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Belle II @ SuperKEKB

B-άŦŀŎǘƻǊȅέ ŀŎŎŜƭŜǊŀǘƻǊ in Tsukuba, Japan, upgraded from KEKB

üHighluminosity (30 x KEKB = 6 x 1035 cmς2sς1)

üLongstableoperation of the machine and detector
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Belle II detector

▄
▄

7 GeV ▄ (HER; High Energy Ring)
4 GeV ▄ (LER; Low Energy Ring)
ĄὉ 10.58 GeV @ ɭτὛ

Goal: Accumulate 50 abς1 in the coming~10years

Main ring
~3016 m circumference

11 m underground

LINAC
Positron damping ring

~700 m long

Positron generation target
Beam transport line

~450 m long

~140 m circumference

Electron guns



How to get high luminosity
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Put many particles in a small region
ÅSqueeze the beam size
Å Increase the beam current
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Ὢ: beam crossing rate
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Ὓ: Area of the beam crossing

These are not trivial in fact as there are many limitations.



Hour-glass effect
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Luminosity increases 
by squeezing ‍z but 

only down to „ͯ.
(One of the limitations on 
luminosity in KEKB,
‍ᶻ υȢωmm, „ χmm)

Y. Ohnishi

https://www.cockcroft.ac.uk/wp-content/uploads/2014/12/luminosity-werner.pdf
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https://www.cockcroft.ac.uk/wp-content/uploads/2014/12/luminosity-werner.pdf


Nano-beam scheme

ÅAt a large crossing angle and small „z, the hour-glass effect 
can be avoided. Ą ‍z can be squeezed.
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(P. Raimondi)

KEKB SuperKEKB

sz = 5.0(6.0) mm
2f= 83 mrad

sx* = 11(10) mm
sy* = 62(48) nm

eï

e+

sz = 6.0 mm

sx* =
150 mm

sy* = 940 nm

2f= 22 mrad

Interaction length
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(‍z υȢωmm) (Target ‍z πȢσmm)



Crab waist
Å With a large crossing angle, off-centered particles do not intersect with 

the oncoming beam at theirǿŀƛǎǘ όƳƛƴƛƳǳƳ Ǉƻǎƛǘƛƻƴ ƻŦ ʲ ŦǳƴŎǘƛƻƴύΦ

Å Align the waist with the oncoming beam axis by using sextupolemagnets.

(P. Raimondi)
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Y. Ohnishi, PoS(ICHEP2020)695



Luminosity
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Assumptions to derive this equation:
Å 3D Gaussian distribution
Å„ȟȟ is constant along the interaction length

Å„ÔÁÎ‰ḻ„
Å Beam-beameffect isnot taken into account.

Ὢ: revolution frequency
ὲ: number of bunches per beam
ὔ : number of particles per bunch

„ᶻ : vertical beam size at IP

„ : bunch length
‰: half crossing angle
‍: beta function at IP
‐: emittance

Major concerns in the past machine operation
ÅBeam instabilities
ÅBeam-beamblowup

Å Injector power
ÅSuddenbeamloss

„ᶻ ‍ᶻ‐



Upgrade (KEKB Ą SuperKEKB)
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Low emittance RF electron gun

Electron beam

PhotocathodeRFcavity
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LER dipole magnets were 
replaced with longer ones 
(0.82 Ą 4.2 m) to reduce 
emittance.

New final-focus superconducting magnet system (QCS)

Antechamber with TiNcoating for LER 
to suppress electron cloud instability Enhanced RF stations



Beam background
Å Beamcollision(radiative Bhabha, two-photon)

ï rateᶿfl

Å Touschekscattering

ï rateᶿ ϳὍ „ὲὉ

Å Beam-gas scattering

ï rateᶿὍɇὖ ὖ ᶿ Ὅͯ

Å Synchrotronradiation

ï PowerᶿὍὉȾ”

Å Beaminjection
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Beam background measurement
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K. Kojima

ÅLER Touschekand beam-gas are 
dominant so far.

ÅLuminosity background will be 
dominant in future.

Nb = 393 1174 Nb = 393 1174



Collimator
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Y. Suetsuguet al., NIM A 513, 465 (2003)

KEKB type

KEKB type: Tapered chamber itself 
approaches the beam. The tip is 
made of Cu coated titanium.

Two movable jaws approach the beam individually.

SuperKEKBtype

Vertical collimator

T. Ishibashi et al., PRAB 23, 053501 (2020)

Horizontal collimators mainly stops stray particles from Touschekscattering and
vertical collimators mainly stop those from beam-gas Coulomb scattering.
Theyarealsoimportant to protect machine components and Belle II detector.
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The same event with simulated 
background at 8 x 1035 cmς2sς1



Belle II detector

KL and mdetector
ÅResistive plate chamber (outer barrel)

ÅScintillator + MPPC 
(inner 2 barrel layers, end- caps)

Electromagnetic calorimeter
CsI(Tl), waveform sampling

Superconducting solenoid (1.5 T)

Particle ID detectors
ÅTOP (Time-of-Propagation)counter (barrel)

ÅAerogel RICH (forward end- cap)
Tracking detector
Drift chamber (He + C2H6)
of small cell, longer lever arm
with fast readout electronics

Silicon vertex detector
Å1Ą2 layers DEPFET (pixel)

Å4 outer layers DSSD

Trigger and DAQ
Max L1 rate: 0.5Ą30 kHz

Pipeline readout

Better performance even at the 
higher trigger rate and beam 
background

GRID computing
CPU 1 MHEPSpec(105 core; ~ATLAS run1)

and 100 PB storage at 50 abς1
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SuperKEKB/Belle II history

Å2010KEKBrun end
SuperKEKBconstruction start

Å2016SuperKEKBphase 1
ïWithout QCS, no collisions

ïWithout Belle II detector

ï Beam background measurement
with BEAST II

Å2018Phase 2 (first collisions)
ï QCS, Belle II (except VXD) installed

ï BEAST II in the inner most

Å2019Phase 3 (physics runs)
ï VXD installed

BEAST II
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SuperKEKBoperation
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18‍z (mm) 0.81.02.03.0 1.0 0.81.0

HER crab waist
LER crab waist

2.01.0

New world record

491 fbς1

424 fbς1

4.7 x 1034

1.41 A

1.13 A



ὩὩ collider + LHC

VEPP-2000

Target luminosity

Luminosity record
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Nano-beam
20

Y. Ohnishi, ICHEP2020

Vertical beam size at IP measured by XRM: 0.224/0.224 mm (LER/HER) at 4.65 x 1034 /cmς2sς1



Example of daily machine operation
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https://www-linac.kek.jp/skekb/snapshot/daily/daily-2022/daily-2022-04.html

[Beam abort reason]
Severe beam loss
Minor beam loss
Beam loss atinjection
Pressureburst
RF
Earthquake

Baking run

[Run stop reason]
Beam abort
Subsystem error*
Å CDC x 8
Å TOP x8
*Including repeating errors 

of the same cause

Record of daily recorded luminosity

https://www-linac.kek.jp/skekb/snapshot/daily/daily-2022/daily-2022-04.html


Example of daily machine operation
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https://www-linac.kek.jp/skekb/snapshot/daily/daily-2022/daily-2022-06.html

KEKBx 2

[Beam abort reason]
Severe beam loss
Minor beam loss
Beam loss atinjection
Pressureburst
RF
Earthquake

[Run stop reason]
Beam abort
Subsystem error*
Å CDC x 23
Å TOP x14
Å PXD x2
*Including repeating errors 

of the same cause

https://www-linac.kek.jp/skekb/snapshot/daily/daily-2022/daily-2022-06.html


Continuous injection
23

LER beam current

HER beam current

HER injection efficiency (25 Hz, 2-bunch)

LER injection efficiency (21 Hz, 2-bunch)

Injection 
at 21 Hz

Decay

ECLTRG

Injection veto

HER kicker5 ms

00:49 Jun 15, 2022

Jun 22, 2022

10%

Injection veto 
dead time
TOP busy

Dead time fraction for physics runs

12.3% avg.
last week

3/1 4/1 5/1 6/1, 2022



Injector performance
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F. Miyahara

DOE for 
1st line 
laser

DOE for 
2nd line 
laser

Discharge

Target (design):
4 nC/bunch for eςand e+ each

Major limiting factor for luminosity increase



Short beam lifetime
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Y. Ohnishi, https://kds.kek.jp/event/44562/contributions/227034/attachments/161845/208670/Lifetime_Summary.pdf

Major limiting factor for luminosity increase

Crab Waist decreases horizontal dynamic aperture. It becomes more significant with 
momentum deviation. The reason is the interference between QCS nonlinear 
Maxwellian fringe and Crab Waist sextupoles.

https://kds.kek.jp/event/44562/contributions/227034/attachments/161845/208670/Lifetime_Summary.pdf


Beam-beam performance

ÅObserved luminosity performance is much lower than 
simulations with BBSS (Beam-Beam Strong-Strong).

26Major limiting factor for luminosity increase

D. Zhou
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