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Diverse accelerator-based science and technology at KEK

Pursuing fundamental laws of nature

Pursuing origin of function in materials

Material science
and its.applications

Basic science
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Particle physics program at KEK

O On-going experiments at KEK

O Flavor physics using high intensity proton beam at J-PARC
m KOTO (K; —nOvv)
m COMET (u-e conversion)
= 1 g-2/EDM

O Belle Il at SuperKEKB e*e™ collider

O T2K long baseline neutrino experiment

O Experiments conducted jointly with the other institutions

O HyperKamiokande
O KAGRA
O LiteBIRD

O International Linear Collider (ILC)

O KEK
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electron ring
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Asymmetric eTe~ collider operating mainly at the Y(4S) (HER. 7 GeV)

World’s highest peak luminosity
L=47x103*cm2s(=KEKB x 2.2)
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positron ring
(LER, 4 GeV)

electron / positron
linear injector

— Nano-beam scheme

* World’s smallest vertical V+ (1 U;) Iifyir Ry
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— Powerful injector Linac

* Compensate the short beam lifetime due to narrow dynamic aperture

Nano-beam collision scheme
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Be”e | deteCtor K, and muon detector:

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps, inner
2 barrel layers)
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- (2) Broad physics program
Physics at Belle |l o
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(3) High precision measurement
. : Access higher energy scales via quantum effects than are
Billions of ¢, b, T particles are : )
: : directly reachable at current or future colllders
produced in a clean environment

at the SuperKEKB factory e.g. A < ~1000 TeV in B° mixing (£ = Lgy + OAF ») [arXiv:1302.0661]

(1) Large statistics




Future outlook of SuperKEKB/Belle Il

Boost up the peak luminosity
Squeeze g ~ 200 nm > 50 nm, and increase I ~ 1A > 3A 1. Long shutdown 1 (Jul 2022 — Dec 2023)

T 140 60 = * Detector upgrade
N - — ' Iy h « Beam background mitigation
£ L S(K'9) \\ L « Improvement of beam injection
Lr? 8 =—=int. L[ab-1} S,(fKS)\ 2 2. Run2 (Dec 2023 -)
o\&—’ Ss observation b sy R 40 é . Extegiive {T(])g;:hine;u?i?g }?Ei ;tud1ig)s toward
> 6| ® 3sevidence = = aa X cmes (= X
%’ 0 f, E, 3. Long shutdown 2 (To be confirmed)
o 30 o * Need new ideas and technology for upgrade of
= 4 B - X,y DALRK 2 E SuperKEKI?Smte[gc:[:on region to enable
= B - K20 Q, > L=6><10. cm s. .
< 5 R(D*) vs R(D) = e.g. QCS (final focusing system) upgrade with
Sf B -1y ! 110 = Nb;Sn
| \ B - Kvv
0 =0 : , » Many challenges and R&D items ahead of us
2019 l(_i 24 :(_2>b29 2034 - Need more collaborative work in the framework of
Long Shutdown 1 Long Shutdown 2 « SuperKEKB International Task Force

« US-Japan Cooperation Program, etc.
Many physics discoveries are expected.
Support of US colleagues and contributions to SuperKEKB/Belle Il are appreciated.



High Intensity Proton Accelerator Complex operated jointly by KEK and JAEA

% Hadron hall:

Particle and nuclear physics experiments with
fixed target

% Neutrino facility:
Neutrino beamline for T2K and upgrade
program for HyperKamiokande

“ MLF:

Material and life science experiments with
neutron and muon probes. Muon g-2/EDM
experiment will be done at MLF.




T2K: Long baseline neutrino oscillation experiment

T2k

Neutrino oscillation . .

Neutrino Beam

Asymmetric?

TR @ &

~470 members, /4 Institutes, 13 countries

&~ 45 RunlRun2  Run3Rund  Run5Run6 Run7 Run§ Rund Runl0 RunlH
Y LI L L B S B = 40 = Total Accumulated POT Tor Physics | | _
< 50 S . — - = v-Mode Accumulated POT for Physics
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| Precise measurement
, " 2010 20'11|20'12I20‘1312014‘2615}20‘16I20‘17 2018 20192020 2021 with doubled data by
First constraintonlepton CP ~ High power neutrino beam; ~520kW (achieved) ~2026 is expected.
asymmetry has been obtained. N Intensity upgrade up to 1.3MW

& Near-detector upgrade are on going.
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HyperKamiokande by U.Tokyo

Project Hyper-Kamiokande Detector
» 190kt-FV Hyper-Kamiokande Detector (UT)
> Upgrade of J-PARC to 1.3MW (KEK) ae s \ Douible=

Physics goals | sensitivity * :
» CPV in neutrino sector
» Search for proton decay
» Atm-nu, solar-nu and supernova nu

International project hosted by U.Tokyo & KEK

Funding approved and construction started in
2020

» Preparation of cavern excavation, production of PMTs
started

» J-PARC upgrade on-going
Aiming to start operation in 2027.
S i~Al BT | o

Py --.- “fE=
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Hyper-Kamiokande Detector i

- ~500 members gy
) from 20 countries

~~~~~~

Access tunnel excavateds. "

High power proton beam
J-PARC and near dtectors

¥
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KEK's role in HyperKamiokande program

k- |
i b E
B=PARC Accelerator

1400 _.I MR Beam Power in Mid-term Plan [kW] I—-—

1000 | @ Magnet PS upgrade

2.48 -~ 1.32scycle 3

@ 1.32 — 1.16s cycle

600 | A— .
@ RF system upgrade

400 | — : .
ND280 2 2~ harmonic RF
200 | |_cavities ! !
1 1 1 1 L |
2016 2018 2020 2022 2024 2026 2028 2030
JFY

® J-PARC Accelerator/Beamline upgrade

e Beam power = 0.5 MW — 1.3 MW (x2.6)
@ J-PARC Near Neutrino detector upgrade

* ND280 upgrade, Intermediate Water Cherenkov Detector (IWCD)
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u program at J-PARC

COMET at Hadron hall g-2/EDM at MLF

Search for uy™+(A,Z2)— e +(A,2) New principle of measurement

By measuring delayed monochromatic e Goal

Staging approach g-2:0.5ppm > 0.1 ppm

Phase-l (2022~): BR < 104 EDM:<1.8x10"ecm=>2x102"ecm

with 8GeV 3.2kW beam x 150 days
Phase-Il: BR <10-16

New Muon g-2/EDM Experiment at
J-PARC with Ultra-Cold Muon Beam

ra-cold u~ beam is injected to storage magnet.
ulse kicker stops muons in storage area

'ositron tracker measures e+ from p-—>e*vv decay for the
eriod of 33us (5 x lifetime)

uuuuuuuuu
rget




new K* counter
in 2020
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neutral
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beam
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KOTO: Search for Ky,

gamma-ray
counters

charged-particle
counters

in-beam particle
counters

-

neutrino

s
s

72
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>

neul‘ron

counters

anti-neutrind

electromagnetic
calorimeter

Y

- directly CP-breaking decay

- rare in the SM: 3.0x 10!

- sensitive to New Physics,
including K, >m°X° ( light dark boson )

no candidate event in 2015 data;

upper limit 3.0 x 102 (90% CL)

— T VUV
- 500 *
D
transverse 450 —_— 0...7e
momentum 400462 0.08
F +0.04 )
(MeV/c) 350 e four candidate events
250 Vi 5 with the sensitivity of
200;— o 1. 7 x 10-10
150 ‘ 59-3.4_?-0-03 +0.08
reported | S0 4, ©0.08:+0.05| 0.00+0.00
at 1800 2000 3000 4000 5000 6000
KAON20189,
J-PARC PAC | observed  decay vertex position (mm)
expectation

Possible background from K* in the KL beam
- Now measuring K* flux in the KL beam
- Planning to improve the detector
to suppress the background.

US: DAQ upgrade for
higher data rate
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International Linear Collider (ILC)

At

Cryomodules

e- Source

o o | oo

"
....

._ C.M. Energy 250GeV
e- Maininac e Length 20km
o Luminosity 1.8 x1034 cm2s-"
pre-accelerator Key Technologies Repetition 5 Hz
few GeV A\
” W source
7 : - Nano-beam Technology Beam Pulse Period 0.73 ms
d [ i .
lamping .. SRF Accelerating Technology . Beam Current 5.8 mA (in pulse)
0 S N I nnalIogys Beam Size (y) at FF 7_7 nm
i SRF Cavity G. 31.5 MV/m

main linac
compressor collimation Q, Q, = 1x10 10



Early history of ILC

O In 2004, ICFA chose the cold technology for LC as a global EAR COLLIDER TECHNOLOGY CHOICE
project, and set up a global team (GDE) for design and ICHEP SONWIREYNEE 2004 BELIWG
coordination of R&D for the ILC. After eight years of works, the | N %
TDR of the ILC was published in 2013.

O In 2012, after the discovery of the Higgs boson at LHC, KEK and
the Japanese HEP community proposed to the Japanese
Government to host the ILC in Japan as a global project.

O Inthe 10 years since then, the Japanese government has
considered hosting the ILC through discussions at the ILC
Advisory Panel of MEXT, consultation with the Science Council
of Japan, and dialogue with other governments, but has yet to
reach a conclusion that the ILC should be hosted in Japan.

©KEK



Situation in Japan

O The Japanese MEXT is well aware of the significance of promoting particle physics
research internationally, and understands that the activities of physicists to realize the
future accelerator such as ILC should be appropriately supported. In this regard, MEXT
has allocated 9.7 oku JPY (~US$7.4 million) to KEK for JFY 2023 for the ILC development,
double the what has been allocated up to now.

O The International Development Team (IDT) has been established under ICFA to promote
the ILC.

O KEK’s stance on ILC

m  We will strive to realize the ILC as a global project in collaboration with IDT and the physics
communities in the world.

m In addition, we are working strategically to gain broad consensus in Japan so that we can host
the ILC with the support of the Federation of the Diet Members and the supporting organization
in the industrial sector.

m In the next step, KEK will take an initiative in the ILC Technology Network (ITN), as the
Japanese government intends to actively support the technological development for the ILC.

O KEK



Starting up the ITN

O The ITN is jointly initiated by KEK and IDT based on the institutional engagement.

O Discussions have been made with the laboratories worldwide to solicit their participation in
the activities.

O It will be launched by agreements between KEK and a partner laboratory which define the
deliverables and obligations.

Proposed framework
of the ITN

Collaboration Agreements

©KEK



Industrial application of superconducting accelerator

Next generation -
lithography with EUV-FEL P

e | KRBT

= -FEL TR

FEL (10 kW) (E/BIXR)

Bio-ethanol production ‘

from wood

.

¥

Collaboration with AIST =01

High purity °®*Mo was
extracted in the initial test.
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Summary and conclusions

O KEK covers diverse accelerator-based science and technology. Among these, high-
energy physics is a centerpiece research field at KEK, and for this purpose, we have the
multi-purpose high-intensity proton accelerator complex J-PARC and the high-luminosity
electron-positron collider SuperKEKB, where various research programs are being
pursued with physicists from the U.S. and around the world.

O In neutrino physics, the ICRR of the University of Tokyo is constructing the Hyper-
Kamiokande, which, together with the upgrade of J-PARC at KEK, will dramatically
increase the sensitivity of CP non-conservation measurements in neutrinos. This new
experiment is scheduled to start in 2027.

O In addition, experiments on pg and neutral K mesons using high-intensity proton beams
are being conducted in the Hadron Hall at J-PARC.

O The Japanese physics community and KEK proposed to host the ILC in Japan, which is
being considered for realization as a global project. Meanwhile, the International
Development Team (IDT) has been established under ICFA to promote the ILC, and
Japanese researchers are in discussions with European and U.S. institutions to establish
an ILC Technology Network (ITN) in cooperation with the IDT.

O KEK



