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History on Test Beam Line at KEK

ÅBeam linȅKEK-PS (1980s~)
ÅHadron beam for particle experiments
ÅMomentum up to 4 GeV/c
ÅPS shutdown was in 2006

ÅTBL extraction from KEKB @ Fuji Hall
ÅUsing synchrotron radiation photon
Åat straight section in Fuji experimental hall
ÅEstablished in 2008, tested in 2009.
ÅMomentum up to 3 GeV/c
ÅClosed due to low rate.

ÅTest beam line @ PF-AR (2023~)
ÅExtract electron from Photon Factory
ÅMomentum  up to 5.8 GeV/c
ÅConstruction in 2019 ˙2022.
ÅFirst beam in March 2022.
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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, two wires system) 

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



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%. 

Beam transfer: To have higher rate

Location of 
the magnet

Q-Magnet has been 
moved in 2025 July!

Beam rate increased by 1.4  



Beam profile post Q-mag move

ÅPlan for further improvements
ÅSuppress burst @ top -up injection

ÅUnderstand dependence related to ¬accelerator tuneº
ÅPossibility to increase of rate increase

Peak intensity @ 10 mm x 10 mm

350 Hz



Beam profile 

Åa
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PF-AR electron beam line
single bunch, rev. 795 kHz 

Beam energy < 5.8 GeV/c

Dp/p ~ 8 %

Beam rate@ 2.5 GeV/c

20 mm x 30 mm 7 kHz

10 mm x 10 mm ~350 Hz

5 mm x  5 mm ~100 Hz 0     1      2     3     4 (GeV)

A
rb

itr
a

ry

Dp/p  ~  8%
(can be reduced.)

Measured by
Lead Glass Calorimete r



Accelerator: 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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Å Electron  beamτρμοψ πχế
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Succeeded to have 
32.4 mA + 32.0 mA,

total 65.5 mA!

There are users need higher intensity.
- lower current/bunch is not great.
Solution:
Ą 20 mA + 50 mA, 

Total 70 mA.
For test beam, higher rate by 40%!
Will see this would be possible.

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



Beam stability and top-up injection
Å 50 mA in storage ring is kept 24 hours.

ÅNo down time during ¬user timeº. 

Å Top-up injection every 5~10 min.
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Top-up electron beam injection to the storage ring
- spikes on beam rate because of beam kicks.
- kicker system to be upgraded to suppress effect.  

Waveform of the spike at beam line:

0             0.4      0.8     1.2 (ms)
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100 k particles observed
(counted by emulsion)

Most of particle produced at the 1 st round.
PF-AR revolution frequency 795 kHz,  1.258 ms

Pulse of Lead glass Calorimeter



TBL users and test experiments
ÅElectron TBL ̏ KEK PF-AR

Å2022ʿCommissioning

Å2023ʿPilot  operation

Å2024ʿFirst  year of official  operation

2400 hours over 5 months / year
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https://itdc.kek.jp/en/testBeamLine/index.html
https://www2.kek.jp/uskek/eng/apply/ar_tbl_eng.html
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Year May -June Oct -Dec Feb-Mar Total

2023 3 11 4 18

2024 4 12 5 21

2025 6 7 5 18

Total 13 30 14 57

Å Includes education purpose ˢ2 casesˣ
Å User from abroad: 17 (23 ) Ą40(24 ) Ą43(25 )
Å Outputs  by TBL users (2022 ~)
Å Talk @Conf.ʿ135 Thesisʿ49  Paperʿ7

2023
: 18

: 159
: 34
: 16
: 1

-----------------------------
: 49
: 30

: 17
: 24

TrackerὉ 2+1+1+1+1+1 = 7
ЄрЎʾΊ     2+1+1+1+1+1+1 = 8
ϹІ
ϸкзЮ˔Ќ  
ϵйϺ
Profile            2+1 = 3
 

2024
: 22

: 201
: 42
: 15
: 1

-----------------------------
: 84
: 18

: 41
: 25

TrackerὉ 1+1+1+1+1+1+1 = 7 
ЄрЎʾΊ     1+1+1+1+1+1  = 6
ϹІ                1+1 = 2
ϸкзЮ˔Ќ  1+1+1 = 3
ϵйϺ
Profile            1+1+1 = 3

2025
: 18

: 170
: 17
: 2
: 3

-----------------------------
: 57
: 27

: 44
: 26

TrackerὉ 1+1+1+1+1+1+1= 7 
ЄрЎʾΊ     1+1+1= 3
ϹІ                1+1+1 = 3
ϸкзЮ˔Ќ 1+1+1  = 3
ϵйϺ
Profile            1+1 = 2

TrackerὉ 21
ЄрЎʾΊ     17
ϹІ                5
ϸкзЮ˔Ќ  6
ϵйϺ
Profile            8
 

# of test experiments

Available over
CERN shutdown

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


Education

Sensor R&D: topic and stage
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ÅBeam profile measurement

ÅГІЕםᾓχ ‹ʿ 2024ARTBL001, 2024ARTBL009, 2024ARTBL018 (ЌϱЕиʿР˔ЭФкТϮϱи )

ÅTracker
Å 2024ARTBL008, 2024ARTBL021 (Belle - II CDC readout)
Å 2024ARTBL013 (GEM)
Å 2024ARTBL006 (Scinti Fiber)
Å 2024ARTBL010 (Emulsion)

ÅSilicon R&D
Å 2024ARTBL014, 2024ARTBL019 (ALICE CMOS-MAPS)
Å 2024ARTBL004, 015 (ATLAS ITK, LGAD, MALTA)
Å 2024ARTBL007, 019: SOI, OBELIX

ÅCalorimeter
Å 2024ARTBL003 (EBES calibration)
Å 2024ARTBL017 (Barrel Imaging for EIC)
Å 2024ARTBL002 (ECAL for Higgs factory)
Å 2024ARTBL012 (ECAL for ILC)

ÅNew device, photon detector
Å 2024ARTBL005: Photonic crystal
Å 2024ARTBL016, 011: TOF with Cherenkov, MPC -PMT / GasPM

Ṑם ⌠

Emulsion
(2024ARTBL010)

Belle- II CDC
(2024ARTBL008)

GEM
(2024ARTBL013)

Scinti Fiber
(2024ARTBL006)

ALICE-MAPS
(2024ARTBL014)

LGAD, MAPS
(2024ARTBL004)

Belle- II VTX
(2024ARTBL007)

EBES
(2024ARTBL003)

EIC ECAL
(2024ARTBL017)

Higgs ECAL
(2024ARTBL002)

ILC ECAL
(2024ARTBL012)

Photonic Crystal
(2024ARTBL005)

Gas PM
(2024ARTBL011)

GRAMS
(J-PARC T98)

MCP-TOF
(2024ARTBL016)

Beam Profile
(2024ARTBL001)
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ЎϴйрЀТ

ЄрЎй˔Ќ
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ϸкзЮ˔Ќ

TrackerὉ 21
ЄрЎʾΊ     17
ϹІ                5
ϸкзЮ˔Ќ  6
ϵйϺ
Profile            8
 

ATLAS Pixel
(2024ARTBL004)

ᾓם21

ᾓם17

ᾓם5

ᾓם6

Proof of
principle

Improve of
principle

Improve 
performance

Performance 
Check for exp.

Production

Tracker 

Photon 

Gas

Calorimeter

Put here result directly.

https://www2.kek.jp/uskek/acc-internship/guideline.html
https://kds.kek.jp/event/53863/contributions/285577/attachments/189534/256917/20250403TestBeamLine_usuda.pdf
https://kds.kek.jp/event/53863/contributions/285131/attachments/189495/256923/20250403.artbl.yu.nakazawa.pdf
https://kds.kek.jp/event/53863/contributions/285131/attachments/189495/256923/20250403.artbl.yu.nakazawa.pdf
https://kds.kek.jp/event/53863/contributions/285131/attachments/189495/256923/20250403.artbl.yu.nakazawa.pdf
https://kds.kek.jp/event/53863/contributions/285137/attachments/189536/256921/K_Ozawa_250403.pdf
https://kds.kek.jp/event/53863/contributions/285692/attachments/189542/256933/%E7%AC%AC2%E5%9B%9E%E6%B8%AC%E5%AE%9A%E5%99%A8%E9%96%8B%E7%99%BA%E3%83%86%E3%82%B9%E3%83%88%E3%83%93%E3%83%BC%E3%83%A0%E3%83%A9%E3%82%A4%E3%83%B3%E7%A0%94%E7%A9%B6%E4%BC%9A_2024ARTBL006.pdf
https://kds.kek.jp/event/53863/contributions/285427/attachments/189513/256888/ALICE-J_yamaguchi.pdf
https://kds.kek.jp/event/53863/contributions/285427/attachments/189513/256888/ALICE-J_yamaguchi.pdf
https://kds.kek.jp/event/53863/contributions/285427/attachments/189513/256888/ALICE-J_yamaguchi.pdf
https://kds.kek.jp/event/53863/contributions/285691/attachments/189505/256881/Testbeam_setup_for_general_detector_development_and_performance_evaluation_of_LGAD_detectors.pdf
https://kds.kek.jp/event/53863/contributions/287851/attachments/189496/256854/TestbeamWorkshop_20250403_sugawara_v2.pdf
https://kds.kek.jp/event/53863/contributions/285614/attachments/189570/256976/250404-BelleII_VTX.pdf
https://kds.kek.jp/event/53863/contributions/285614/attachments/189570/256976/250404-BelleII_VTX.pdf
https://kds.kek.jp/event/53863/contributions/285614/attachments/189570/256976/250404-BelleII_VTX.pdf
https://kds.kek.jp/event/53863/contributions/285132/attachments/189520/256895/EBES250403.pdf
https://kds.kek.jp/event/53863/contributions/285133/attachments/189573/256980/250404_KEK_TB_2024ARTBL017_jbok_rev2.pdf
https://kds.kek.jp/event/53863/contributions/285134/attachments/189364/256813/Timing%20optimization%20of%20strip%20April2025.pdf
https://kds.kek.jp/event/53863/contributions/285134/attachments/189364/256813/Timing%20optimization%20of%20strip%20April2025.pdf
https://kds.kek.jp/event/53863/timetable/#5-proof-of-concept-for-the-res
https://kds.kek.jp/event/53863/contributions/287338/attachments/189572/256979/ARTBLmeeting_20250404_weiyuan.pdf
https://kds.kek.jp/event/53863/contributions/286309/attachments/189558/256957/TBL2025s.pdf
https://kds.kek.jp/event/53863/contributions/285862/attachments/189577/256992/20250404_testbeamlineworkshop_KoichiUeda_v4.pdf
https://kds.kek.jp/event/53863/contributions/285862/attachments/189577/256992/20250404_testbeamlineworkshop_KoichiUeda_v4.pdf
https://kds.kek.jp/event/53863/contributions/285862/attachments/189577/256992/20250404_testbeamlineworkshop_KoichiUeda_v4.pdf
https://kds.kek.jp/event/53863/contributions/286173/attachments/189508/256872/ARTBL%E7%A0%94%E7%A9%B6%E4%BC%9Av1.2.pdf
https://kds.kek.jp/event/53863/contributions/285691/attachments/189505/256881/Testbeam_setup_for_general_detector_development_and_performance_evaluation_of_LGAD_detectors.pdf


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



Education: program for under grad. students 

ÅBeam profile measurement with Scinti fiber
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Beam transfer simulation

ÅShower profile measurement

from Kobe University

https://kds.kek.jp/event/53863/contributions/285692/attachments/189542/256933/%E7%AC%AC2%E5%9B%9E%E6%B8%AC%E5%AE%9A%E5%99%A8%E9%96%8B%E7%99%BA%E3%83%86%E3%82%B9%E3%83%88%E3%83%93%E3%83%BC%E3%83%A0%E3%83%A9%E3%82%A4%E3%83%B3%E7%A0%94%E7%A9%B6%E4%BC%9A_2024ARTBL006.pdf


Plan on Beamline instrumentation

ÅTelescope with MALTA2
ÅTarget position resolution: ~ 4 mm 
Å6 layers, inclined two layers next to DUT   

ÅInitial test in June, to be commission in October 2026 
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MALTA telescope @ CERN



Plan on Beamline instrumentation

ÅTo provide precision timing
ÅReference timing detector (i.e. MCP PMT): ~ a few ps

ÅMeasure momentum with permanent magnet at DUT position
ÅCombine with Telescope and Energy scale ~ 1 %.  
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Beam
dump

Well calibrated
Calorimeter

Drift 
chamber

Drift 
chamber

Telescope with MAPS

Magnet Precision
Timing 

detector
Trigger
counter



Summary

ÅElectron test beam line is available at KEK, 
Tsukuba, Japan 
ÅBeam time period
ÅMay-Jun, Oct-Dec and Feb-Mar,

total 2400 hours over 5 months / year
Åhttps://www2.kek.jp/uskek/eng/apply/ar_tbl_eng.html

ÅAvailable during over CERN beam down time.

ÅPlan to introduce telescope
ÅSix layers of MALTA2
ÅInitial test in June, commissioning in October.
ÅMomentum calibration to be done.

ÅNot presented in this talk:
ÅHadron test beam line at J -PARC.
ÅConsidering possibilities and evaluating particle 

rates.
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Please contact us via email: 
artbl -secretariat@ml.post.kek.jp
if you would have any question 

PF-AR electron beam line
single bunch, rev. 795 kHz 

Beam energy < 5.8 GeV/c

Dp/p ~ 8 %

Beam rate@ 2.5 GeV/c

20 mm x 30 mm 7 kHz

10 mm x 10 mm ~350 Hz

5 mm x  5 mm ~100 Hz

https://www2.kek.jp/uskek/eng/apply/ar_tbl_eng.html
https://www2.kek.jp/uskek/eng/apply/ar_tbl_eng.html
mailto:artbl-secretariat@ml.post.kek.jp
mailto:artbl-secretariat@ml.post.kek.jp
mailto:artbl-secretariat@ml.post.kek.jp


Extra Materials
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Location of the p1.0 beam pipe

ÅThere is a pipe from production target to p1.0 area.
ÅA space of 1 m x 1 m x 2  m for  beam monitoring  

T105 experiment
Proposal submitted: 2024 Sep
Install setup   : 2024 Dec
Data taking    : 2025 Jan / Feb, 2025 Apr / May 

50̃

MARS Simulation



Experimental setup
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ᴀ“ ΰ
TM   + ЄрЎ˴ ר˴ЄрЎ + Ἃḧ ˴ЫϽКАЕ˴ЄрЎОАЖ +  Aerogel + ЄрЎ +  ІЧ˔І
5 cm    1 cm     1.5 cm     1 cm    21.5 cm         25 cm    +    25  cm             11 cm       1 cm         8 cm
Р˔ЭОϱФ ΤϣζϦηϦχᴞ Ϙπχẩ

5                                                    30              55                80   91       92         100

ITDC ЮϸϽи˔Ф ήϭ

Lead plate
Thickness 1.5 cm
     ~2.7X0

Scinti . strip˴MPPC
strip size: 1 cm x 16 cm
x and y 16 strip each

    Total  32 ch 
supported by Kobe -U

KEKB Steering  Magnet
Max 0.039 T@ 5 A

Aerogel counter
  Reflective Index:  1.045

60 mm x 160mm x 160mm 
Four HPK H1161
supported  by Kyushu-U

DAQ
Trigger less readout with AMANEQ

ITDC E-sys group

Scinti . Counter
Scinti + PMT

 3 sets

Proposal submitted: 2024 Sep
Install setup : 2024 Dec
Data taking    : 2025 Jan / Feb / Apr / May

Suppress g, e

Count charged particles

Separate proton and pion

Target Monitor



Results after updates

ÅRate and efficiencies
ÅBefore: Feb  19thʿ 400 kHits / spill @ 82.5 kW

ÅAfter   : May 13 th:  1.5 MHits / spill @ 92.1 kW
ÅFake hit is negligible thanks to the 3 - fold  coincidence

ÅThe efficiency correction factor is 1.5 ~  3.0.
ÅLarge variation in different conditions

ÅThe fraction of pion
ÅThe hit fraction of the aerogel counter
Å10˙20̋   (large variation observed)

ÅResult:  rate of p- in 0.9 GeV/c < p < ͍.0GeV/c
Å> 14 kHits / spill
ÅAssuming distribution of MARS simulation

ÅExpectation by MARS simulation :  110 kHis / spill

Random trigger

ADC

E
ve

n
ts

82.5 kW
Defocus

Aerogel
counter 

Events triggered by 3 - fold coin

Need to check numbers

by Kakeru Tanaka from Kyushu -U



Next step
ÅPlan to enlarge area and introduce magnet .
Å1 m x 2 m Ą 5 m x 2.7 m
ÅBend charged particle by 45 degree
ÅMax 1.6 T @ 1060 A

ÅMeasure charged particle rate
ÅSuppress large amount of neutrals .

ÅDetectors
ÅScintillation counter
ÅNeed to readout under magnetic filed

ÅPID device
ÅAerogel / Gas Cherenkov?

ÅPosition sensitive
ÅDLC-RPC  

ÅCurrent team members from
ÅKobe U, Kyushu U, Osaka U, ITDC

TMЯ
ИЌ
ᴒ

Use opportunity of the modification of K1.8BR area

K. Ieki et al. , NIM A 1064, (2024), 169375
M. Takahashi et al., NIM A 1066, (2024), 169509

ЕзϹ˔ЄрЎ

DLC-RPC (x,y)

DLC-RPC (x,y)
TOF

TOF

Aerogel

ֽ

ІзАЕ

~
2

 mּל

https://doi.org/10.1016/j.nima.2024.169375
https://doi.org/10.1016/j.nima.2024.169375
https://doi.org/10.1016/j.nima.2024.169375
https://doi.org/10.1016/j.nima.2024.169375
https://doi.org/10.1016/j.nima.2024.169375
https://doi.org/10.1016/j.nima.2024.169509
https://doi.org/10.1016/j.nima.2024.169509


Materials for PF-AR TBL



Lead Glass Calorimeter

ÅRe-use from past experiment at KEK
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Electron TBL at KEK

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


The electron test beam line at KEK PF-AR

Åa
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Counting room Beam shutter

Trigger counters

Sensor Stage 



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

B
e

a
m

 C
u
rr

e
n

t

Top-up operation No top -up 

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


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.


