (2013) v i s s ; X L @) g i n>100MeV
g ol o Single Event Sensitivity : 9.33 x 1010 % = ‘° e ___ En>300MeV
" 10 E_ .......................... KOTO ..: ........ O ...... | ; | 90% CL upper ||m|t 29x% 10_9 E I — 1 |
< - |(2019)f  KoTO ~KOTO 5 (Best upper limit) < 'E
Y oL ezl | poany [Ty CH A Ke
& E ._ : (stbmitted) - |K, = 2w search by KOTO 10t T
al Sdard Mookt : : . |Sensitivity < 10710 in 3-4 years F X 5
10— E_,., ............. a 10_2 S 3 - + A L P R T o I 0
- _ | | | ~ |KOTO Il with sensitivity < 10~"> T
10-12 I | L1 | L1 | P | L1 | L1 1 [ | L | 5 degrees 16 degrees
2016 2018 2020 2022 2024 2026 2028 203 Aiming at first observation KOTO I KOTO

Publication Year |of K, —» z%# in 2030s

Collaboration promptly emerged to produce the new proposal of KOTO |l
Presentation was made at the J-PARC PAC in January, 2025.
Stage-1 status is granted, with a conditional of HEF-ex.




* Review was held in July, 2024
e Chaired by Augusto Ceccuci.
« Review Report is available at

OMET-Review-Report-Final.pd{

v

. htth:é[kds.kek.iQ[event[51584£contribu
tions attachments g

https://kds.kek.jp/event/51
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11/ COMET-Review-Report-Final.pdt
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« “The collaboration and the Lab Shf 'S

work closely to realize the phase

 Four conditions to move further

1.  Minimize the remaining cost to
complete the Low Intensity mode of
phase-1 (currently 2.83 OKu-yen)

2. Organization of the Collaboration
management should be improved
among and outside of the
collaboration

3. Gain good understanding of
community

4.  Negotiate with J-PARC to utilize the
opetratlon budget to cover remaining
COS

« All steps are in progress

I8/ LE60LT/SUOIINGLIJUCD /pBS

1.50x103 -

Phase-| LI

. - 2026-2027 JFY
Phase-I - Ceiling Shields

Phase-|
2028- JFY
Just Add Ceiling Shields

Beam Intensity: 0.32 kW Beam Intensity: 3.2 kW

2024 2025 2026 2027 2028 2029
Q1 Q2 Q3 Q4] Q1 Q2 Q3 Q4] Q1 Q2 Q3 Q4]Q1Q2Q304JQ102Q304[01Q2Q30Q4

“pen Shield
=3 Inner Shield Manufacturing
=3 Inner Shield Installation
arget Manufacturing A
Target Installation
Zollimator Shield Manufacturing]
“ollimater Shield Installation
Eaamline Apparatus Installation
~adiation Shield Installation

Facility

=3 Installation

D5+BS Installation

3 Delivery Preparation

3 Commissioning

3+BS Commissioning

A/l Magnets Commissioning -

Datector Assembly + Test

[ atector Commissioning

stector Installation

Detéctors

Fhase-l LI Physics
Fhase-l LI Beam Measurement

Fhase-| . .

Executed fund (0.19) +| 0.03

Necessary cost | 141 1,39 |
t0 start physics run 2.83

25, COMET

unit : Oku Yen
(108)


https://kds.kek.jp/event/51584/contributions/270937/attachments/181410/247611/COMET-Review-Report-Final.pdf
https://kds.kek.jp/event/51584/contributions/270937/attachments/181410/247611/COMET-Review-Report-Final.pdf
https://kds.kek.jp/event/51584/contributions/270937/attachments/181410/247611/COMET-Review-Report-Final.pdf

COMET

COMET
Superconducting &
Magnet System
as of Dec 2024
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J-PARC muon g-2/EDM experiment

g 2 EDM Standard Model Experiments
- Standard
Anomalous magnetic  Electric Dipole Moment o ) | A . BNL . :
moment White ' " ' (2006) B
Paper j—u=@—ro s
450 ppb 1.5E-19 ecm (2020)
PP — 23
Under scrutiny by FaL /A
. (2023) .
lattice QCD, e*e" J-PARC is the only
data o @t CEC| experiment to check
o | FNAL/BNL results.
17 17.5 18 18.5 19 195 20 205 21 21.5 22

muon g-2 a, x 10° - 1165900

l( K Program
| emEesERRRRREER IO S50

Constructed
To be constructed

| First-ever muon acceleration in 2024
4 Aiming for data taking from 2028 - 2030



https://arxiv.org/

Muon g-2/EDM at J-PARC

« World first demonstration of positive muon acceleration done by
the great collaboration of IPNS and IMSS, and international and domestic institutes.

L9ELL0LYZ/Sqe

J-PARC MLF H-line

( K Program
I ERE2FRESREAR OIS L

Muon cooling and acceleration to
100 keV was demonstrated.

Time of flight

Acc. u
1e-5 On 'Ihgget Pevn. " Laeer (0-10‘0 keV)
al = RFQ On /On-Resonance
- == RFQ On /Off-Resonance
2 3| m= RFQ Off/On-Resonance T
v
w
4
L
2
- ¢ T
= - s .
0 500 1000 1500 2000 2500 3000

Time [ns]

Transverse emlttance

This part was demonstrated at
MLF S2 area in April 2024.

sof- s honzontal_ sof % vertical J .

Experimental setup o o l I i1 & A E :
‘(fl A . S = j’_’; g o }- ] g 2of- _;

: E 3 E B E 2

= 10:— -3 10'_ ‘“:

OE— _f 0:_ i) 1 1 1 1 l—f

0oz 04 06 08 i T2 41 -1 09 08 07 06 05

quadrupole current [, [A]

muon cooling
chamber
AN

€x = 0.85 £0.25+022_, 4,

™ mm mrad
Reduction by 1/200

quadrupole current  /; [A]

€y = 0.23 £0.03+005_,

T mm mra
Reduction by 1/400
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