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Quick recap of

Beam Background at SuperKEKB

« 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 Il against sever beam loss. Need to avoid damaging collimators in case of SBLs.
IR shielding: absorb secondary shows before they reach Belle || 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 ,



2020ab 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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What were the main sources of the background?

® Summary for high beam currents with injection: Injection BG > LER > others
» BG spikes during injection:
» ECL injection-induced hit rates can be > 10 x higher than storage rates
> CDC injection BG can exceed storage BG
* The averaged BG over the run:
> CDC storage BG (dominated by LER beam-gas) > injection BG
B BG Decomposition (BGNet and ECL online) using data at LER/HER=1000/800 mA

http://kekb-co-web.kek.jp/doc/Image/BELLE/beambg_summa ry/bg_runs_ana.htmi (access via KEK VPN)
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Belle || CDC: 2026 situation and 2027 plans

Belle Il CDC imposes the most stringent BG limit
Malter effect triggered by high instantaneous BG could cause

CDC BG in May-June 2026

serous irreversible wire aging % Current Average for all layers (2026b)
* In March 2026, the HV/gain of the inner CDC layers reduced to : 2026b
increase BG tolerance 301 after the power outage

« 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 imner 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.
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« The detailed evaluation of this impact is currently ongoing. 561
Other issues should also be addressed . | | | | | |
« Gas gain reduction due to contaminants, DAQ instabilities, °0 °2 e * >0

electronics cross talk at higher rate, etc..



CDC BG extrapolation
toward 2027
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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.

Target for 2027

- beta*y =0.9mm, beta*x=55mm (same as 2026)
I er = 2.6A, I4n=2.0A (5.2A%2), Nb~2500

- L~1E+35

CDC rate - 2026
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Trackmg 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.

Achieve and maintain a good injection condition is a key challenge for 2027ab operation. 5
Close collaboration among LINAC/BT/Belle Il team is crucial.



How about other subdetectors? .
Background vs detector limits: near term extrapolation
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5G Prospect for Pre-LL.S7

B Luminosity BG I Touschek LER [l Beam-gas LER
-, Touschek HER [/7] Beam-gas HER

Pre-LS2
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Machine Parameters for Pre-LS2 (assumed in CDR)
- beta*y =0.6mm, beta*x=100mm

“lier = 2.52A, ler=1.82A (4.6A"2), Nb=1576

- L~2.8E+35

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

not averaged

~ * 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 “ldeal” — “Mid- “Conservative” for storage BG
« Large uncertainty on injection BG for pre-LS2, not
simulated yet
e 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 Il.
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Injection improvement eftorts

« Plans for 2027 operation: LER chamber at injection point

. Erl]ectron 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

e Other recent initiatives BTe collimators ¢, e horisonta

- Time-resolved injection loss information: CLAWS loss monitor utting the heam enerwittf,@amngthe vertica
waveforms provide unique timing/frequency information to g oE= /C Electrom@T Line | opliime
support effective injection tuning e VANV NES T TN NS
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 Injection background simulation: Simulation studies using ek AR RN i
SAD/Xsuite are ongoing to understand injection loss mechanism oy rrre e by e
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« BT collimator optimization: Cut beam tails to improve injection VEVEVEZ)]
bunch quality delivered to MR. Team is being formed including s Le s gy e w vl
contribution from Belle || members. Dedicated machine studies mﬂrﬂﬂnﬁi=|Hv&HﬂhuHWﬂ%ﬁ%ﬁ%ﬂﬂmqﬂq%lﬂuﬂmlmﬂmk%%nﬁm&rr Kicker
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SBL precursor signals

Turning PXD ON would be possible:

. if sufficient suppression of SBL under high current is confirmed

OR

Il. 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:

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

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

Advanced abort system w/ multiple LMs

Picoscope 1 Picoscope per 1 abort source
_—

@ Board with Zynq

| R Wa i
1 B wum ! |
: L

~SiPM (WPPC) 0

Board with Zynq

+ Algorithms using multiple CLAWS signals is possible =
+ Online monitor to evaluate fake-rate is possible

- Various algorithms can be implemented on the FPGA

Redpitaya

Details in backup (p.38-39)

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

C) BO RS (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
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Details in backup slides

Prospects for SBL precursor candidates
I T T S

SBL precursor
detection
efficiency

(-18us before loss)

Hardware
readiness

Implementation
Timeline

~10% triggering efficiency
with single CLAWS waveform
Advanced algorithm and
combined waveforms from
multiple loss monitors could
improve efficiency

Loss monitors have been
installed and operating
successfully

New readout board to be
installed in E-hut

Integration with PXD HV
system technically feasible
for 2027 runs

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

Close to operational, but
detection efficiency still
needs improvement

Not yet been quantitatively
evaluated due to limited
measurement statistics.
Limited bunch coverage with
existing beam size monitors

SiXRM with RFSoC-readout to be
tested on HER X-ray beam line
Beam-size reconstruction and
anomaly detection to be
implemented on FPGA

SiXRM shadow-mode operation
planned for 2027 runs

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

Validation tests before
integration with PXD
and/or abort system

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

Combining more BORs could
improve efficiency with acceptable
fake rates

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

PCle readout and firmware
integration in progress

Commissioning with single-BOR
planned for 2027 runs

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

Commissioning with

single-BOR o



Summary

Beam background limits operating beam currents

« Further increases in beam currents were constrained by the Belle || beam background upper
limits in late 2026

Belle Il 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-éffect 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.

. Closetgoordination among both teams is a key to maximize luminosity while maintaining stable
operation.

12



backup



Response to the last KEKB review (2025 Feb)

Recommendations in the MDI section

R16:1: Continue to improve, and devise new, diagnostics and detectors in the two main rings

(HER and LER) in the hunt for SBL sources.

&

R16.2: Continue to work with the LINAC team to improve injection capture efficiency. <—

R16.3: For backgrounds associated with long injection durations, it is essential to identify which
injected particles are lost in phase space and, if feasible, design specific collimators for the BT to «—

address this issue.

R16.4: The ARC recommends that the MDI group not only focuses on mitigating beam -—

background, but also provides potentially useful beam information to the accelerator team.

R16.5: The ARC suggests extending the machine learning (ML)-based injection tuning approach
by incorporating the objective of reducing detector backgrounds. This effort should involve
optimizing not only the linac and transport line, but also explore the inclusion of additional tuning \

knobs in the ring.

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 Il team.

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

ML/AIl 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.
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MDI subgroup

Simulation and Modeling

| eaders:

John Patrick Salvesen, Giacomo Broggi

Regular meetings: indico (monthly)

Recent summary report at VD]

e 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 Il students and
postdocs for qualification-task projects

A Belle Il 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 Il Beam Background Group

e SuperKEKB Optics Group

 SuperKEKB Beam-Beam TF

15
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Recent Highlights tTrom Xsuite simulations

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

DESY.

« Beam dynamic studies in LINAC/BT  Rreconstruction.

56 e

« A. Polo B SR from beam core

. BT Emittance Growth - [ St rech e Pl oot o e ey ks S ST,
« T. Mori (KEKB)

« Beam Injection Loss Frequency
« T.Nemoto

« Synchrotron radiation studies

Incident SR Power [W/m)
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« @G. Nigrelli, G. Broggi FFT Analysis of Injection Beam Loss isance o
b Bea m = Bea m SI m u I atl 0 n S » From FFT for Injection beam loss after 1ms, some m”’" ||| | Com par|son with Measurements in 2026b

| peaks are observed that match the calculation

« H. Sugimoto (KEKB)
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- The actual lattice and wakefields are included; lattice errors are excluded. Wx and Wy are scaled to match
the measured tune shifts.

- No sudden luminosity drop is observed in either the 393-bunch data or the simulation.

- In the 2026-bunch data, luminosity drops sharply above I°b I'b = 0.4 mA”,

- Total-current-dependent effects, such as beam-line deformation and resistive-wall wakefields, may limit
piomance: Specific Luminosity
Simulation Parameters

P
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Strong and productive collaborations are growing between the Xsuite and SuperKEKB team! 16
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Strategy for PXD, CDC, TOP
hear & mid term operation

more details about TOP and CDC will be given in next talks

25/10/2026 G. Rizzo



St rategy to tu rn PXD ON PXD FastShutdown irradiation test @MAMI

80

PXD is kept OFF to prevent damage from high BG spikes from SBL & Total shots %

70 { HEE Shots with damage
Bl Under investigation

New fast PXD PS shutdown developed to bring it quickly in safe state
* Firsttests in Bonn: realistic set up + two real modules :11k + 2K fast shutdown w/o any damage

* Finaltest with beams, high intensity fast irradiation in MAMI: confirmed fast shutdown safe, no
damage to PXD modules, if shutdown signal arrived at PXD PS ~18 us before radiation spike

- in Belle ll: need SBL precursor signals arriving at PXD PS ~ 18 us earlier than radiation at the IP!

60 -

- W
o o

w
o

Number of shots

PXD PS shutdown installed in Belle Il in June 2026: some unexpected observations (next slide)

= -25us

N
o

[
o

For full protection of the PXD against SBL, needs two conditions: 1

1. fasthardware shutdown systemin place - - o > . -
AND Time delay [us] 6
2. reliable precursor signals of SBL arriving 18us before a high-radiation event at the IP

At present, the PXD cannot be fully protected: still no reliable precursor signals avalailable (under development, MDI’s talk)

o

If full protection not ready, turning PXD ON can only be considered under reasonably low-risk conditions:
* Need a period of stable machine operation (2-3 months), with high-current operation & w/o SBL with large loss at the IP

So far in 2026 such stable operation has not yet been achieved

Turning PXD ON would be possible:
l. if sufficient suppression of SBL under high current is confirmed (see MDI’s talk on SBL mitigation perspectives)
OR
Il. when reliable precursor sighals are available (MDI’s talk) together with the PXD fast shutdown reliably in place

Different approaches, with higher risk of damaging PXD, could be considered in case | orll are not available
25/10/2026 G. Rizzo 10



PXD fast shutdown installed in KEK

New front PCB of PXD power supply produced and tested in Bonn

High Clear ON currenton L1 BWD module after 10th
fastshutdown > damaged by the 10th trial

-
-~
~
-~ ~ Normal powercycles
kY

2 34567 8910

{lis
AL

Additional modification of the power supply in KEK:

* reduced the PSreactiontime by 2.7us > precursor signal required ~ 15 us
before radiation spike atIP

—

40
| '
1

Power Supply in KEK modified with new fast shutdown PCB & tested

o

onCURR:cur [mA]

Fast shutdown tested with full PXD system:
» fastshutdown triggered 10 times on 29 modules with interlock signal
* 9iterations w/o any issue

20
| P

.

PXDP1012 clear-oft . CURR cur [mA
30 20 -10 0 10 20 3 4 S0 80 70 80

PXD:P1012:clear-
40 4

« after 10" iteration one module increased current -> damaged switcher 3 . L
Damaged module is L1 BWD type o . 1t
* increase current & temperature in the damage switcher T N .S
* -2 higher noise but the module can still provide good data - -
difference \
. \
Planned test to understand the issue and current status )
/

* No specific fast shutdown tests done on this module type in Bonn
* 11k + 2K fast shutdown w/o any damage on 2 other module types

— 50

* perform more shutdown tests on this module type in Bonn in next weeks

* PS connected to damaged modules also transported to Bonn for further tests

* Investigate more in details past history of this damaged module & MAMI data

100 200
v

25/10/2026 G. Rizzo




Pest attachedVWires (Dacspiate view) 1x10%

8 2‘ 1000 ' 1
C D C reca p 5 S w60 } L=1x1035cm 25’1 expects
= 20240 0ct | HER*LER of 4.74 [A?]
C 800:2024b : ;
Main issues: L 700 :
5 Malter !
* Malter effect: can be triggered by high - Current blow-up .} %o
“instantaneous” BG, accumulated charge = W appeared !
from positive ions on cathode wire, after O 400 :
insulator deposit, cause e- emission = very - "
seriousirreversible aging e | oo
- seen in L0-1-2 in 2024c turned OFF % of L0-1-2 - j b 1S
- want to keep CDC current below 20nA/cm/wire B _ a0 O | PN LY O P
(~300 uA/layerin inner layers) 0 ! ® 3 4 8 6 7 8

Beam current product: HER*LER [A?]

. . Run Gain trend w.r.t run number
e Gas gain reduction due to gas —— -

contaminants, from avalanche, reversible & 12 NG HV 1 ¢ opsmiucaits « apsstecastodi - epsebututis o epilbucetts
reducible “aging” with higher fresh gas flow

»  exp3l-bucket39 *  exp3S5-bucketd? exp39b-bucketd5 «  expd2-bucketds
4
* DAQ instabilities: FE boards with unstable
links, several are OFF in some runs

11 - y
Fresh gas Low HV

800 cc/min " g Freshgas

10 { 400 cc/min

rg constants

* Performance degradation with high rate
from BG & electronics cross talk

* Gas gain reduction from long term aging,
from accumulated charge on sense wire

25/10/2026



CDC operation strategy in near/mid term

Mitigation: of Malter effect, gas gain reduction from contaminants, cross talk & high
BG, DAQ errors & continue aging studies

* Gas system improvements in 2025¢/2026: stably higher 02 and H20 content to prevent Malter & increased
fresh gas flow rate to reduce contaminant and keep stable gain

* In 2026 fres gas flow increased x4, with clear beneficial effects, then was reduced (low availability of highly pure He).
* In2027 could probably increase it again up to x10 (TBC) & explore additional filters for contaminants, for future runs

* Malter effect mitigation: lower HV in inner layers to reduce current & explore more additives

* 2026: inner layers (SL0-1) set to lower HV/gain (50% current) to mitigate risks of Malter & reduce aging in long term:
trigger, tracking and dE/dX calib adjusted to partially recover performance. No dramatic effects so far, see performance’s talk

* 2027: explore further HV/gain reduction in SL0-1, static or dynamic, or even to operate w/o SLO-1, for safe operation with
higher BG. Now prepare (HW & SW)

* Additives plan: increase O2in 2027, study alcohol effects in test chamber to possibly deploy itin future runs
* Mitigation of performance degradation due to cross-talk & high BG 200 CDC accumulated charge up to 2026b

* FE electronics upgrade: prototypes effective to suppress present FE cross-talk
Tests are ongoing = earliest possible installation in 2028

* Improve software robustness against background for future releases (GNN ?)
* FE instabilities mitigation: related to low PS voltage, evaluate other PS boards

* Continue aging tests to understand impact in future operation:
* reached 1 C/cm @Tohoku Univ. test: no significant gain degradation seen

* So far no evidence of larger gain loss w.r.t Belle aging test results: 6%/C/cm 0 - o - " = 4
25/10/2026 G. Rizzo 13
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CDC FE Upgrade: Path Towards a 2028 Installation

Validation (2026 - Early 2027)
* New ASIC demonstrates ~10x reduction of dominant analog crosstalk \

* Complete validation of: Installation: 2028 shutdown
» digital crosstalk /multiple-hit effect (newly observed) to be cured with new
ASICS settings w/o chip redesign * ~9-10 months (TBC)
* Analog cross talk with new ASICS settings

: ) ] , * CDC new FE installation with new
* tracking performance with nominal HV & low HV (outer/inner layers) cooling & new low voltage PS

* Labtests ongoing & new test beam planned in Nov/Dec 2026
* Milestone Jan 2027: internal CDC review on performance validation

> * TOP interventions

e VXD cable disconnection &

Production (2027) gallja(t:eFdEa/c_l’Eggy needed to access

* Finalize FEboard design

* Define FE cooling reinforcement* and new LV power supplies

* Complete second FE prototype & verification

* Launch FE board mass production

* Define QA and commissioning plan*

» CDCTRG preparation related to the CDC FE electronics upgrade*

* Milestone Sept 2027: productionreadiness & start FE mass production
* Milestone March 2028: FE mass production validated )

*Criticalities:
Eng. for cooling reinforcement evaluation not yet assigned/available
25/10/2026 Person power for QA & commissioning & CDCTRG preparation G. Rizzo

14



TOP PMTs recap

* In Run1: installed modules showed significant
lower PMTs lifetime than expected from lab test * : 3
Life Extended ALD Qlife> 13.6 C/cm

* Qlife gives 80% QE reduction
* During LS1: replaced most of the Conventional PMTs 8.7 g s

with new Life Extended ALD, and ALD relocated

* In Run2: significant QE relative loss, 30% in 25% of the PMTs, not due to aging & o
confirmed to be due to delamination (see Martin’s talk). It could extend up to 50% of
the PMTs. Could be fixed accessing the PMTs during a shutdown

Relative QE = 1-0.2x(Q/Qlife) 2

1.2

» After delamination effect is removed in Run2 data analysis, the QE loss has not the expected

quadratic decrease with accumulated charge? New effect present? TOP Martin’s talk + ghoine

MCP Type-wise Relative Efficiency Trends

Relative Efficiency

Run 2 data

Lab results i Run 1 data |
. . 7] ALD and life-extended ALD
Conventional Qlife =1.1 C/cm? ‘
Atomic Layer Deposition (ALD) Qlife =10 C/cm? 1.01 l
o - 2
T=1.1C/cm
.02; 0.9 (A = 40 nm)
E 0.8 1 b Average of
(] —e— Life-extended ALD T =0.3C/cm? Conventional
o \_(2 = 400 nm) P
in the test
. Minimum of
0.6 —e— Conventional Conventional
---- Expected QE in the test
0 ! } | AN
0.2 0.3 0.4 0.5
Accumulated output charge(C/cm?)
Dotted line : SLOT average
Solid line : Type average
Upper half: Sz wx

1 —— Life-extended ALD (after LS1)

——— Life-extended ALD
ALD

———  Conventional

0.8 \
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« PMT QE tests continue:

* investigate origin of larger degradation: combination of B-field +

&’|" ‘--:(7
Sl a Set1)
\ e /
§ 2 o ¢ <

D ,,4\ \\\ QP N *‘:’ P
> oV AN W WV GV 11077
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SN N\ » .1’\\’ .\9 \>‘ * s R2=20MQ

% ® R2 =22 MO(Low HV)

0s3 o ® A1 AR2lowHV

elative QE

efficiency

high temperature - to be completed in autumn LI * :

* improve lifetime with new HV divider optimization (keep gain n R
constant, but reduce 1s*MCP gain, reducing photocatode aging from S L 1
back scatteredions) = promising results, to be validated & tested : W W ® =

omlifeiExtended ALD PMTs (relevant in next years) G. Rizzo scOirulated charge

"% accessible in LS2

Before LS1 ...\
| —

" Lower half:

accessible in a
summer shutdown

H. Murakami

ssssss

Reduce HV
in 1*MCP

Increase HV
in 2¢ MCP



TOP PMT strategy

* With the current BG extrapolation rates (pre-LS2~7
MHz/PMT, post LS2 ~ 20 MHz/PMT) & the relative QE evolution:

* ALD will need to be replaced before LS2

* ALD lifetime in installed modules smallerthan in lab, from Run1
seems more similarto Conventional PMTs (blue in the plot)

* Life extended ALD could survive only a few years after LS2
with high BG level ~20 MHz/PMT, with still large uncertainty on

BG prediction

* New batch of Life extended PMTs, or even more resilient
technology, would be needed for post-LS2.

Strategy under discussion:

1. Fixthe delamination & install the new HV divider during access to
upgrade the CDC FE electronics, shutdown in 2028, need to

disconned VXD cables & remove Dock-box.

1.0

0.9

Relative QE

e
~

0.5

2. During the same shutdown replace ALD, the ones with low lifetime,

with new LifeExtended ALD

* Postponing after 2028 & before LS2 the replacement #2 of ALD, w.r.t

intervention #1, is not effective

* Labtestof dismounted PMTs in 2028 could help to understand
better the mechanism of additional QE degradation seen in Belle I

25/10/2026

ot
o

PMT relative QE projection

+— Conventional (Qlife=1,1 C/cm?)
ALD (Qlife=3 Cfem?)
ALD (Qlife=6 C/cm?)
—e— LE ALD installed in LS1
=a= |LE ALD replaced in 2028

—— Acc. Charge, 0.85x7

LE from 2028

BG
7 MHz/PMT

s/yr, pre-post LS2=7-20 MHz/PMT

- - : - - - - - - 0
2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042
Year
Topic What do we know? Open Questions Decision
deadline
Delamination | Confirmed, Which repair fix should be adopted? 2027
30% QE loss in PMTs affected.
Mow 25% of PMTs, could extend
to 50% of PMTs (shim applied)
HV divider Results encouraging Final validation 2027
Quantify impact on lifetime also for
LifeExtended PMTS
LE-ALD spares available optimal installation time 2027
replacement
for ALD

Post-LS2 BG | new estimate

Is 20 MHz/PMT rate sustainable from

Asap (before

20 MHz/PMT HW & Performance? BPAC)
2028 CDC FE & TOP interventions scope of intervention: 1.5 years
shutdown « CDCFE before the

should be combined. Both need
VXD cables disconnection and
Dock-box removal.

Previous experience suggests
shutdown ~ 6-8 months (TBC).

s HVdivider
« fix of the delamination
LE - ALD (bottom) replacement?

intervention +
beg of 2027 if
shutdown in

summer 2028

16
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Detector BG Inputs:
2026 data extrapolation & detector limits

(\d$
\groV
S 10 a\\bazce Vs
n a
o o BP ne L BG prediction
getec® pﬁo\”d_ ussion p
exts £ (9157 : .
eﬂ)d\,ew us® G. Rizzo, Oct, 24 - 2026 - BPAC preparation
n

Extrapolation of BG from 2026 data to 2027 conditions & comparison with detector limits

2. Comparisong of new pre-LS2 and post-LS2 BG simulation prediction with BG in 2026 data,
assuming a linear scaling with the product of beam currents

« Caveats:
future pressure will be lower than in 2026 data = linear extrapolation from data overstimate future BG

future By, will be lower = linear extrapolation from 2026 data underestimare future BG
Injection BG is not simulated, but estimated using re-scaled xN from storage component

24/10/2026 G. Rizzo



Background in 2026 run

More challenging operation conditions due
to higher beam currents & BG, with injection
spikes

In all systems linear correlation of BG
levels with beam current product

Quite large BG variations due to variable
machine conditions & injection BG
* Since 2026, many more BG related variables

included in Mirabelle: easier access to
monitor BG and correlation studes

In general we are operating below sub-
detector limits

« CDCinnerlayers exception: high current &
increased risks of Malter, very high BG
occupancy

* CDCinjBG is~ 50-80% of storage BG

» Triggerinjection veto needed frequent
optimizations & high injection BG caused large
deadtime

Injection BG mitigationis critical

24/10/2026

SVD L3 occupancy [%]

TOP PMT rate [MHz/PMT]

SVD occupancy - 2026 run
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ECL out of time crystals dbhabha
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Background vs detector limits: near term extrapolation

. m“‘\aw SVD occupancy - 2026
?‘e\‘ 8 SVD L3 - exp42
Detector T 71 P
instantaneous limits, z /> /0 Imit4.4-6% ,
performance driven, ﬁ 5 ,x' :
(ECL, CDC, SVD) 8 .
could be raised with m 5] include et
SWimprovements S, |NBG 7 I
* ECL,in 2027 BT~
* SVD(?) P L
* CDCin future 0 12 3 4 5 6
releases (GNN ?) Iun X e [A°]
TOP PMT rate - 2026
CDC limitis higher include . TOP PMT slotl exp42,”
. inj BG . TOP PMT slot10 exp%2
with reduced cross 20

talk = FE elec.
upgrade in 2028, still
impacton
performance limit to
be evaluated

TOP PMT rate [MHz/PMT]

Complete description of
detector limits, with recent
revision (both istantaneous &
aging related) in Katsuro’s talk
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CDC current - 2026
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outer layers will also
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HV/gain (reduced by
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Simple linear
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on product of beam
currents
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similarto 2026



Background vs detector limits: pre-LS2

Large uncertainty ¢
predictionfrom inj
contribution

Duration of largest
Injection BG spikes
confined to first 1-
from injection

In case large injec
is present can still
operate the detect:
applying a full inje
veto for a few ms,
price of a reduced
taking efficiency.
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Background vs detector limits: post-LS2
(machine parameters still not frozen)

Limits for upgraded detectors still need

B ARICH noise [ Touschek LER [l Coulomb LER [l Brem LER

to be carefully evaluated I Lumnosty 80 22 Puschk N (22 Couomo R 2 trm e

Inj spike: 600 MHz/cm2

Background prediction is very 0 N
uncertain with machine parameters —
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+ njection x2

total « 746 = 18

Conservative storage

3o by yecoon o8y
8 526+ 9

Idaal storage 0
* Injection x1 oeld M starage
total = 390 £ 9 ¢ e

39528

tdonl storage
1703

ideal  Injection
Injection scenarios

CDC Inner

ECL limit will

Consarvative storage
+ Injection x2

improve

with upgraded total = 4687 = 67
electronics,
2 Conservative stor,
but still to be ootz
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Background in 2026 vs hew pre LS2 BG prediction
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Background in 2026 vs hew post LS2 BG prediction

=1—-—0.9mmin 2026 data

* |nteresting to compare new post-LS2 prediction with BG ?‘e\
indata, using simple linear scaling with the product of
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New post LS2 BG prediction vs BG Overlay 2003

2 scenarios

ideal collimators & good injection

+»/ Preduced with a previous version of the

- 4 post-LS2 BG - will be redone
o tive with higher injecti o
\ Total Background: Ideal / Mid / Conservative Stora,‘ (SFx2) + Injection
Bl ARICH noise [l Touschek B Coulomb LER [l Brem LER Ideal storage single-beam BG [E5§ + Mid storage (incl. SFx2) + Injection x1 = 1 x Conservative storage Injection: single-beam BGO exp2003: production
Bl Luminosity BG [71 Touschek HE! @ Coulomb HER [Z7] Brem HER incl. safety factor x2 #24 + Conservative storage (incl. SFgp2) 2] + Injection x2 = 2 x Conservative storage only, no SFx2 = storage x1 + Injection x4
250 \\ V4
Conservative storage 120 Conservative storage Conservative storage 600 Conservative storage
\ + Injection x2 V4 1000 + injection x2 + injection x2
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storage = 37.9 - inyection = 518 storage « 526 - iyction = 460 storage = 112 - inyection = 248
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=0 A N storage = 10.4 « inyjecton = 254 BGO exp2003 storage ISR (single beam x1)
eal storage
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24/10/2026

G. Rizzo



SKB parameters used in BG simulation

Setup ( Pre-LS2 l__ Post-LS2 i
B; (LER/HER) [mm] = 0.6/0.6 = 0.27/03
B*(LER/HER) [mm] 60/60 32/25

L [x10%° cm—2%s71] | 28 I 6.0
I(LER/HER) [A] | 2.52/1.82 1 2.80/2.00

P.¢ (LER/HER) [nPa] | 48/17 52/18
ny, [bunches] | 1576 I 1761
e, (LER/HER) [nm] 4.6/4.5 3.2/4.6
e,/ex(LER/HER) [%] | 171 1 0.27/0.28

0,(LER/HER) [mm] | 8.27/7.60 | 8.25/7.58
CW . ON j OFF

N O Ey—

Setup Pre-LS2 ]Post-Lsz 1

G;(LER/HER) [mm] 0.6/0.6 | 0.27/0.3
3*(LER/HER) [mm] 60/60 32/25

L [x10%° cm—2%s71] 2.8 | 6.0
I(LER/HER) [A] 2.52/1.82 12.80/2.00 |
P.¢ (LER/HER) [nPa] 48/17 52/18

ny, [bunches] 1576 1761 :
e.(LER/HER) [nm] 46/45 | 32/46
e,/ex(LER/HER) [%] 171 lo.27/0.28 |
0,(LER/HER) [mm]  8.27/7.60 ]8.25/7.58 |
0% ON | OFF

02/10/26 G. Rizzo



Post-LS2 Beam Background
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SG Prospect for Post-L.S2

(machine parameters not frozen)

Post-LS2

ARICH noise [l Touschek LER [l Coulomb LER [l Brem LER
I Luminosity BG [7] Touschek HER [77] Coulomb HER [77 Brem HER

Inj spike: 600 MHz/cm2

incl. safety factor x2

250 /'
¥ Conservative storage 120 Conservative storage
P + injection x2 + Injection x2
’ total = 224.8 £ 6.6 total = 111.5 £ 3.3
VTX limits torage = 1168 - injection = 100.0 storage = $7.9 - Injection = 83
200 100
N\,
N, Conservative storage Conservative storage
N + Injection x1 + Injection x1
b S, mlal =170.8+4.4 ~ total = 84 7 * 2 2
E \4 arage = 1165  injection = 54.0 E 80 storage = 5 =268
;‘ 150 E
Z Avg 120: MHz/cm2 Conservative storage Z Conservative num
A ppwdctridsted oo et ol =JhRN B TR AB e MBMY” " " " 60 B - riven by injection efficienc
P Ideal storage 116.8 £ 2.2 - Ideal storage 99 579+ 1.1
g 100 + Injection x1 g + Injection x1
& total = 91.2 £ 2.3 Mid umgo £ total = 44.!
I tovage = 372 n effickency E Y i
njection = 54.0 810217
3 Ideal storage 20
. 37.2£0.6
0 0
Ideal  Injection Ideal  Injection
injection scenarios injection scenarios
VTX L1 VTX L2
14 1
Conservative storage : I Conservative storage
+ Injoction x2 H «  +Injection x2
30 total = 30.76 + 0.44 - total = 1.09 + 0.06
torage = 1648 + inje - 1424 4 storage = 0.70 - Injection = 0.39
ARICH limit: ! a
o onservative storage
E imite Conservative storage + injection x1
% TOP limit: + Injection x1 g1 16 MHz/HAPD total = 0.89 + 0.04
& Bandwidth wszrf?i“fq-zzu : it e
§ i iR 2 Conservative storage
&22- ~17 MHz/cm2 o8 aiven by injection effciency
8 esssssssesssessssssnnes t;..'.:r;.'-n g e z Rslsteinge 0.70 £ 0.02
[ ven Mickncy ¢ + Injection x1 Mm lluuw
o 15 ‘3 , o 15 H total = 0.64 + 0.02 e e
B1s Ideal storage £06 tosge = 0.45 KR 0.60 £ 0.02
3 + injoction x1 %o e “mg. c nfection = 0.19 +
£ total=1214£016 g deal storage
E 10 SKyages 11 57 E 0 ).Z f 04 rrrts 0.45 £ 0.01
] ==
ideal storage
s [ 5.00 £ 0.06 02
0 0.0
Ideal  Injection Ideal  Injection
injection scenarios injection scenarios
ToP ARICH

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

Ideal storage single-beam BG [EE] + Mid storage (incl. SFx2)
B® + Conservative storage (incl. SFx2) |

1000

800

600

400

Hit rate [kHz/wire]

200

4000

3000

2000

Crystals [count/event]

1000

Total Background: Ideal / Mid / Conservative Storage (SFx2) + Injection

Conservative storage
+ Injection x2

total = 966 = 26

Conservative storage
+ m]u(hnn l

Conservative storage
dnven by Injection efficiency
00 526+ 9

Ideal storage %
+ Injection x1 md nouq.
total =390+ 9 r J efficen,

395:8

Ideal storage
1703

Ideal  Injection
injection scenarios

CDC Inner

ECL limit will

improve S
with upgraded el DAt LA
electronics,
= Conservative storage
but stillto be + Injection x1
Vg tokal 3635 ¢ 3 M
evaluated %3 .....
Conservative storage
drven by injectian efficiency
090] 2582 = 22
Ideal storage
+ injection x1
total = 1765 + 23

Ideal  Injection
injection scenarios

ECL out-of-time crystals

n = 440

+ Injection x1 = 1 x Conservative storage
] + Injection x2 = 2 x Conservative storage

600

=
2

Hit rate [kHz/wire]
8

8

Background rate [MHz]
~ w = w @ ~

A,
e/
///77/. o

%

Injection: single-beam
only, no SFx2

CDC limit
Improves after

Conservative storage
2028, upgraded + injection x2
total = 561 + 10
CDCFE tovage = 312 - injection = 249
electronics Conservative storage
w/o cross talk, ‘*a ‘J::udw;sc: =7
but still to be
evaluated A Conservativestorage
; Bl
\deal storage o] 312+ 3
+ Injection x1
total = 236 2 4 b ol P
‘ - 224 : 3
200-300 kHZ Ideal storage
cocnow [l R
with cross
talk
Ideal Injection
injection scenarios
CDC Outer
KLM L3 limit
willimprove
with upgraded
. Ce
RPC operation el huin g
g ’ total = 6.12 + 1.15
in proportional storage = 3,52 - Injection = 2.
mode, but still Can-.mn ive smrage
injection
tobe evaluated an:: total 4. sz o 78
Covmvvnlv- |Iou¢n
Injecton effciency
Ideal storage
+ injection x1
total = 265 + 0.44 kg
v:'r“ -'

\deal Injection
injection scenarios

Barrel KLM L3

Bogdan Kutsenko

Machine Parameters for Post-LS2(assumed in CDR)

- beta*y=0.27/0.30mm(LER/HER), beta*x=32/35mm
- L~6E+35

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

e 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
e 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
e Further improvements in the limit could be
partly possible in an early stage of the design
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SBL precursor signals



a) Loss Monitors as SBL precursor?

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

Example

. LER SBL | 28 April 2026, 12:15:28
Potential precursor a

'\l;“hi abort l>— :
X e before 1 turn (10 ps) E 700 Rioss: 1975.4 mRad — oave
> @ -l Dosv1
= g so0f oosv1
N % = D3 threshold: 140 mV (TOT: 245.6 ns)
'8 ! { = 500 E— Existing D3 deosion
,§ 0 Joopast ; "m_,,w._l.,:wmmﬂ_ ‘ 400 E Small loss in DO6V1 and DO:
o, | =
g - , =
< 300 C
- ' ‘ 200
CLAWS abort — z
S—— St R [Spreeesi B, = 100~ ‘
-10¢ o | .
-XS S 0 ||||||‘ |l||||||1||||||
. 14 -12 10 -8 -6 -4 -2 0 2
Time (f”) Time from LER abort readback [us)

« 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


https://kds.kek.jp/event/60798/#1-superkekb-commissioning-task
https://kds.kek.jp/event/59802/#1-ir-claws-signal-as-sbl-precu

MDI report by K. Uno

Advanced abort system w/ multiple LMs

hnE2E b /fr’Jl/Pt_! tﬁ_l._t

MFv0—

Picoscope 1 Picoscope per 1 abort source
FEey Y| —— e
Ny H—EIRE

\

e 9!\.\:111-

! -

| VA be;m W

I

I B {E |
: M || 5t=108~208ns!
- 5t :5t S 2o (AN
I e S > |

___/

Board with Zynqg

« Algorithms using multiple CLAWS signals is possible
- Online monitor to evaluate fake-rate is possible

> Varlous algorlthms can be |mplemented on the FPGA

Redpitaya

450

= 2026-05-11 07:37:10
SBL, IR loss 1429.8 mRad

Voltage [mV]

‘ | ‘IH ‘ \“\ MImimmmm

N
)
\‘H‘\‘IH‘\‘HHHM\\

With great help from Bela

Picoscope (D3) -
Picoscope (DS)
——— Picoscope (D6)

LER Abort [mV]

Time from LER Abort [us]

« Readout board is prepared to combine multiple waveforms and issue a trigger
« Need to optimize anomaly-finding thresholds to minimize fake trigger rate
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https://kds.kek.jp/event/60798/#1-superkekb-commissioning-task

h) Beam size blowup as SBL precursor?

UH pesition I

DH position (mm)

UV pesition (imm)

Dy |||Hil'iu|||l|||||.|

Vertical size (mm)
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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
* |s beam-size blow-up significantly correlated with
SBLs across events?
« What are the achievable detection efficiency and
warning time?
40



G. Mituska’s report at the SBL TF meeting on Sep. 28
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Fast Beam Size monitor (SiXRM)

MDI report by K. Yoshihara

Motivation

« Bunch-by-bunch beam size measurement is
critical for understanding SBL mechanism.

 Insome 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

K.Yoshihara

—. X-ray-monitor
Preamp + FPGA
i T

Boardstack waveform
readout system

Dlll

d carrier SCROD
(icz t;,raboa: amp. board (4)  board (x4)

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

Riku Nomaru, Bela Urbschat, Cody Driver, Gaku Mitsuka,
Matt Andrew, Keisuke Yoshihara

Successful bunch-by-bunch beam size measurement
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RFSoC-based readout and NN-based beam-size
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waveform readout system
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SiXRM paper on arxiv

Yoshihara
balun /
interface card RFSoC
(single-ended <> E> (ZCU216) E> PC
ntia
conversion, 16 ch ADC
bandwidth +FPGA
matching)
(16 differential single RFSoC board
channels) (1 board)
ARCG6 twinax cables
(high-speed differential)


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

K. Yoshihara

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)

4 ) (
o Beam size /
Si strip sensor Amplifier RF-ADC FPGA b h
X-ray profile » front end 16 ch (32 under study) baseline & gain e
(coded aperture) 2.5 GSals, RF-locked correction — NN — DAQ
— abort (future)
. J .
ZCU216 RFSoC
Online algorithm (UH, 2025 beam data) Plan

. Small neural network (hls4ml, quantized) estimates oy
from the 16-strip profile; 16 vs 32 channels being
compared

. FPGA-friendly baseline correction reproduces the
offline analysis within a few um

. Pseudo-data generator from 2025 data for training
and firmware tests

Q Oct 2026 RFSoC readout test at KEK, then sensor +

amplifier test

O 2027ab "Shadow mode": continuous monitoring, not

connected to abort; study oy around SBL events

@ Later Set threshold from shadow-mode data, connect

to abort system

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



c) BOR waveforms

MDI report by H. Haigh, P.Horak K. Yoshihara
/
SN~ . .
Results 2024 runs A< MB Bunch Oscillation Recorder (BOR)
| P
[ Prap;, |
”n"’sr
Model N Early > 10us  Safe >28us  Median (us) Mean (4 yReSU/t )
Sliding-window variance 209  136/209 (65%) 30/209 (14%) 142 143 o y e o (maston
rolling-norm variant 200 115/200 (55%) 41/209 (20%) 207 143 5
& Kalman velocity 209 198/200 (95%) 49/209 (23%) 157 182 / l
DeeplSTM (multivariate) 200  186/200 (89%) 65/209 (31%) 207 300
Hybrid ConvID-LSTM 200 149/200 (71%) 41/209 (20%) 18.7 17.2 PROSEN
- rollingnorm variant 209 194/209 (93%)  76/209 (36%) 2338 312 / (R sl
4 ¥
Versal Board >
“ / [ R ——— "."."-
o  Measure At with respect to bunch-current baseline model. [ =]
100
o  Overall the ML methods show ability to improve on simplistic SuperkEKB malin ring 4
models that monitor variance. IDROGEN+Versal

o  The Kalman filter is able to catch almost all events early, but

does not provide a large forewarning on average.

e A multi-BOR system with unified hardware is being developed:

e ikl Comvolitional LSTME ol shis il pracie s » Beam oscillation may also be useful for SBL precursor detection.

T
originally seen in LSTM - trains/process data 13x faster!

» Timestamp sharing enables synchronized analysis.
e Readout R&D at KEK: IDROGEN + Versal Board (VPK120)
® Collaboration with KEK, UH, Giessen, and IJCLab

Huw Haigh SuperKEKB BOR analysis 12

e Offline analysis on 209 SBLs in 2024

e Various anomaly-detection methods are compared

e 71-90% can be flagged =10 us before loss, depending on the
method. Up to 36% have a =28 us warning margin in the
preliminary study. « Hardware R&D for IDROGEN modules and

« Fake rate looks acceptable but should be further checked by Versal Board is currently ongoing
taking random-trigger data

« Paper draft on arxiv

« Install multiple BORs and synchronizeed readout
to conduct online analysis for anomaly triggering
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https://arxiv.org/abs/2610.17241
https://kds.kek.jp/event/60796/#1-anomaly-detection-in-bunch-o

ST collimator study



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 Il loss monitor group (conduct machine study, sensor preparation)
« Xsuite group (beam line simulation)
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BT collimators

Cutting the beam energy
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