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q Introduction of injection issues at SuperKEKB

q Key findings for HER

q Conclusions and Outlook

Outline
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SuperKEKB/Belle II project

v The record luminosity at the end of 2024 was achieved under conditions where the injection 
was nearly saturated and the beam current could not be further increased.
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p Injection strongly limit higher luminosity during recent operation 

high currents à reduced lifetimes à tried during 2024c run 

Small 𝛽!∗ à reduced DA à tried 0.8mm during 2022ab run 

×
×

Ø Huge background appear just after beam injection and continues more than 10ms -> limit data taking efficiency
-Belle II trigger is vetoed for a while after injection ->large DAQ deadtime of 5~15%

Ø Achieved injection efficiency during physics run almost lower than half of the required -> limit beam current

SVD first layer occupancy 

-ECLBG     –Injection Veto 

～10ms

ECLTRG injectionBG duration

Ø Detailed injection-related beam loss and background simulation is essential for improving injection efficiency and BG 
Ø Injection-related issues are expected to become more severe for higher luminosity -> serious issue for target luminosity

SuperKEKB top-up injection and BelleII DAQ
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Injection simulation based on realistic operation settings
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l Beam-beam(weak-strong model)

l Realistic IR beam pipe setting + Collimator (2024-06-26) 

l Machine error: sextupole vertical mis-alignment (55µm Gauss random → global coupling: ⁄ε# ε$ = 0.6%) 

l Bunch-by-bunch feedback(damping time=0.5ms) → Gaussian stored beam also included

l Lattice: HER_CW60_0.9mm-can_rev.sad: 𝛽%∗ = 60𝑚𝑚,𝛽!∗ = 0.9𝑚𝑚, crab waist=60% (from	Ohnishi-san)

l Injection distribution (from Yoshimoto-san) + emittance adjustments ( ⁄𝛾𝜀! 𝛾𝜀" = ⁄200𝜇𝑚 150𝜇𝑚) + injection error (2𝐽% = 0.58𝜇𝑚)

𝑁# = 3.31×10$% → 𝐼& = 0.5𝑚𝐴 → 𝜉" = 0.017, 𝜉! = 0.010 (based on 2024-6-27 operation emittance and bunch current)

manufactory error from cancel coils(correct	leakage	field	from	QC1P	in	the	LER)

v Detailed HER injection simulations were performed and compared with dedicated experimental measurements. 



originate from the beam core 

originate from the edge of bunch 

Injection efficiency and beam loss

Ø There are 2 different types of beam loss: 
1) large and fast beam loss in the first 100 turns(30%) àinjection efficiency
2) small and continuous beam loss until 1000 turns(10%) àinjection BG duration

A: Large rapid beam loss

B: Small continuous beam loss

A: Large rapid beam loss

B: Small continuous beam loss
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n Finding1: Injection errors mainly affect injection efficiency

-> injection offset; injection angle; injected emittance; injection phase; x-y coupling
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∆𝑥 = 10.5𝑚𝑚, ∆𝒙! = −𝟎. 𝟖𝟒𝒎𝒓𝒂𝒅
10.5mm

∆𝑥 = 10.5𝑚𝑚, ∆𝒙! = −𝟎. 𝟕𝟓𝒎𝒓𝒂𝒅
13.0mm



Measurement of Injection Error Effect on Injection(2024-06-06)
(with N. Iida, Y. Ohnishi)

Ø The trend of injection efficiency with respect to the variation in error is consistent. 8



v Beam-beam interaction can reduce the beam loss rate in the first 100 turns but increase the loss rate after 100 turns.
v Strengthening the beam-beam interaction decreases DA, lowers injection efficiency, and increases injection background-related beam loss. 

𝑁! = 3.3×10"# → 𝜉$ = 0.017 → 𝟏𝟗𝝈𝒙𝑁! = 0 → 𝜉$ = 0 → 𝟐𝟑𝝈𝒙 𝑁! = 18×10"# → 𝜉$ = 0.092 → 𝟏𝟓𝝈𝒙

n Finding2: Non-linearity in HER lattice affect both efficiency and background  
-> Beam-beam effect; cancel coil error; crab waist collision
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Injection efficiency 
after 100 turns

Injection BG 
duration

𝐼&𝐼' ↑

𝜉! ↑

Injection BG ↑

Beam loss on D01V1, D09V3 and D12V1 ↑

Measurement of Beam-beam effect on injection (2024-12-12)
(with Y. Funakoshi, H. Kaji, T. Koga, U. Bela)
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v Cancel coil error degrades the on-momentum DA: 80𝜎" → 65𝜎",
v Decrease the injection efficiency: 72% → 60%

22𝜎! → 16𝜎!

p Cancel coil error affect both injection efficiency and background

increases the IR beam 
loss almost every turn

• Cancel coils in the HER should correct the leakage
field from QC1LP and QC1RP in the LER.

• Skew sextupole and skew octupole increase (not
cancelled) due to manufacturing mistake.
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pCancel coil error correction— based on 2024c lattice obtained from Ohnishi-san and kosio-san

• Cancel coil error correction:
Placed a thin skew sextupole magnet, VSKQC1RE, before VKQC1RE of
QC1RE on the beam orbit

VSKQC1RE =(DX =-.0007  SK2=0)
pos=LINE["S", VSKQC1RE]=3014.9047
elm="VSKQC1RE";
Element["DX",elm]=Twiss["DX",elm];
Element["DY",elm]=Twiss["DY",elm];
Element["SK2",elm]=0.04;
CALC;
EMIT;

H. Kosio v DA almost recovered after correction 

sher_5781_60_1-can2-VSKQC1RECorrection.sadHER_5781_60_1_cw60-can.sad

[𝟏𝟖𝝈𝒙 , 𝟔𝟓𝝈𝒚] [𝟐𝟑𝝈𝒙 , 𝟖𝟎𝝈𝒚]

correction

injection efficiency almost recovered 
Injection BG duration is extended

à does not affect the orbit or
linear optics

à L-side ΣSK2 = -0.32853, R-side
ΣSK2 = -0.41576 (L-side ΣSK2)
- (R-side ΣSK2) ~ -0.0872

à correcting the SK2 imbalance
between the left and right
sides of the IP

v Collimator optimization is required to avoid increase of IR beam loss
v Validation experiment will be carried out in 2025c operation 12



n Finding3: IR Beam loss can be suppressed by minor collimator aperture adjustment 
Ø Current collimator settings are effective in protecting the IR region, but IR losses remain.

Ø D01V1 plays a major role in this suppression 
-relative aperture to the injection beam size of D01V1 is almost the same as that of the IR beam pipe 
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p Tuning the collimator D01V1 and recording the injection related beam loss and background
Take data with collimator D01V1 position: original, +-100um, +-200um under two different beam current cases
-> LER:240mA, HER:192mA, 393 bunches (corresponds to 1.4A and 1.1A with 2346 bunches) ->current best operation so condition
-> LER:290mA, HER:230mA, 393 bunches (corresponds to 1.7A and 1.4A with 2346 bunches)-> a little future

p Data recording
-> injection efficiency -> TbT monitor
-> beam loss pattern -> CLAWS at D01V1; CsI scintillator + PMT& EMT at D09V3, D12V1
-> injection background duration -> ECLTRG

ECL trigger
signal

Injection
trigger

Collimator and beam-beam measurement (2024-12-26)
(with K. Uno, R. Ueki, H. Kaji, T. Koga, U. Bela)
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p Preliminary analysis
--The injection BG is very sensitive to collimator D01V1 aperture 

Experiment setting

( close 200um )

( close 100um )

( open 100um )

( open 200um )
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14

Experiment setting

( close 200um )

( close 100um )

( open 100um )

( open 200um )

p Preliminary analysis
--The injection BG is very sensitive to bunch current(beam-beam strength)
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R² = 0.80

7.3ms
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pDetailed analysis
• Local pedestal correction & Integration of D01V1 signals after 5ms à estimate beam loss on D01V1
• Calculate ECLTRG duration automatically àestimate injection BG duration 
• Update simulation match to measurement setting

Good qualitative 
agreement with 
simulation results



PMD12V2: 1.79mm(𝟒. 𝟔 σ#345) -> 1.39mm(𝟑. 𝟔 σ#345) -> 0.99mm(𝟐. 𝟔 σ#345)
PMD12V4: 2.20mm(𝟓. 𝟎 σ#345) -> 1.76mm (𝟒. 𝟎 σ#345) -> 1.32mm (𝟑. 𝟎 σ#345) 
PMD01H3: 5.00mm(𝟏𝟖. 5 σ$345) -> 4.46mm(𝟏𝟔. 5 σ$345) -> 3.65mm(𝟏𝟑. 5 σ$345)
PMD12H1: 11.6mm(𝟏𝟖. 1 σ$345) -> 10.3mm(𝟏𝟔. 0 σ$345) -> 9.0mm(𝟏𝟒. 0 σ$345) 

p Collimator tuning to share beam loss on D01V1

• Interaction region(upstream) 
ReAY: 𝟑. 𝟔 𝝈𝒚𝒊𝒏𝒋
ReAX: 𝟏𝟕. 𝟎 𝛔𝐱𝐢𝐧𝐣
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D12V4 Tuning D12V2 Tuning

pPreliminary Vertical Collimator Scan: PMD12V2; PMD12V4

• Tightening collimator apertures (D12V2, D12V4) effectively reduces IR beam loss and D01V1 loss.
• However, to suppress the IR beam loss, larger aperture adjustments are required for D12V4 and D12V2 

compared with D01V1.
• D12V4 demonstrates higher sensitivity to aperture changes compared to D12V2.
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pPreliminary Horizontal Collimator Scan: PMD01H3

• Injection efficiency remained stable even with extreme aperture reduction.

• Tightening collimator D01H3 aperture reduces IR beam loss, but the effect was less sensitive 
compared to vertical collimation.

Question: What is the minimum 
achievable collimator aperture?

->Preliminary collimator tuning for 
individual collimators only.

->still need to optimize several of 
them together.
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Conclusions and outlook

Ø A more realistic simulation mechanism for injection-related beam loss has been developed

Ø Verification experiments have been conducted based on its main findings

Ø Qualitative agreement is observed between simulation and experimental data:

v Detailed tune scan(betatron-synchrotron resonance,…)

v More realistic collimator model including tip-scattering & collimator optimization program integration

v Connect SAD simulated injection beam loss with Geant4 simulation

v More validation experiments (CLAWS at D01V1, ECLTRG,…)

p Further investigation of injection-related beam loss and background

- comparison includes raw waveform features and further data analysis
- simulation updated with beam parameters and machine conditions from the measurement day
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Back up



Ø Manufacturing error of cancel coil in HER 

• Skew sextupole and skew octupole increase (not cancelled) 
due to manufacturing mistake. 

Cancel coils in the HER should correct the leakage field from QC1LP and QC1RP in the LER. 

• Normal winding and skew winding coils correct both normal
and skew field by using one power supply.

Y. Ohnishi

n Finding2: Non-linear factors affect both injection efficiency and background  



pPreliminary Vertical Collimator Scan: PMD12V2; PMD12V4

• Tightening collimator apertures (D12V2, D12V4) effectively reduces IR beam loss.
• D12V4 demonstrates higher sensitivity to aperture changes compared to D12V2.


