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Introduction: KEK has a TBL with electron!

ÅElectron test beam line with momentum up to 5.8 GeV.
ÅOfficially from 2024 at KEK Tsukuba campus.

ÅAbout 5.5 months per year

ÅAvailable over CERN TBL shutdown period

ÅConsidering to launch a hadron test beam line
ÅAt J-PARC, Tokai campus
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Table from this link

https://cernbox.cern.ch/external/public/wRuLiYuAwqgS5xx/InternationalTBplan-worldwide.xlsx


KEK accelerators and PF-AR ring
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PF-AR: Photon Factory Advanced Ring

- 5 GeV or 6.5 GeV electron 
- large current of 50 mA with single bunch
- pulsed light source

PF-AR



Electron test beam from PF-AR 

ÅPhoton emission by wire target (Graphene) 

ÅInject photon to a converter (16 mm Cupper plate) to make pair creation.

ÅTransfer electron with Di -pole and Quadra -pole magnets to the test stage. 
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Electron in AR ring

Single Bunch operation



The electron test beam line at KEK PF-AR
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Counting room Beam shutter

Trigger counters

Sensor Stage 



Electron test beam at KEK

ÅKEK PF-AR test beam line
Å2023: test operation

ÅOfficial operation since 2024.
Å5.5 months / year
ÅMay-June, Oct-Dec, Feb-Mar

ÅIncreasing number of test experiments and users.
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https://itdc.kek.jp/en/testBeamLine/index.html
https://www2.kek.jp/uskek/eng/apply/ar_tbl_eng.html

AC-LGAD

Barrel Cal for EIC

MAPS CE65

https://itdc.kek.jp/en/testBeamLine/index.html
https://www2.kek.jp/uskek/eng/apply/ar_tbl_eng.html


Operation

ÅReal ¬24 hoursº stable running.

ÅTop up mode: inject electrons to the bunch every 5 ~ 10 min

7

Instability during the Top -up:
- very high rate for a few turn.
- 155 k Hits per Top -up.
Ą Try to reduce the instability next year.

(kicker system will be improved.)



Test beam rate and profile

ÅBeam profile at 3 GeV
Å ~ 4 mm in sigma

ÅWide in x direction.

ÅBeam rate with 8mm x 8mm:

~ 350 Hz.
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Rate:

Overall rate is 2~2.5 kHz
Highest rate ~ 3 GeV.

Recently we optimize Q -magnet
New: after optimization.
Dp/p ~ 10%.

With AR beam @ 6.5 GeV



Beam profile in beam axis direction
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Beam width in sigma (gaussian fit) in beam axis direction
Z=0 is at the edge of the last quadrupole magnet.

Relation of position and energy.

Narrow energy spread of ~5% would be possible. 



To enhance beam intensity

ÅIncrease bunch current 
ÅSingle bunch 50 mA Ą 55 mA?
ÅSucceeded, but damaged the RF HOM cable.
ÅBeam life time decreased.
ÅHave to make top -up injection more. 

ÅIncrease number of bunches
ÅSingle bunch Ą Two bunches!
ÅUse lower current per bunch
ÅTotal current can be increased.
ÅLooks promising
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Succeeded to have 
32.4 mA + 32.0 mA,

total 65.5 mA!

There is 30 years old system.
i.e. DCCT (DC current transformer)
Ą beam current measurement

  a key component for PF -AR

Stability improved
by a factor 4~5. 

KEK PF-AR Team



ÅPosition of Quadrupole magnets can 
be improved.

ÅSet them upper stream side.
ÅMove one of QF just after Dipole magnet

ÅMove forward rest of Quadrupoles by 1 m.

Ą The rate increased by 1.8

momentum spread: 2.8% Ą 3.4%. 

To have higher rate by the beam transfer

Location of 
the magnet

Plan to proceed this modification 
in Summer 2025



Beamline setup: status and plan
ÅAlready available
ÅTrigger counter, Drift chamber for beam profile measurement 

ÅPlan: 
ÅTo have High position resolution

ÅTelescope with MAPS : interpolate position resolution: ~ mm 

ÅTo provide precise energy scale

ÅCombine with Telescope and permanent magnet : Energy scale a few %.  

ÅTo provide precision timing

ÅReference timing detector (i.e. MPPC PMT): ~ a few ps
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Beam
dump

Well calibrated
Calorimeter

Drift 
chamber

Drift 
chamber

Telescope with MAPS

Magnet Precision
Timing 

detector
Trigger
counter



Possibilities of Hadron test beam in J-PARC

J-PARC Hadron experimental hall @ KEK Tokai campus



Hadron Experimental Facility at J-PARC
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Slide from H. Takahashi

30 GeV
proton



Three possible test beamlines at Hadron Hall
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K1.8BR

K1.8

high-p

COMET

KL

p1.0 K1.1 p20

Max.
Momentum

~ 1.0 GeV/c ~ 1.1 GeV ~ 20 GeV 

Rate 
(# of particle/spill)

10^3 10^7 10^6

Separator No Yes No

Conflict
Parallel with 

Physics
Parallel with 

Physics
Time sharing 

Åp20 is ideal, but expensive and large 
conflict with physics program.
ÅNo have beam w/ COMET at same time.

ÅK1.1 has good features, but the area 
would be small. 

Åp1.0 is realistic plan. Particle rate and 
momentum range might be low.

p1.0

p20

K1.1



p20 Beamline

ÅJ-PARC T106 experiment:
Åtest the Phase -1 configuration

ÅLambertson magnet as target
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Measured particle rate:
Å3 GeV/c : 200 k / spill
Å5 GeV/c : 600 k / spill
Å10 GeV/c: 1400 k / spill

p/ p ratio is ~ 1/1 

@ 82.4 kW operation, loss of 230 W.

Preliminary!

Very good, but large conflict with 
physics program (hadron, COMET).

p20

(1 spill = 4.2 s)



p1.0 Beamline
ÅBeam pipe from secondary target exist

ÅCould establish as a testbeam line by 
introducing minimum set of magnets.
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Expectation @ 115 kW operation

# of particle / spill
1 spill = 4.2 s

Evaluation of particle rate (J-PARC T105)
K1.8 BR area is planned to modify in 2026.

ÅScintillation counter
ÅAerogel counter (n=1.045)
Åp°rate with vetoing proton

Hit rate: > 1.8 M  hits / spill
pion fraction: ~ 10 %

very preliminary.

Further investigation is planned.

Direct from 
production target.
Ą Neutron BG is high.

@ 91.2 kW operation



Summary

ÅKEK has an electron TBL with momentum up to 5.8 GeV.
ÅOfficially open for user since 2024 at KEK Tsukuba campus. 
ÅAvailable for 5.5 months per year. 
Å Available over shutdown period of CERN Test beam lines

ÅImprovement on
ÅBeam intensity
ÅTest beam line infrastructure

ÅOpen for user from abroad : 
ÅAsk for Japanese speaking contact person. 

ÅTrying to establish fully open user support .

ÅConsideration on Hadron test beam at J -PARC
Åp20 beam line is very attractive
ÅLarge conflict with physics program,

Åp1.0 beam line would be good as a hadron test beam line.
ÅWould like to hear potential use of 1 GeV pion beam. 

ÅFeel free to catch me over the workshop!
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Feel free to contact me
yuji.enari@kek.jp

mailto:yuji.enari@kek.jp


Materials for PF-AR TBL



Beam Time in 2025

ÅBeam time for electron test beam line:
Å2025 Mar 03 ~ Mar 24 

Å2025 May 13 ~ July 07

Å2025 Oct 14 ~ Dec 26

ÅBeam time for a group is typically 1 week
ÅWed 17:00 ~ Wed 9:00.

ÅOften Wednesday is machine time.

ÅPF-AR is operating with top -up mode
ÅNo down time for injection.

ÅApplication:  
Åhttps://itdc.kek.jp/en/testBeamLine/index.html

Åhttps://www2.kek.jp/uskek/eng/apply/ar_tbl_eng.html
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https://itdc.kek.jp/en/testBeamLine/index.html
https://www2.kek.jp/uskek/eng/apply/ar_tbl_eng.html


Simulation

Simulation and data

ÅBeam profile data were taken several way and compared to 
beam transfer simulation (SAD)
ÅConsistent behavior is observed

ÅExpected beam rate is higher than measured rate.
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Expected beam envelop

ÅStep by Step
1. Move one QSD to downstream of 

Bending magnet (inside concrete 
shield.)

2. Move all stage Quarapole
magnets shifted by 1 m upstream.

Åbeam rate increase by 1.8 (2.3) for 
Phase-1(2).
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To make PF-AR stable

ÅDCCT: DC Current Transformer
ÅThe device to measure the beam current (30 years old.).
ÅStable monitoring of the beam current is one of the most important item for PF -AR.

ÅOne of two DCCT had been broken and replaced. 
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From Takai-san

https://kds.kek.jp/event/53863/contributions/285694/attachments/189599/257044/NewDCCT_forPF-AR_takai(250403).pdf


DCCT has been replaced.

ÅInstalled in last year. 
Commissioning has been 
finished, To be operated as 
main device since this year.

ÅNew device has better 
precision (w/ better 
electronics) by a factor of 4~5.
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From Takai-san

Red: New DCCT
Blue: Current DCCT

2 hours
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Top-up operation No top -up 

https://kds.kek.jp/event/53863/contributions/285694/attachments/189599/257044/NewDCCT_forPF-AR_takai(250403).pdf


1. Test experiment for ¬Proof of Principleº

ÅRadiation transition with photonic crystal

ÅNo observation in the past. Let s try!
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Charged particle 

Resonance causing constructive interference 
of radiation in a particular direction

Transition
radiation

MPPC 

Si02 crystal

Electron   

Photonic
crystal

Cherenkov light   

Photonic crystal is made based on 
spattering on SiO 2 crystal. 
- total thickness is 16 um.
- Expectation

- light by transition radiation would be 
observed at the angle of 60~70 degree,
in addition to Cherenkov light.

Transition radiation was not observed˜

DATA

Simulation

Failed, but an excellent trial with beam!!

Photonic Crystal
(2024ARTBL005)

Y. Yamaguchi, et. Al.

https://kds.kek.jp/event/53863/timetable/#5-proof-of-concept-for-the-res


2. Performance improvement: Tracker R&D
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AC-LGADMAPS for ALICE
CE65

   65 nm process
 pixel: 15-22.5 um pitch

MAPS for Belle
OBELIX / TJ -Monopix

180 nm process
Pixel: 33 um pitch



3. Performance evaluation: Calorimeter
ÅBarrel Calorimeter for EIC
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Detector built up in Korea.
Held first time test beam in Japan.
Tested new electronics for EIC.
All channels read out properly.

Will be frequent users for AR -TBL!


