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EBES
• Electron Beam dump Experiment at KEK Linac Switching Yard 3


• Searching Axion-like particles in MeV-GeV region 
using /  beam and fixed-target


• Signal: 


• The first physics run is conducted in 2025

e+ e−

α → 2γ

LINAC SY3

Primakoff effect

Beam dump

SuperKEKB 
HER & LER

PF & PF-AR

Extraction line 
used by EBES

In the SY3



• Results from just 3 hours of DAQ

• Bunch charge ~ 0.1 nC

• Collected  positrons on target


• One PbO cherenkov detector used

• Set the ADC threshold high 

and searched in the background-free region

1.3 × 1014
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Pilot Run in 2023

✓ PMTに1700 Vを印加して取得したデータをエネルギー分解能を用いて1800 V分布にスケールした分布
• 背景事象領域として使用

✓ 信号は4500 MeV程度までの広いエネルギー分布を持つが、背景事象は1000 MeV程度まで
✓ 500 MeV以上の背景事象分布を[0]*exp([1]*x)でフィットし0.1事象以下となる1500 MeV以上を信号領域と定義
✓ PMTに1800 Vを印加して取得したデータの1500 MeV以上をblindして、解析構築後にunblindする

背景事象と信号事象のエネルギー分布

信号領域信号領域

[0]*exp([1]*x)

1700 Vで取得したデータ（背景事象） 信号のモンテカルロ事象

メインは
ハドロン

ミューオン

8/13

光子のみと結合するALPsに対する感度
✓ 左図は光子とのみ結合するALPsの
結合定数と質量に対する90%信頼度
での上限

✓ 点線は統計誤差のみ考慮、実線は
系統誤差も考慮

✓ 手計算と比較しても良い一致

EBES実験で初の物理感度評価！

10/13

observed
observed

From T. Iizawa (19pT1-7)

From T. Iizawa (19pT1-7)
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Upgrade Plan
Phase 1 (setup in this talk)

Phase 2

Phase 3

e+ (4 GeV)

e− (7 GeV)

Shield

High granularity calorimeter

Magnet for sweeping background muons

Target regionDecay Volume
SiW-ECAL

Lead-glass detectors

Beam monitor

アップグレードによる感度の改善
13

• 第一期：大質量領域について、現在の制限を超える
• 第二期：大質量領域について、既存の実験（FASER, NA62）の予定
感度を超える

• 第三期：SHiPでも探索
できない強結合領域
(𝑔𝑎γγ大)に感度を持た
せる

Belle IIの結果と合わせ
ることで、一部の領域に
ついてALP探索を網羅す
ることができる

第一期（2025年）
第二期（~2028年）
第三期（~2030年）

アップグレードどによるEBES実験のALPへの予想感度

From Y. Takubo (17aEK104)

Tungsten target
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Phase-1 Setup ①
Taken during the setup construction in Sep. 2025

Silicon detector

Backend module 
for silicon detector

/  beame+ e−

PbO Cherenkov calorimeter 
2×2 segmented 

PbO-3 PbO-1

PbO-5
PbO-7



PbO Cherenkov calorimeter
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Silicon detector 
※ 2-3 layers used 
※ Without absorber layers

Sensitive area ~ 18x18㎠ 
Pixel size ~ 5x5㎟ 
1024 pixels in total

Phase-1 Setup ②

• Main calorimeter is PbO Cherenkov calorimeter

• Developed for the barrel electromagnetic calorimeter for VENUS at the KEK TRISTAN

• DF6 lead-grass block of 12x11.6㎠ x30㎝ read by a PMT


• Calibrated at PF-AR TBL (Test Beam Line) using electron beam in 2023

• Data were recorded using a 12-bit CAMAC-ADC and a 12-bit/3.2 GSPS waveform digitizer



Wavecatcher 波形
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Wavecatcher 波形 

タイミング調整した時のスクショをはっつけて、 

うち、どこがCAMAC-ADCのwindowか示す


<- 電子銃起因のbkgを落とせるかもを期待
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SLAB from SiW-ECAL for CALICE/ILD
• SiW-ECAL


• 20-30 layers of sandwich calorimeter 
with tungsten absorber


• 1 layer of SiW-ECAL = 1 SLAB + 1 absorber


• Segmented silicon pads 
of 


• PCB with ASICs embedded (SKIROC2A chip)


• Jointly developed primarily 
by Japan, France, and Spain


• Will be applied in EBES to identify signal 

5 × 5 mm2

2γ



First Physics Run with the Phase 1 Setup
• The first physics run was conducted with the pase 1 setup 

from Oct. 2 to Nov. 5, 2025


• Acquired data


• Main data


• With 4 GeV Beam:  in total (~16× that of the pilot run)


• In the following analysis, 
using only 4% of the total data from a specific run as a control sample


• With 7 GeV Beam:  in total


• Calibration data


• Pedestal run


• HV scan


• Unfortunately, the silicon detectors were not fully operational due to problems 
with the electronics (もうちょっとシリコン不安にさせない書き方)

344 × 103nC

172 × 103nC

9



Overview of the Electronics
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PbO

SLAB Core Module DAQ PCSLAB

PbOPbOPbO

NIM

Gate 

Generator

CAMAC-ADC

WaveCatcher

NIM

Fanin/Fanout

NIM

Signal Divider

DAQ PC

DAQ PC

Function 
Generator

Acc. Trig. 
(Bunch-sync)

~ 60m BNC  cables x4

~ 60m BNC  cable

~ 60m LAN  cable 
(with USB-LAN adapter)

Inside beam dump



Data Synchronization
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• Data to be synchronized


• PbO calorimeter acquired with CAMAC-ADC


• PbO calorimeter acquired with WaveCatcher


• Silicon detector


• Loss monitor and BPM (Beam Position Monitor)


• Used to detect beam loss and reduce beam-induced background


• All data are acquired using the accelerator trigger, with independent DAQ systems


• Ssynchronization is performed offline


• Due to the low trigger rate of ~ O(10Hz), synchronization is timestamp-based


• Loss monitor and BPM share a common shot ID via the Linac event timing system


• Synchronization among PbO (CAMAC-ADC), Loss monitor, BPM is already done



Hit Map of Silicon Detector (4 GeV)
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Taikan Suehara, EBES mini-workshop, 17 Oct. 2025  page 6

4 GeV

• With the 4 GeV beam, the backgrounds composition is complex (still under study)



Hit Map of Silicon Detector (7 GeV)

13

Taikan Suehara, EBES mini-workshop, 17 Oct. 2025  page 7

7 GeV

• With the 7 GeV beam, the backgrounds is dominated by muons


• Tradckig with only 2 layers seems difficult (analysis ongoing)


• Just getting an approximate muon flux would be helpful



Radiation Damage to Silicon Detectors
• An increase in dark current and the emergence of hot pixels were observed during 

the Sep.-Dec. Linac opetation

• Hot pixels correspond to ~ 1–2% of the active area (at the threshold ~ 0.5 MIP)


• Mitigation of radiation damage is essential for long-term operation

• The damage is assumed to be dominated by neutrons


• Dedicated small-pixel sensors have been installed for radiation monitoring from Jan. 2025

• The silicon detectors have been uninstalled


• The sensors are enclosed with neutron shielding (boron-loaded polyethylene, BPE)

• Up to an order-of-magnitude reduction in damage is expected


• I–V characteristics have been regularly monitored since the Jan. 
during the Linac operation period

14From Y. Sakaki

4x4 pixels 
500um

BPE

PbO detectors

BPE shielding layout



BPE Layout
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• BPE shielding can reduce neutron flux by up to an order of maginitude

• A thickness of a few centimeters is sufficient


• It is important to shiled the object from all directions (4π coverage)

43

上流

シリコン検出器をホウ素入りポリエチレン（BPE）で覆った場合 
中性子のフラックスを１桁程度下げられる

壁側

今回の計算では上流の厚みを20cmから
10cmにしても線量はほぼ同じ。壁と反対側
の横側も埋めたら上流の厚みの違いが出て
くる可能性はあり。

下流

上

※ 2025/1/6には簡易的にシリコンセンサーを
BPEで覆った。（BPE厚み：上流10cm, 下流
5cm 上下左右4cm。ただし上と上流の間に
1cm x 20cmくらいの隙間あり。）

BPE shielding layout

From Y. Sakaki



Beam Exposure and Dark Current
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• The effectiveness of the BPE shielding and the expected lifetime of the silicon detectors 
are being evaluated


•



• Understand the background is the top priority 
by comparing data with and without absorbers 


• Charged particles: electrons and muons are distinguishable


• Charged pions are not expected to come


• Gamma rays: install the absorbers and check the incident direction


• Low energy (~ 10 MeV) neutrons: will likely convert to gamma rays with absorbers


• Scattering from the wall side may be observed, even without absorbers


• High energy neutrons: difficult to identify 


• Placing silicon layers behind lead-glass detectors might help identify them 17

Plan for Understanding Backgrounds

Beam



Conclusions
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• EBES experiment is beam dump experiment searching ALP at KEK LINAC SY3


• The first physics run with the phase 1 setup was conducted 
from October to November 2025


• A method to suppress high-energy background using the Linac loss monitor and 
BPM has been established


• Background distributions have been derived from control samples


• Limits will be set using simulation studies in the future


• The segmented structure of the calorimeter, unlike in the pilot run, 
will also be utilized


• (シリコンにフォーカスして書き直す)


