
Accelerator operation plan
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on behalf of the SuperKEKB commissioning group

Joint review focusing on the operation plan, 18 -19 Dec. 2025



Agenda

• How to achieve 1 ab -1 and 1x10 35 cm-2s-1

• How to reach LER > 2.0 A and HER > 1.4 A, issues to be addressed to reach it, 
and how to address it.

• How to keep 80% of physics run time and how to improve the accelerator 
operation efficiency

• Machine studies

• Plan ahead for possible issues and contingencies
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2026ab operation target plan
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Target
Peak luminosity = 1×1035 cm−2s−1

Integrated luminosity > 425 f b−1

Key parameters
Specific luminosity = 4.9×1031 cm−2s−1mA -2 at 0.88 mA2

Operation performance score (defined later) > 65%

Requirements
2-bunch injection in HER and LER, β y* squeezing to 0.9 mm, Mitigation of beam -beam effects
We must limit machine tuning time (incl. Liq. He work) to 35% of the total operating time.

IHER = ILER x 0.75



Target parameter values
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Parameters Target values Comments

Peak luminosity (cm -2s-1) 1x1035

HER beam current (A) 1.9 A LER current x 0.75

HER bunch current (mA) 0.8 mA for 2346 bunches

LER beam current (A) 2.6 A

LER bunch current (mA) 1.1 mA for 2346 bunches

Specific luminosity (cm −2s−1mA -2) 4.9×1031

Operation efficiency (%) > 65%

Physics run period (days) 85 (physics) + 45 (others)

Includes machine trouble & maintenance time, e.g.
• Hardware trouble ~15% (average over 2022 -2025)

• + Liquid He work ~10%, i.e., 2 shifts every week
• Monthly maintenance day ~3%



Injection comparison 2024c vs. 2025c
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27 Dec. 2024 (achieved 5.11e+34/cm 2/s) 5 Dec. 2025

HER in 2025c: Poor injection efficiency <50%. With 3 nC of charge immediately after the RF gun, the vertical 
emittance increases, so we limit the charge to 2 nC.
LER in 2025c: By adding an orbit -correction kicker and adjusting the beam energy equivalent between two 
bunches, we maintain the same injection efficiency for the 1st and 2nd bunches. The efficiency of ~60% is 
likely due to insufficient tuning (was 70% under good conditions). Able to achieve a similar level to 2024c.



Injection comparison 2024c vs. 2025c
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2025c exhibits sizable orbital jitters in both X and Y directions downstream of the BT.
→ This jitter is synchronized with a decrease in injection efficiency.

Dec. 2024 Dec. 2025

The beam orbit jitter of 2025c is comparable to, or slightly better than, that of 2024c.

HER

LER



Injection: Issues and workflow
Issues to be solved before the main ring operation

• Beam orbit jitter downstream of BT → Injection efficiency drastically reduced
• Orbit jitter combined with large emittance (at BT end) has been negatively impacting injection efficiency.

• Large Y-direction orbit jitter from the RF gun onwards needs to be mitigated with the 2024c level.

• The two-bunch operation in HER was difficult with the new RF gun.
• Tuning time was insufficient this season. We are currently tuning the vertical orbit at Linac.

• Maintenance of the BT beam diagnostics
• Non-invasive synchrotron radiation monitor should come back to normal (not usable in 2025c)

• Stable measurements for both 1 st and 2nd bunches are desirable for all BT BPMs.

• Linac and BT studies for 10 days or more are preferred prior to the MR operation.

Issues can be solved during the main ring operation

• Long -term stability and non -invasive beam tuning are mandatory not to interrupt physics run.
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e-60% reduction

Injection: Issues and workflow
• Injection efficiency reduced to ~60% within the first turn with the D12V4 collimator.

• To protect the damaged D01V1 collimator  and suppress inj. BGs, the D12V4 collimator is kept closed.

• Due to large vertical emittance, many injected particles are likely being lost (~70%).
• 60% x 70% ~42% injection efficiency.
• The solution is to replace the damaged D01V1 (scheduled in Jan. 2026) and reduce vertical emittance.
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70% reduction



Specific luminosity comparison 2024c vs. 2025c
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4.9×1031 cm−2s−1mA -2

5.9×1031 cm−2s−1mA -2

• Approached the best levels in 2024c (thanks to coupling near the 
IP, vertical angle, and HER tunes). The key is whether we can 
increase the current while maintaining the specific luminosity.

• High specific luminosity could be demonstrated for a small 
number of bunches, e.g., 393 bunches.



Collision: Issues and workflow
1. Scan horizontal and vertical tunes to balance injection and specific luminosity, i.e.  “tune scan”

1. Has performed in HER several times in 2025c

2. Test multiple sextupole configurations to extend lifetime and increase dynamic aperture

3. Achieve the peak luminosity of 5e+34 cm -2s-1

4. Adjust chromatic coupling using the rotating
sextupoles in LER to optimize luminosity

5. Increase the beam current to the target values

6. βx* squeezing to 50 mm or more

7. βy* squeezing to 0.9 mm

8. Challenging to realize high specific luminosity for
2346 bunches at > 0.5 mA 2 due to injection
power, chamber-heating induced optics deformation,
possibly beam instability, etc.
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Accelerator operation performance score
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• A measured quantity of how constantly we can acquire the integrated luminosity while keeping the peak luminosity

• Operation performance score is defined as

• Cause of low performance score : beam aborts, machine tuning inserted in physics run, unstable injection, etc.

Required in Plan B

Required in Plan A

• Operation performance score in the left figure is defined as 
“per day” so that the inefficiency due to machine tuning in 
the daytime is included.

• Minimizing machine tuning time as much as possible while 
maintaining modest luminosity yields high efficiency.

• Stable ring (pressure, RF, magnet, FB, software)
• Stable injection (orbit jitter, energy jitter, gun)
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Beam abort statistics
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• Very reduced beam aborts in 2025c compared with 100 SBLs and 308 other beam -loss events 
in 2024c

• One HER-induced SBL in 2025c
• Normalized by only run period, beam aborts are reduced to 1/5.

Beam loss events in 2024c (79 days) Beam loss events in 2025c (42 days)



Summary
• Injection

• Beam orbit jitter downstream of BT must be solved for increasing injection efficiency.

• The new RF gun needs more tuning for the 2 -bunch operation and jitter reduction.

• Stable beam diagnostics at BT is desirable for injection beam tuning.

• Long -term stability and non -invasive beam tuning are mandatory not to interrupt physics run.

• Collision
• Adjust chromatic coupling using the rotating sextupoles in LER to optimize luminosity

• Test multiple sextupole configurations to extend lifetime and increase dynamic aperture

• βx* and βy* will be squeezed as much as we can maintain lifetime and dynamic aperture.

• Machine safety
• Though SBL events has been reduced, sizable number of beam loss aborts has occurred.
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Backup
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Specific luminosity comparison

15



2026ab operation scenario (Plan C)
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Target
Peak luminosity = 1×1035 cm−2s−1

Integrated luminosity > 425 f b−1

Key parameters
Specific luminosity = 5.0×1031 cm−2s−1mA -2 at 0.86 mA2

Operation efficiency > 75%

Requirements
2-bunch injection in HER and LER, β y* squeezing to 0.9 mm, Mitigation of beam -beam effects
We must limit machine tuning time (incl. Liq. He work) to 30% of the total operating time.

IHER = ILER x 0.8



Machine parameter comparisons
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Plan C

Peak luminosity 1x1035 cm-2s-1

HER beam current 2.1 A ← limited to 2.0 A LER current x 0.8

HER bunch current 0.9 mA for 2346 bunches

LER beam current 2.6 A

LER bunch current 1.1 mA for 2346 bunches

Specific luminosity 4.8×1031 cm−2s−1mA -2

Operation efficiency > 75%

Physics run period 100 days



Plan A for achieving 1 ab -1 and 1x10 35 cm-2s-1
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Vacuum scrubbing

Beam current and peak luminosity Luminosity and integrated luminosity

Target
Peak luminosity = 1×1035 cm−2s−1

Integrated luminosity > 425 f b−1

Key parameters
Specific luminosity = 5.0×1031 cm−2s−1mA -2 at 0.86 mA2

Average operation efficiency > 60%
(N.B., ~67% at 1.7 A & 1.3A in 2024c)Requirements

2-bunch injection in HER and LER, β y* squeezing to 0.9 mm (plus, possibly β x* squeezing)
Mitigation of beam -beam effects



Plan B for achieving 1 ab -1 with 6x1034 cm-2s-1
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Target
Peak luminosity = 6×1034 cm−2s−1

Integrated luminosity > 425 f b−1

Key parameters
Specific luminosity = 5.9×1031 cm−2s−1mA -2 at 0.44 mA2

Average operation efficiency > 85%
(N.B., highest record~88% in 2022c)Requirements

Stable operation (less SBL, less QCS quench, less machine/detector trouble)
2-bunch injection in LER, Relaxing beam -beam effects

Beam current and peak luminosity Luminosity and integrated luminosity

Vacuum scrubbing



Machine parameter comparisons
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Plan A Plan B

Peak luminosity (cm -2s-1) 1x1035 6x1034

HER beam current (A) 1.8 1.3 A LER current x 0.7

HER bunch current (mA) 0.8 0.6 for 2346 bunches

LER beam current (A) 2.6 1.9

LER bunch current (mA) 1.1 0.8 for 2346 bunches

Specific luminosity 
(cm−2s−1mA -2)

5.0×1031 5.9×1031

Average operation eff. (%) > 60% > 85%

Run period (days) 120 (physics) + 60 (others) 150 (physics) + 30 (others)



Plan A: basic plan
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Detailed explanation

• Peak luminosity = 5.0 ×1031 cm−2s−1mA -2 x 0.86 mA 2 x 2346 bunches = 1.0×1035 cm−2s−1

• Challenge 1: specific luminosity 5.0×1031 cm−2s−1mA -2 (see p8)
• Needs to solve the emittance blowup that occurred in HER 2024c
• Needs squeeze β y* to 0.9 mm to lower the beam size at IP

• Challenge 2: high bunch current 0.86 mA 2 for 2346 bunches (see p9-11)
• Corresponds to 1.8 A in HER and 2.6 A in LER
• Needs to realize 2-bunch injection in LER and HER
• Needs to mitigate beam -beam effects
• βx* squeezing to 50 mm or lower is planned to avoid σx* blowup harming beam injection.

• An even relaxed requirement on machine tuning time (see p12, 13)
• Accelerator efficiency > 60% is tolerable  (N.B., ~67% at 1.6 A & 1.3A in 2024ab.)
• Namely, machine tuning in the daytime and physics run in the evening and midnight are allowed.



Plan B: optional plan
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Detailed explanation

• Peak luminosity = 5.9 ×1031 cm−2s−1mA -2 x 0.44 mA 2 x 2346 bunches = 6.0×1035 cm−2s−1

• Challenge 1: very stable physics run, minimizing machine tuning time (see p12, 13)
• Needs to avoid beam abort, QCS quench, and machine/detector troubles as low as possible
• Needs to minimize machine tuning time as much as possible while securing modest luminosity

• An even relaxed requirement on the high current operation (see p11)
• Target current is 1.3 A in HER, 1.9 A in LER with 2346 bunches.
• Could achieve 1.3 A in HER even with 1 -bunch injection since the end of Nov. 2024



11-17% in 2020-2022

80% of physics run time means no contingency.



HER current was limited by +1 mode 
of coupled-bunch instability.
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LER current was limited by 
bellows temperature.

HER current is limited by the poor injection efficiency.

LER current is 
limited by the poor 
injection efficiency.

Accident in HER
(Abort kicker)
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Physics run time: 45% (11/19-12/15)
Lost time due to the abort kicker issue: 12% (73 h)
Lost time due to the other troubles: 12% (73 h)

Black: troubles, issues
Gray: work, tuning

HER current
LER current
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Specific luminosity
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• High specific luminosity could be realized for a 
small number of bunches, e.g., 393 bunches.

• Challenging to realize it for 2346 bunches due to 
injection power, chamber -heating induced 
optics deformation, possibly beam instability, 
etc.

Combined data (red and green in the left panel)

2024c at 1.3 A + 1.6 A, 2346 bunches

• Specific luminosity lying on the red dashed curve 
could be realized if HER emittance blowup in 
2024c was solved (though not solved.)

• Optics study is planned for early 2025c to address 
emittance blowup if it reappears.

Plan A target
at 1.8 A + 2.6 A, 2346 bunches

Plan B target
at 1.3 A + 1.9 A, 2346 bunches



Beam-beam effects
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Extrapolation of beam -beam simulation

Obtained comparable Lsp with B-B 
simulation at low bunch current

• International collaboration is formed to tackle the beam -beam blowup issue (https://kds.kek.jp/category/1840/).
• Feedback will be applied to machine operation and studies in 2025c.

(Y. Ohnishi, eeFACT2025)



βx* squeezing
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(Y. Ohnishi, eeFACT2025)

• βx* squeezing to 60 mm in LER was successful in mitigating σx* blowup, then achieving 1.7 A in LER.
• βx* squeezing to 50 mm or lower is considered to avoid σx* blowup harming beam injection.



2-bunch injection
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• We could achieve 1.3 A in HER (1-bunch) and 1.7 A in LER (2 -bunch) with 2346 bunches in 2024c.
• HER injection started with a 2 -bunch scheme. It came to a 1 -bunch injection due to the discharge of the RF e - gun.
• Before 2025c, RF e- gun will be replaced with a new type of gun or fixed using a spare cathode plug.
• 2-bunch injection is essential for 1.8 A in HER and 2.6 A in LER in Plan A.

(T. Ishibashi, B2GM, June 2025)



Accelerator efficiency
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• A measured quantity of how constantly we can acquire the integrated luminosity while keeping the peak luminosity

• Accelerator efficiency is defined as

• Cause of low accelerator efficiency: beam aborts, machine tuning inserted in physics run, unstable luminosity, etc.

Required in Plan B

Required in Plan A

• Accelerator efficiency in the left figure is defined as “per 
day” so that the inefficiency due to machine tuning in the 
daytime is included.

• Minimizing machine tuning time as much as possible while 
maintaining modest luminosity yields high efficiency.



Accelerator efficiency on 12 June 2022
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Example of high integrated luminosity/day

• Date: 2022-06-12, with βy
*=1 mm

• Beam currents: ILER=1.2 A, IHER=0.96 A (2249 bunches)

• Peak luminosity: 3.8×1034 cm-2s-1

• Integrated luminosity (delivered): 2.89 fb -1

(2.49 fb-1 recorded with the DAQ efficiency: ~86%)

If operated at this luminosity for 24 hours:

• Delivered integrated luminosity = 3.28 fb ⁻¹/day

• Accelerator efficiency: (2.89/3.28) × 100 ≈ 88%



Luminosity history

31

2022ab 2024c

2024ab



Towards high luminosity

• Beam current (bunch current) 
• Single beam: beam lifetime (pressure rising), injection (2 -bunch operation)
• Beam collision: beam -beam effect → narrow dynamic aperture

• Emittance
• Single beam

• Vertical: emittance blowup in HER
• Horizontal: no problem?

• Beam collision
• Vertical: emittance blowup owing to beam -beam effects
• Horizontal: emittance blowup owing to beam -beam effects

→ solved by lowering β x*
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Obvious at <1.7 A in 2024c
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(Funakoshi, beam -beam meeting, 2025.07.28)
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(Funakoshi, beam -beam meeting, 2025.03.17)
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(Courtesy of Y. Ohnishi)
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(Sugimoto, beam -beam meeting, 2025.04.28)
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(Sugimoto, beam -beam meeting, 2025.04.28)
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(Sugimoto, beam -beam meeting, 2025.04.28)



(Courtesy of H. Koiso)



(Courtesy of H. Koiso)



NLC
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NLC aperture

Open

Close Lifetime shortens

Inj. amplitude of 2nd bunch Injection BG increases

• Pressure rising independently of the 

D05V1 aperture and βy(SNAP)

D05V1 aperture = 2.3 ㎜
βy(SNAP)  =  400 m

D05V1 aperture > 8 ㎜
βy(SNAP)  =  100 m

VALCCG:D05_L20:PRES

(Courtesy of S. Terui)
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