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SuperKEKB Accelerators
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 MR Circumference : 3km

 e- 7 GeV x e+ 4 GeV

 world highest luminosity

 Full energy injector linac (600m)
‒ Positron DR(e+), RF gun (e-)

 Starting construction on 2010
‒ Phase 3 operation (Physics run) 

2019-

 Nano-beam colliding with large 
crossing angle (83mrad)
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Recent operation
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Achieved up to now..

 Peak luminosity : 4.65 x 1034 cm-2s-1 (4.71 x 1034 cm-2s-1 w/o Belle II data 
taking)

 Integrated luminosity : 424 fb-1 (491 fb-1)

 Peak currents : 1.46 A (LER) / 1.14 A (HER), 2346 bunches (2-bucket 
spacing)

 βy*: 1 mm (0.8 mm) << bunch length ~6 mm -> proof of the nano-beam 
scheme

 Crab waist scheme has been applied (80 % in the LER, 40 % in the HER). 
‒ luminosity improvement

 Beam-Beam parameter : 0.035 at 0.7 mA (0.045 at 1.1 mA for small number 
of bunches)

 Bunch-by-bunch FB tuning (gain, noise reduction) in the HER ->luminosity 
improvements

 Bunch-by-bunch FB tuning (number of taps) in the LER ->suppress single 
bunch blowup, luminosity improvements

 Chromatic X-Y coupling correction with rotatable sextupoles in the LER    
->luminosity improvements
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 Long-term drift of QCS magnetic field (beta-beat) <-reduced by new QCS 
initialization procedure

 Orbit deviation due to IP knob tuning (beta-beat) <- suppressed with QCS 
corrector (ZHQC2RP)

 Increase of positron charge for the LER injection : 3 nC at the end of e+ 
beam transport line

 2-bunch injection for the LER and HER ->improve injection efficiency

 Adjustment of injection orbit in the HER (septum, kicker) ->improve 
injection efficiency (not enough)

 Reduce leakage orbit from injection kickers <- reduced by additional 
inductance for the coils
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Operation statistics
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Machine parameters
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Challenges to improve luminosity(1)

 IR Optics (by*) modulation due to stored current (HER)
‒ Betatron tune shift due to resistive wall current on racetrack 

vacuum chamber (HER)

‒ Horizontal orbit deviation around strong sextupoles, especially 
around local chromaticity correction sections.
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Challenges to improve luminosity(2) 

 Beam-beam interaction
‒ Lower beam current in the HER tends to cause beam blowup.

‒ This means that the HER beam size is easier to blow-up when the beam current 
of the HER decreases.

‒ Therefore, the beam current of the HER is larger than the energy ratio (4 GeV / 
7 GeV).

‒ The optimum ratio of LER to HER beam current is 5:4 from luminosity tuning.

‒ The beam-beam parameter of the LER are larger than that of the HER.

‒ The current ratio is kept constant for daily operation in principle.

‒ The beam-beam parameter is sluggish with LER beam currents of around 0.6 ~ 
0.8 mA.
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Beam-beam parameter
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Specific luminosity
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Challenges to improve luminosity(3)

 Chromatic X-Y coupling
‒ QC1s of LER have no magnetic shields nor anti-solenoid to 

cancel strong solenoidal field from Belle II detector.

‒ Beam-beam simulations suggest the induced chromatic X-Y 
coupling could introduce large vertical beam blowup

‒ Rotatable sextupole magnets  around IR to correct chromatic 
coupling. 
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Challenges to improve luminosity (4)

 Sudden beam loss (within 1-2 turns), damage of vertical 
collimator heads.
‒ Might cause QCS (superconducting final quads and correctors) 

quench and/or severe damage to the detector.

‒ After damage of collimator heads, many unwanted side-effects 
might happen.

 Much larger injection (and stored-beam) background.

 Much larger transverse beam impedance due to damaged heads, 
reduce threshold of transverse mode coupling instability : Vertical 
beam size blowup with higher bunch current.

‒ International Task Force for SuperKEKB upgrade  Sudden beam 
loss subgroup (H.Ikeda)

‒ https://kds.kek.jp/category/2423/
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Sudden beam loss
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Beam(bunch) current
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Before beam loss
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Vacuum pressure
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Start position of beam loss
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Summary
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 Peak luminosity of 4.7x1034cm-2s-1 has been achieved

 Demonstrated stable operation over 1A in the LER (with 
smaller bunch current less than 0.7mA/bunch)

 Sudden beam loss is one of the most serious challenge 
to increase luminosity and beam current, up to now.

 Many other challenges:
‒ Beam blowup in LER

‒ Beam line deformation with HER beam current

‒ Shorter beam lifetime; both dynamic aperture and physical 
aperture (beam collimators), need to clarify the effect of crab 
waist.

‒ Injection efficiency, long-term stability of the injector.

 Several upgrade items during long shutdown 1.
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Backup
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QCS hysteresis
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Modified QCS initialization method
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To improve luminosity..

 Beam blowup in the LER (single beam, non-collision) : "-1 mode instability"

 Sudden beam loss (fast beam loss, especially in the LER)

‒ Damage of collimator head due to large beam loss

 Lower beam-beam parameter: ~0.035 at 0.7 mA

 Beam current dependence of beam orbit

‒ Orbit deviation at strong sextupoles is caused by beam line deformation due to 
intense SR heating.

 Short beam lifetime (dynamic aperture, physical aperture) : LER 8 min(1.25 
A) / HER 25 min(1 A) nb=2346

 Beam related background (optimization of collimator, QCS aperture, IR 
orbit)

 Beam injection (small physical aperture of injection region, emittance 
growth in the beam transport line)

 Earthquake : The beam aborts invariably. The becomes large in the HER. 
The optics εy correction is needed.
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Beam blowup in LER
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tune shift due to bunch current
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beam monitors

 Bunch oscillation recorder (Fuji)

 Bunch current monitor (Fuji)
‒ 2GHz detector (same as FB detector).

‒ 4096 turns x 5120 bunches (whole ring) before beam abort

‒ MAX108 ADC (8bit)

‒ Triggered by beam loss signal

 X-ray beam size monitor (100kHz rep.)

 beam loss monitor (PIN-diode, scintillator, optical fiber, 
etc).

 (500MHz) bunch current/oscillation detector
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Also in HER
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Summary
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Sudden beam loss
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International Task Force for SuperKEKB upgrade 
Sudden beam loss subgroup (H.Ikeda)
https://kds.kek.jp/category/2242/
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Beam(bunch) current
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Before beam loss
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Vacuum pressure
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Start position of beam loss
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