
Status and prospects of 
KEK research activities

Shoji ASAI (KEK)

19 June, 2025

Asian Forum for Accelerators and Detectors 2025

1

KEKair2004-04M

Tsukuba Campus Tokai Campus

http://www-acc.kek.jp/KEKB/pictures/KEKB_photo/KEKair2005/KEKair2004-04H.jpg


KEK has Diversity in accelerator-based sciences
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Now 
Quantum  

We can use
various
multi -beam

Electron
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PF (hard,soft ) 
Proton
Neutron
Muon

Strangeness
Neutrino

Unique Lab.
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1. SuperKEKB / Belle II

(7 GeV)

(4 GeV)

3016 m 
circumference

Belle II Collaboration: 
>1200 members from 28  countries/regions

The world -highest Luminosity was recorded
5.1 × 10 34 cm -2 s-1 (Dec. 2024)

1) ̠͗Kɜɜexcess?  (C9
U in B ->Kll angular distribution anom . in LHCb ) 

2) R(D) ²R(D*) final examine and hint of new physics (H+ -? LQ?)
3) New CP violation in quark sector? 
4) Search for LFV  using tau 
5) Dark Photon/ Dark Matter 
6) Vacuum Polarization  for lattice studies (muon g -2) 
7) New state of quark / gluon 

Many 
interesting 
topics 

3



We try to understand various problems in 2024 run
(1) Sudden Beam Loss ( SBL)
(2) low Injection efficiency due to beam -beam int .
(3) Beam can not squeeze due to beam -beam   int .

ü ¬Vac sealº  is one cru of SBL:
Now we are cleaning the pipe.  Strong SR and  

heat cycle cause various 
problems:
We fix step by step 
We can obtain many 
information about 
materials/beam monitor ..

for future high 
current  colliders

Beam -beam interaction is new topics of frontier 
The international collaboration 
with CERN, DESY, IHEP,USTC (Thanks!! CAO -san) 
has started  to study the beam -beam interaction.
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SuperKEKB is Luminosity frontier:

üNano-beam technology
üPowerful injector Linac

Nano-beam is 
standard for  next e+e- colliders 

ѝis squeezed less than 1mm smaller than
future collider design

Current Status of SuperKEKB



2025 Run

Cont. SBL
Update Beam injection

squeezing Beam

Plan of SuperKEKB

2025 target 
L> 10 35 cm -2 s-1

Integrated Lumi > 1 ab -1

1st step  2025 Plan: Increase beam current
2nd step 2026 & later squeezing upto 0.6mm

L > 2. 4 × 1035 cm -2 s-1

LS2 is planed (~ 2032) for the  3 rd step
1) detector update    CDC, VX, TOP..
2) QCS magnet  final focus 

First step & 2 nd Step 

are considered. 
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New Trials 
ƋBeam current 
ʾSqueeze 

Nano -beam 

2032~

3.03A/2.0A



2. Photon Factory
PF 2.5 GeV, 450mA  e- (since 1982)
PF-AR : 6.5 GeV, 60mA  e- (since 1997)

Slow Positron Facility
A unique facility for studying surface of 
materials 

BL-12A (new!) : Wide -wavelength -range Soft X-ray BeamlineMulti -beam experiments are possible.

(under construction)

Constructed by the Detector Technology 
Project Office, KEK

39 BL @ PF
9 BL @ PF AR

3000 users
use these BL
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We have 2 PF rings + slow positron facility

There are
various 

detectors 
installed



Scientific Topics of Photon Factory

© wikipedia

The molecular 
function of the 
autophagy -
related protein 
Atg2 has been 
elucidated.

Structural Biology of Autophagy related protein Formation and evolution of asteroid Ryugu

Nobel laureate 
Yoshinori 
Osumi's team

Nat. Struct. Mol. Biol., 26 (2019)

Prof. Tomoki 
Nakamura

Development of novel materials with skyrmion

Stably existing "magnetic 
skyrmions" which are 
attracting attention as 
next-generation 
spintronics devices were 
successfully observed.

Structure in which Atg2 
recognizes phosphate groups

Science, 365 (2019)

Prof. Yoshinori 
Tokura s team

Gd

Pd/Si

Realtime observation of photocatalytic reaction

A ¬wavelength-dispersive soft X -
ray absorption spectroscopyº that 
enables realtime observation of 
the photocatalytic reaction , has 
been developed.

Analysis of return samples 
revealed the formation 
history of the asteroid 
Ryugu .

Science, 379 (2022)
Science, 379 (2023)

Electrocham. Comm., 165 (2024)

Prof. Kaoruho Sakata 
and Kenta Amemiya

Wide topics are covered

Life science, Materials science,
Geophysics, Chemical ˜

S



New Beamline + Multibeam
Multibeam : elucidating the origins of functions in materials and life 
with heterogeneous in space and time  

Multi - functional R&D beamline and multibeam measurement system

Multi - functional R&D Beamline at Photon Factory 
construction now

Å As a place for R&D of multibeam experiments , a new 
beamlines, BL -11A and 11B, are constructed by joint 
project of PF, UVSOR, HiSOR, and ISSP-SOR (four 
academic synchrotron facilities).

Å Construction will be completed in FY2025.  In parallel, a 
multi -beam measurement system is being developed.Examples of synchrotron radiation multibeam experiments. observation 

with two beams, one to observe slow changes in a wide field of view, and 
the other to observe fast phenomena, makes it possible to capture 
photochemical reactions (left). It can also be applied to pump -and probe 
experiments such as observation of skirmions (right).

Construction of multi - functional R&D beamline 
(Apr. 2025)

Design of  new synchrotron light source:
Beam line is constructed for R&D multi -
beam:  X+X  Next  X+( n,muon, positron)

Pump & 
Probe 

Probe & 
Probe



There are two Rings

RCS 3GeV  (JAEA operates)

MR 30GeV (KEK operates)

3. J-PARC

There are three facilities:  MLF, T2K, HD
MLF: Material / Life Science 

Facility (muon/neutron) muon acc.  

Various particle beams 
are used:

9



Neutron

Muon 

Power increases step by step.
Beam power is ~1MW  for 

user usage (2024)

Beam power history of MLF

Muon

We have many users
We start discussion 

about 2 nd Target

You can see there are no space of 
additional beam line 

Mercury 
target

Carbon
target

Proton 
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High Resolution 
Chopper 

Spectrometer

Engineering Materials 
Diffractometer

Soft Interface 
Analyzer

Small and Wide 
Angle Neutron 

Scattering 
Instrument

Cold Neutron 
Disk-Chopper 
Spectrometer

Neutron Beam-line 
for Observation and 

Research Use 

4D Space Access 
Neutron Spectrometer

IBARAKI 
Materials Design 
Diffractometer

Super High 
Resolution Powder 

Diffractometer

High Pressure 
Neutron 

Diffractometer

Biomolecular
Dynamics 

Spectrometer

Polarized Neutron Reflectometer
Extreme Environment Single 

Crystal Neutron Diffractometer

Special Environment 
Neutron Powder 
Diffractometer

IBARAKI 
Biological Crystal 
Diffractometer

Accurate Neutron-
Nucleus Reaction 

Measurement 
Instrument

Neutron Optics 
and 

Fundamental 
Physics

neutron source
proton beam

Neutron Instruments in MLF

muon target

Village of neutron 
resonance spin echo 

spectrometers

High Intensity Total 
Diffractometer

Energy Resolved 
Neutron Imaging System

Polarized Neutron 
Spectrometer

23 beam ports

21 in operation

Various 
probing
methods
can be 
used.
Basic detectors 
are already 
installed.

We open 
collaboration
use.

Let s contact 
us
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Spin Wave Lifetime of Quantum Magnetic Materials 
Successfully Controlled by Magnetic Field

S. Hasegawaet al., NatureCommunications15, 125(2024).

Spin wave spectrum measured by Neutron Inelastic scattering

Elucidation of a New Switching Mechanism for Spin Currents 
- Potential Application to Next-Generation Electronic Devices

Ongoing development of of All-Solid-State Li 
Battery Material using neutrons

Li 10GeP2S12
Nature Materials 2011

Li 9.54Si1.74P1.44S11.7Cl0.3

Nature Energy 2016

Li 9.54[Si 0.6Ge0.4] 1.74P1.44S11.1Br0.3O0.6

Science 2023

Neutron diffraction for elucidating lithium ion diffusion mechanism

Towards high -capacity and high -current all solid -
state battery

temperature

>5200 citations >3300 citations

>300 citations

Prof. RyojiKanno(TIT)

Scientific Topics of MLF ²NeutronScientific Topics of MLF Basic Science
Application wide topics

Spin current becomes the next technology



Muon :  Cold+Acceleration

1) Cold muonium  are produced efficiently using special silica aerogel (laser ablated)  factor 10 efficiently 
2) First demonstration of positive muon acceleration to 100 keV

3) Next step : Muon beam acceleration  upto a 4 MeV
muon is used for  microscope & scan with artificial muon:

Muonic Atom QED+TES  (these parts are funded)

²ƻǊƭŘΩǎ ŦƛǊǎǘ ŎƻƻƭƛƴƎ ŀƴŘ ŀŎŎŜƭŜǊŀǘƛƻƴ ƻŦ Ƴǳƻƴ

4) 3rd Step: Experimental Hall/ beam -line will 
be extended +  muon accelerated upto 200 MeV.

(R&D muon collider, microscope and 
measure muon g -2 / EDM˜ Unique ) 
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Beam power : 92.2 kW achieved.

Extracted protons per pulse : 8.12 x 10 13 

this is the world record 

25/05/05 01:00:50
Slow Extraction

J˵PARC MR

These protons are injected
to Hadron Experimental
Hall 
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~2 sec



Hadron Experimental Facility 

T1

K1.8

K1.8BR

high-p

KL

COMET

K1.8BR
ˢ~1.0 GeV/c K-x

Kaon in nuclei
Kbar N interaction

K1.8s ~1.8 GeV/c K-x

S=-1, -2 hypernuclei
Baryon-Baryon interaction

Hadron property in   
nuclear medium
Origin of hadron mass

high-pˢ30GeV primary proton beamx

KL (KOTO)

CP violation in K0L decay

Measurement of mĄe
conversion (2023~) 

30-GeV proton

QCD
mass

Strange  Hadron

CP in Strange Quark 

LFV

You can use
Strange Hadron 
muon, proton 
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~560 members, 74 Institutes, 15 countries (incl. CERN)

High power neutrino beam; ~ 900 kW (achieved)
̠ upgrade up to 1.3MW 

4. J-PARC/T2K program 

HK 
IWCD

Const. IWCD has
started (ready 2028)

Near detectors 
already  in place

MR upgrade:
- Main magnet PS
- RF system
- Inj/FX system
- Collimators, etc.

16We can start @ 2028



Hyper-Kamiokande(HK) project
üFunding approved and construction started in 2020      

(U-Tokyo and KEK)

üConstruction of HK 

Excavation of main detector cavern finish soon.
mass-production of PMTs/electronics  are on-going.

üBudget/schedule are under control.

üAiming to start operation in early 2028

(I hope discovering CP violation around ) 

Mass production of PMT for HK

~600 members

from 22 countries
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Dome will be ready
very soon

we have ceremony
in the next week -end.



Instrumentation Technology Development Center
ITDC, newly established in 2022 under KEK-IPNS is engaged in 

Å Supporting major IPNS experimental projects, 

Å Strengthening Inter-university research collaboration

ü e.g. test beam line 

ü Advancing next -generation technologies .

V Optical sensors(A), semiconductors(B), gas &  active media(C),

V electronics (Collider Electronics Forum)

V Development of manufacturing processes for aluminum-stabilized 

superconducting cables in collaboration with CERN

V R&D on the solid-state detectors for future collider experiments, etc.

Evaluation of CMOS sensor at test beam line Development of the pixel sensor 

with additional gain layer

Thermal calculations for manufacturing 

process for aluminum stabilizers.

Development of the new material 

solid -state sensors at platform B

Aiming to develop rad-hard sensors
Aiming to develop silicon detectors with high 

time resolution and low power consumption

5. Detector & Technologies Section Not only detector, but also electronics SC magnet cable.. 
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Collaboration detector R&D also welcome



Electron Test Beam Line is ready
Å It is designed to provide electron beams 

ranging from about 0.5 GeV to 6.5 GeV 

for the purpose of testing detectors .

Å Beam operations for users are typically 

conducted during the period of May-Jun, 

October-December, and February-March 

each year.

Å Beam time is planned to be available 

during shutdown periods a CERN and 

FNAL (i.e. 2026 -2029).

Statistics
FY 

2023
FY 

2024

Number of Experiments 17 21

Total number of Users 150 201

Students (among them) 79 102

Foreign users (among them) 17 41

Conference Presentations 35 40

Dissertations 16 15

Publications 1 1

Electron beam 

from PF -AR

Experimental Hall

Counting room

Quad. Magnets

Test of new wavelength shifting fibers

3GeV electron beam at a few kHz

Test of the silicon pixel sensors

Å If you are interested, please contact ITDC test beam line at 

artbl -secretariat@ml.post.kek.jp
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Q-Sensor
Basic Science

PP LabMat.Lab
Quantum
Material
using 
multibeam

academic-
industrial
Collab. office

Accl. /Workshop 

Labs.

Private Companies

+ Labs

Application
Sensor
Q-Connection

Study Q Material

(Various  Quantum 

beams prove spin/state

of atom, electron, nuclear)

CryoCMOS

Cryo technology
SC Cavity Q>1011

Sensor for Basic Science

Gravity 

Q-Connection

Dark Matter detection

International Collaboration

All KEK has Synergy based on ¬Quantumº

ASPIRE

Quantum technology on going Big Cryo-Labo
4 XLD400
are installed
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WPI CENTER QUP core of Q in KEK


