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Beam Background at SuperKEKB
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• Major BG sources
• Single-beam: Touschek, Beam–gas scattering, SR, Injection background
• Luminosity-related: Radiative Bhabha, two-photon process

• BG impact
• Increased detector occupancy and hit rates
• Radiation damage from accumulated dose and sudden beam losses
• Reduced data-taking efficiency due to injection vetoes
• Limits on achievable beam currents and luminosity

• Countermeasures
• Movable collimators: intercept stray beam particles before they reach IR, protect 

Belle II against sever beam loss. Need to avoid damaging collimators in case of SBLs.
• IR shielding: absorb secondary shows before they reach Belle II sensor components
• Vacuum baking: gradually reduce Beam-gas BG
• Injection optimization: improve injection efficiency to reach higher currents, 

suppress injection BG and DAQ deadtime, allow tighter collimator settings to further 
reduce storage BG

Quick recap of 



2026ab Beam BG status

• Both storage and injection BG increased as 
beam currents increased in 2026ab.

• Injection BG fluctuated significantly, 
occasionally exceeding storage BG.

• BG rates were mostly within detector limits, but 
CDC inner-layer BG limit constrained beam 
currents in late 2026ab.

• DAQ deadtime dominated by injection veto, 
reaching ~10%, causing sizable loss of 
integrated luminosity 

• Key priority: reduce injection BG and 
maintain good conditions for longer periods.

• Note: better injection performance can reduce injection 
BG and also enable tighter collimator settings to 
suppress storage BG further
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DAQ deadtime fraction
(orange: from injection veto)



Belle II CDC: 2026 situation and 2027 plans

• Belle II CDC imposes the most stringent BG limit

• Malter effect triggered by high instantaneous BG could cause 
serous irreversible wire aging

• In March 2026, the HV/gain of the inner CDC layers reduced to 
increase BG tolerance

• In late 2026ab, CDC BG had reached its threshold as beam 
currents increased, limiting further increases in operating 
beam currents

• Toward 2027ab, we plan to adjust HV current-limiter thresholds 
for the inner layers to suppress injection BG spikes and further 
increase BG tolerance (maybe not from the very beginning)

• Tracking performance may degrade due to increased wire hit 
rate, potentially reducing effective luminosity available for 
analysis, even before the Malter-effect limit is reached.

• The detailed evaluation of this impact is currently ongoing.

• Other issues should also be addressed
• Gas gain reduction due to contaminants, DAQ instabilities, 

electronics cross talk at higher rate, etc.. 
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CDC BG in May-June 2026
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CDC BG extrapolation 
toward 2027

Target for 2027
- beta*y =0.9mm, beta*x=55mm (same as 2026)
- ILER = 2.6A, IHER=2.0A (5.2A^2), Nb~2500
- L~1E+35

Malter effect:
• HV configuration changes for 2027, including current limiters on 

inner layers, are expected to relax the Malter effect, while a careful 
check for possible impact on tracking performance is required. 

• Thank to HV changes, simple (I^2) extrapolation suggests that CDC 
leak currents can remain within the limit, provided that injection BG 
are kept under control.

• Operational caution: The HV changes will be introduced only after 
careful evaluation with beam in early 2027, not from the very 
beginning. Until then, the Malter effect limit will still remains an 
important operational constraint.

Tracking performance
• Some degradation in tracking performance is expected in 2027, even 

before the Malter effect limit is reached. Detailed evaluation is ongoing.
• While not expected to immediately constrain beam operation, this 

could reduce the effective luminosity available for physics analysis.
• Improved injection performance could help mitigate this impact:

• Injection BG is reduced by injection veto, although residual spikes may 
persist beyond the veto window and affect tracking performance.

• Improving injection efficiency could allow tighter collimator settings to 
suppress storage BG further.

5.2A^2
5.2A^2

Achieve and maintain a good injection condition is a key challenge for 2027ab operation. 
Close collaboration among LINAC/BT/Belle II team is crucial.

Simple linear 
extrapolation based 
on beam current 
product

Simple linear 
extrapolation based on 
beam current product

Malter effect limit on CDC leak 
current can be relaxed further by 
HV configuration changes for 2027

Limit in 2026 
(and early 2027 
before HV change)
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How about other subdetectors? G. Rizzo



BG Prospect for Pre-LS2 
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Machine Parameters for Pre-LS2 (assumed in CDR)
- beta*y =0.6mm, beta*x=100mm
- ILER = 2.52A, IHER=1.82A (4.6A^2), Nb=1576 
- L~2.8E+35

• After squeezing beta*y to 0.6mm, IR loss mitigation 
by collimators becomes more challenging

• Reduced IR aperture requires tighter collimators, 
while TMCI limit does not allow too tight settings 

• Linear extrapolation based on beam current product 
may underestimate pre-LS2 BG → SAD simulation!

• Actual collimator settings are subject to operational 
constraints which results in higher storage BG 

• Constraints such as poor injection efficiency, SBL risk, 
or other factors may require wider collimators. This 
uncertainties on storage BG shown separately in the 
plots as “Ideal” – “Mid- “Conservative” for storage BG

• Large uncertainty on injection BG for pre-LS2, not 
simulated yet

• The plot only include rough estimates, assuming x1, 
x2 … of storage BG. The sensitivity to injection BG 
differs among subdetectors, but the same factor is 
assumed here.

• Detector limits 
• Showing instantaneous, performance driven limits
• ECL/SVD/CDC limits could be relaxed further with 

future software improvements
• Applying a full injection BG veto for a few msec 

would relax the limit, at the price of a reduced data 
taking efficiency 

• Injection improvement is crucial for reaching target 
currents for pre-LS2, requiring close collaboration with 
SKB & Belle II.

There numbers will be updated following 
ongoing discussion on operation plan.

Pre-LS2

Qingyuan Liu, Bogdan Kutsenko



Injection improvement efforts
• Plans for 2027 operation:

• Electron RF gun replacement for better emittance and more 
charge 

• Improve performance of 2-bunch injection mode 
• Auto-tuning/feedback systems for emittance and beam orbit, 

• Beam control using fast kickers

• Update of beam diagnostic system, etc..

• Chamber replacement at LER injection point for 
improvement in injection efficiency

• Other recent initiatives
• Time-resolved injection loss information: CLAWS loss monitor 

waveforms provide unique timing/frequency information to 
support effective injection tuning

• Injection background simulation: Simulation studies using 
SAD/Xsuite are ongoing to understand injection loss mechanism 
and suggest effective tuning procedures

• BT collimator optimization: Cut beam tails to improve injection 
bunch quality delivered to MR. Team is being formed including 
contribution from Belle II members. Dedicated machine studies 
are planned in early 2027. 
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Cutting the horizontal
emittanceCutting the vertical

emittance

Cutting the beam energy

Kicker
電源に
近い。

E4E5

VE1VE2

E1

VE0

BTe collimators

LER chamber at injection point



SBL precursor signals
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Turning PXD ON would be possible: 
I. if sufficient suppression of SBL under high current is confirmed 
OR 
II. when reliable SBL precursor signals are available together with the PXD fast shutdown reliably in place

- Precursor signals could also be used to trigger an earlier beam abort to mitigate SBL damage,
- But the fake rate requirement is more stringent for beam-abort triggers than for PXD shutdown.
- For HER SBLs, enabling the HER D8 abort master will make abort faster and help mitigate damage



SBL precursor signal candidates:
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c) BORs (Bunch Oscillation Recorder)

Beam-orbit instability earlier than 
SBL beam loss could be a promising 
candidate as SBL precursor

Quantitative study on offline data 
using ML is performed intensively.

Multi-BOR system based on 
IDROGEN+VERSAL board is under 
development

b) Beam size monitors
Fast beam size blowup observed 
much earlier than SBL beam loss 
could also be a good candidate

SiXRM demonstrates capability of 
bunch-by-bunch beam size 
measurement

Realtime triggering requires online 
software implementation on FPGA

a) Loss Monitors
Combining multiple Loss Monitor 
(CLAWS) waveforms could find 
anomaly prior to SBL beam loss

Readout board (RedPitaya) to issue 
the trigger has been developed and 
will be ready for next run

Anomaly finding algorithms on FPGA 
should be optimized to reduce fake 
trigger rate

Beam size monitor 
(HER, Xray)

-10 turns

BOR

SBL TF ongoing efforts

Precursor signal which arrives -18us earlier than beam loss can safely shutdown PXD HV.

Details in backup (p.38-39) Details in backup (p.40-43) Details in backup (p.44)



Prospects for SBL precursor candidates
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SBL precursor candidates

a) Loss Monitors b) Fast beam size monitor c) BORs

SBL precursor 
detection 
efficiency
(-18us before loss)

• ~10% triggering efficiency 
with single CLAWS waveform

• Advanced algorithm and 
combined waveforms from 
multiple loss monitors could 
improve efficiency 

• Not yet been quantitatively 
evaluated due to limited 
measurement statistics.

• Limited bunch coverage with 
existing beam size monitors

• ~40% triggering efficiency 
demonstrated in ML-based offline 
analysis (preliminary)

• Combining more BORs could 
improve efficiency with acceptable 
fake rates

Hardware 
readiness

• Loss monitors have been  
installed and operating 
successfully 

• New readout board to be 
installed in E-hut

• SiXRM with RFSoC-readout to be 
tested on HER X-ray beam line

• Beam-size reconstruction and 
anomaly detection to be 
implemented on FPGA

• Multi-BOR system based on  
IDROGEN modules + Versal board 
to be developed

• PCIe readout and firmware 
integration in progress

Implementation
Timeline

• Integration with PXD HV 
system technically feasible 
for 2027 runs

• Further algorithm optimization 
is needed to balance detection 
efficiency and fake rate

• SiXRM shadow-mode operation 
planned for 2027 runs

• If successful, integration with 
PXD HV system and/or abort 
system during 2027 runs

• Commissioning with single-BOR 
planned for 2027 runs

• Further development needed 
before multi-BOR online triggering 
can be deployed

Close to operational, but
detection efficiency still 
needs improvement 

Validation tests before 
integration with PXD 
and/or abort system

Commissioning with 
single-BOR

Details in backup slides



Summary

• Beam background limits operating beam currents 
• Further increases in beam currents were constrained by the Belle II beam background upper 

limits in late 2026

• Belle II CDC is the most critical detector constraint
• To mitigate Malter-effect risks and increase BG tolerance, further CDC HV configuration 

adjustments are being prepared for 2027, 
• Degradation in tracking performance caused by high occupancy due to BG hits may impose an 

additional operation limit, even before Malter-effect limit is reached

• Injection performance improvements are essential for 2027.
• To reach the target beam currents and L= 1E+35, reduction of injection BG spikes and 

improvements of injection efficiency are required.

• SBL precursor signal for PXD HV shutdown: investigation ongoing
• Required for safely turning on PXD again 

• Accelerator–detector collaboration is further strengthened.
• Close coordination among both teams is a key to maximize luminosity while maintaining stable 

operation.
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backup
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Response to the last KEKB review (2025 Feb)
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Recommendations in the MDI section

SBL diagnosis using various sensors shows a good progress. Fast 
beam size monitors sees blowup on some SBLs, and novel Bunch-by-
bunch SiXRM will be installed. BOR phase analysis indicates SBL 
origin locations which matches the oscillation pattern. Details in SBL 
talk by Kenta Uno.

LINAC/BT Efforts to improve injection performance are ongoing, 
including replacement of electron RF gun, 2-bunch injection mode 
improvements LER chamber replacement at the injection point, etc.  

First trial to utilize BT collimators to suppress injection beam tails are 
planned in early 2027, with contributions from Belle II team.

The Belle II MDI team has been and will continue to provide useful 
insights to the accelerator team, through loss monitors installed by 
the Belle II team, detailed analyses of SuperKEKB sensor data, and 
other activities.

ML/AI activities are now in full swing. For example, Bayesian 
optimization for beam collision tuning is being extensively tested in 
2026. Big-data analysis of SuperKEKB EPICS PVs has revealed a 
correlation between luminosity fluctuations and the temperature in 
the DAQ room, particularly around the feedback modules. Details in 
ML/AI talk by Taichiro Koga.



MDI subgroup

Simulation and Modeling

Leaders:
John Patrick Salvesen, Giacomo Broggi

Regular meetings: indico (monthly)

Recent summary report at MDI
• link to Jack’s presentation on May 28th

Ongoing activities
• Xsuite: accelerator simulation framework developed 

at CERN, capable of various topics 
- beam background prediction, IP feedback, optics study, 

beam-based alignment, beam-beam simulation, etc..

• Implement SKB MR + LINAC/BT elements in Xsuite

• Beam background simulation for 
storage/injection

• Benchmarking Xsuite prediction against SAD 
simulation and machine study results 

• Modelling luminosity performance with different 
beam conditions

• etc..

Open tasks

• Xsuite activity officially approved as an MDI 
subgroup → ready to host Belle II students and 
postdocs for qualification-task projects

• A Belle II Msc student (Nemoto-san) will visit 
CERN this summer to receive training from Xsuite 
team on injection BKG simulation

• Wide variety of further collaboration possibilities 
through already established strong links with:

• Belle II Beam Background Group
• SuperKEKB Optics Group
• SuperKEKB Beam-Beam TF 
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mailto:john.salvesen@cern.ch
mailto:giacomo.broggi@cern.ch
https://indico.belle2.org/category/258/
https://kds.kek.jp/event/59804/#4-new-mdi-subgroup-accelerator
https://kds.kek.jp/event/59804/#4-new-mdi-subgroup-accelerator


Recent Highlights from Xsuite simulations
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• Beam dynamic studies in LINAC/BT
• A. Polo

• BT Emittance Growth 
• T. Mori (KEKB)

• Beam Injection Loss Frequency
• T. Nemoto 

• Synchrotron radiation studies
• G. Nigrelli, G. Broggi

• Beam-Beam Simulations
• H. Sugimoto (KEKB)

• SAD2XS conversion
• J. Salvesen

• etc… 

Strong and productive collaborations are growing between the Xsuite and SuperKEKB team!

Initiatives within the Belle II MDI group, led by J. Salvesen and G. Broggi



Belle II backgrounds
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Post-LS2 Beam Background 



BG Prospect for Post-LS2 
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Machine Parameters for Post-LS2(assumed in CDR)
- beta*y=0.27/0.30mm(LER/HER), beta*x=32/35mm
- ILER = 2.8A, IHER=2.0A (5.6A^2), Nb=1761 
- L~6E+35

Post-LS2 machine parameters are still not frozen, 
making background prediction very uncertain

Post-LS2

(machine parameters not frozen)

We need to define machine configuration asap, to understand future BG constraints on detectors design! 

Bogdan Kutsenko

• Left plots: SAD simulation of storage BGs using the 
latest post-LS2 SuperKEKB optics

• BG collimation becomes even more challenging 
with further squeezed beta*y

• Only a few vertical collimators can be closed 
due to TMCI limits at beta*y~0.3mm

• Actual collimator settings are subject to operational 
constraints which results in higher storage BG 

• Constraints such as poor injection efficiency, SBL 
risk, or other factors may require wider collimators. 
This uncertainties on storage BG shown 
separately in the plots as “Ideal” – “Mid-
“Conservative” for storage BG

• Large uncertainty on injection BG, not simulated yet 
• The plot only include rough estimates, assuming x1, 

x2 … of storage BG. The sensitivity to injection BG 
differs among subdetectors, but the same factor is 
assumed here. 

• SR impact is also under careful study
• Significant impact on the ongoing effort of 

post-LS2 IR beam pipe design

• Detector limits for upgraded detectors still need to be 
carefully evaluated

• Further improvements in the limit could be 
partly possible in an early stage of the design



SBL precursor signals
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a) Loss Monitors as SBL precursor?
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• Using a single CLAWS sensors at IR,  we can issue a trigger at -18us for 10% of SBLs 
(with fake trigger rate of <0.1mHz = several times per day) 

• Lowering the threshold can trigger more SBL events but increases fake trigger rate. 

• Using multiple CLAWS sensors may allow earlier triggering of SBLs with much reduced fake 
rate

MDI report by K. Uno MDI report by D. Ghosh

SBL precursor candidates

https://kds.kek.jp/event/60798/#1-superkekb-commissioning-task
https://kds.kek.jp/event/59802/#1-ir-claws-signal-as-sbl-precu
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• Readout board is prepared to combine multiple waveforms and issue a trigger
• Need to optimize anomaly-finding thresholds to minimize fake trigger rate  

MDI report by K. Uno 

https://kds.kek.jp/event/60798/#1-superkekb-commissioning-task


b) Beam size blowup as SBL precursor?
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Beam size by CMOS camera 
(HER, Xray)

-10 turns

• In some SBL events, beam-size blow-up appears 
to start much earlier than the beam loss. 
Observed for both LER and HER.

• Measurement available for limited bunches

• SuperKEKB beam size monitors: CMOS 
camera/gate-camera/Si-sensor on visible/X-ray 
beam lines for LER/HER

• Fast beam size measurement based on SiXRM
(see next page) could be a promising candidate 
of SBL precursor signal.

• Remaining questions
• Is beam-size blow-up significantly correlated with 

SBLs across events?
• What are the achievable detection efficiency and 

warning time?

BOR (Fuji upstream, horizontal)

BOR (Fuji downstream, horizontal)

BOR (Fuji upstream, vertical)

BOR (Fuji downstream, vertical)

SBL precursor candidates
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G. Mituska’s report at the SBL TF meeting on Sep. 28



Fast Beam Size monitor (SiXRM)
Riku Nomaru, Bela Urbschat, Cody Driver, Gaku Mitsuka, 
Matt Andrew, Keisuke Yoshihara

MDI report by K. Yoshihara

Motivation
• Bunch-by-bunch beam size measurement is 

critical for understanding SBL mechanism.
• In some SBL events, beam-size blow-up 

appears to start much earlier than beam 
oscillation seen in BOR. 

• Fast beam size measurement could be a  
candidate of SBL precursor signal required for 
turning PXD back on.

Current SiXRM setup and its readout

Successful bunch-by-bunch beam size measurement

Consistent with 
turn-by-turn 
measurement by 
CMOS sensor 

RFSoC-based readout and NN-based beam-size 
estimation on FPGA are getting ready

SiXRM paper on arxiv

SBL precursor candidates
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Riku Nomaru

Yoshihara

K.Yoshihara

turns

SiXRM employs Belle II TOP boardstack to enable  
bunch-by-bunch measurement

https://kds.kek.jp/event/59806/contributions/321072/attachments/202875/280406/XRM_MDI_20260625.pdf
https://arxiv.org/abs/2607.08205
https://arxiv.org/abs/2607.08205


SiXRM: toward real-time SBL precursor detection

Silicon-strip X-ray beam size monitor, HER X-ray line — Univ. of Hawaii / KEK

Readout upgrade: TOP boardstack (triggered) → AMD RFSoC ZCU216 (continuous)

Si strip sensor
X-ray profile

(coded aperture)

Amplifier
front end

RF-ADC
16 ch (32 under study)

2.5 GSa/s, RF-locked

FPGA
baseline & gain

correction → NN

Beam size / 

bunch
→ DAQ

→ abort (future)

ZCU216 RFSoC

Online algorithm (UH, 2025 beam data)

• Small neural network (hls4ml, quantized) estimates σy 

from the 16-strip profile; 16 vs 32 channels being 

compared

• FPGA-friendly baseline correction reproduces the 

offline analysis within a few µm

• Pseudo-data generator from 2025 data for training 

and firmware tests

Plan

Oct 2026  RFSoC readout test at KEK, then sensor + 

amplifier test

2027ab  "Shadow mode": continuous monitoring, not 

connected to abort; study σy around SBL events

Later  Set threshold from shadow-mode data, connect 

to abort system

Bunch-by-bunch σy with the present readout agrees with the CMOS monitor, precision < 6.4 µm (arXiv:2607.08205)

K. Yoshihara



c) BOR waveforms
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SBL precursor candidates

• Offline analysis on 209 SBLs in 2024
• Various anomaly-detection methods are compared
• 71–90% can be flagged ≥10 µs before loss, depending on the 

method. Up to 36% have a ≥28 µs warning margin in the 
preliminary study.

• Fake rate looks acceptable but should be further checked by 
taking random-trigger data

• Paper draft on  arxiv

• Install multiple BORs and synchronizeed readout
to conduct online analysis for anomaly triggering

• Hardware R&D for IDROGEN modules and 
Versal Board is  currently ongoing

MDI report by H. Haigh, P.Horak K. Yoshihara

https://arxiv.org/abs/2610.17241
https://kds.kek.jp/event/60796/#1-anomaly-detection-in-bunch-o


BT collimator study
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Injection improvement with BT collimators

• Closing BT collimators could improve injection beam quality
• 6 collimators in electron line, 7 collimators in positron line

• Dedicated study planned for 2027 runs
• Jan: BT collimator width vs. local beam loss at the collimators
• After MR start: BT collimator width vs. various injection BG variables (efficiency, loss, 

duration, frequency, etc)

• Limitation: radiation dose on the kicker PS should be kept in acceptable level
• Dedicated sensors for dose monitoring will be be installed (neutron/gamma)

• Team building:
• SKB Beam injection TF (management)
• SKB BT group (conduct machine study, hardware preparation)
• Belle II loss monitor group (conduct machine study, sensor preparation)
• Xsuite group (beam line simulation)
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Cutting the horizontal
emittance

Cutting the vertical
emittance

Cutting the beam energy

Cutting the beam energy
before ECS (from 2026 summer)

Kicker
電源に
近い。

P4P5 P6P7

VP1 VP2 VP3

Cutting the horizontal
emittance

Cutting the vertical
emittance

Cutting the beam energy

Kicker
電源に
近い。

E4E5

VE1VE2

E1

VE0

Collimator BTe BPM

E1 BTeBPM:QXF1E_M_1:XPOS_1Hz

E4 BTeBPM:QMF2E_1M_1:XPOS_1Hz

E5 BTeBPM:QMF2E_2M_1:XPOS_1Hz

VE0 BTeBPM:QMD1E_3M_1:YPOS_1Hz

VE1 BTeBPM:QMD4E_M_1:YPOS_1Hz

VE2 BTeBPM:QMD8E_M_1:YPOS_1Hz

Collimator BTp BPM

P4 BTpBPM:QMF1P_2K_1:XPOS_1Hz

P5 BTpBPM:QMF1P_3K_1:XPOS_1Hz

P6 BTpBPM:QMF8P_K_1:XPOS_1Hz

P7 BTpBPM:QMF10P_K_1:XPOS_1Hz

VP1 BTpBPM:QMD3P_K_1:YPOS_1Hz

VP2 BTpBPM:QMD5P_K_1:YPOS_1Hz

VP3 BTpBPM:QMD13P_KL_1:YPOS_1Hz

BT collimators

e-

e+
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