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SuperKEKB Accelerator
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• Electron(7GeV) – positron(4GeV) double-ring collider
• Successor project of KEKB B factory
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Collision Scheme  - Nano Beam Scheme -
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- Collision with a large crossing angle in the horizontal plane.
- Realize narrow overlap region to realize small by* while avoiding hourglass effect.
- It is equivalent to head-on collision with small bunch length

Top view Seeing from a different coordinate system
�e↵ective
z = �⇤

x/ sin(�c/2)
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Crab Waist Scheme with FCC-ee Style

5

Oide, K., et al., 2016,
Phys. Rev. Accel. Beams 19, 111005.

- Vertical local chromaticity correction (Y-LCC ) consists of 2 pairs of sextupole magnets.  
- Crab waist scheme introduced by applying different strength of sextupole field to these magnets. 
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Operation Summary
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LER
= Positron ring

HER
= Electron ring

Peak luminosity L = 3.12⇥ 1034 cm�2s�1
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Machine Parameters
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Specific Luminosity and Bunch Current
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- CW enables collision operation at high-bunch-current region.
- CW also reduces beam background as predicted by numerical simulations.
- Currently, bunch intensity in LER is limited by transverse-mode-coupling instability (TMCI) due 

to impedance of narrow beam collimators.
LER Collimator Impedance
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LER Vertical Tune

vertical tune shift : -0.013 (1/mA)

Σ βy κ = 36 (V/pC) on June 30

fs = 2.3325 (kHz)*

* measured value (M. Tobiyama)
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= 1.6 mA > 0.9 mA (measured)

The measured threshold is much lower than expected. 
The kick factor is estimated by using GdfidL simulator. 

Transverse Mode Coupling Instability (TMCI)

collimator 
opened (for test) 

CGLOPT:SUM:BETA_KICK:V

Simple TMCI formula can not explain it.

"TMCI" threshold

Injection bunch charge : 2 nC

nb= 97 bunches

LER bunch current (mA)
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Luminosity Tuning
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Overview
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- Many trials were performed to improve machine performance.
- Vertical offset at IP 
- Vertical crossing angle
- Waist position 
- Betarton-coupling at IP
- Chromatic Betarton-coupling at IP
- Vertical dispersion at IP
- Bunch by bunch feedback
- Betatron tunes
- Collimator aperture
- etc.

Example: Luminosity scan with vertical waist position

- Some of them are routinely changed to keep the performance during physics run. 
- Some important parameters is shown in the following slides.  
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Vertical Crossing Angle
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- Importance of vertical angle was recognized June 20, 2019. (by*=3mm)
- We applied vertical orbit bump to control vertical crossing angle at IP in LER.
- After the optimization specific luminosity was improved by ~20%. 
- It also reduces beam background.

Vertical orbit bump at IP in LER

IP
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Vertical Beam Size at IP
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- R1-4 parameters characterize Betatron(XY)-coupling as,
Coupled coordinateDecoupled coordinate

- Ds represents vertical waist shift. 
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- Exact values of R1-4 and Ds can not be well determined by beam measurement. 

- Tuning of these parameters mainly relies on luminosity or beam size monitors.
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No XY-coupling
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Luminosity Scan with XY-Coupling Knobs
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Corrector: X-Y Coupling and Vertical Dispersion

5

Skew Q-like corrector coils are installed for each 
sextupole (SD).N

N

N
S

S
N Skew Q generates X-Y couplings. 

X-Y couplings can be corrected independent of physical 
vertical dispersion (vice versa). 

X-Y coupling corrector Dispersion corrector

-I' -I'-I' -I'
SD SD SD SDSF SF SF SF

-I' -I'

physical ηy
physical ηy

same sign of K1 opposite sign of K1

SF SFSF SF

R1,R4

R2

R3R3

R2

R1,R4

K1s K1s

+ K1s

- K1s

- R1-4 parameters and vertical dispersion are controlled by skew quadrupole coils of 
sextupole magnets.

- These parameters are routinely adjusted by observing machine performance.

Knob Setting Panel Scan History Panel
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XY-coupling Correction with QCS Skew Quadrupole Coils

14

- In the early stage of luminosity tuning, the R2 knob hits hardware limit of the correctors.
- We suspected that there is large XY-coupling error localized in the vicinity of IP.
- Global optics correction can not seem to detect this localized error.
- We changed R2 at IP with skew quadrupole correctors of final focusing quadrupoles (QCS).
- Asymmetrical excitation of left- and right- sides of QCS correctors is applied 

so that degradation of global optics can be correctable by global optics correction.  
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XY-coupling Correction and Beta-Squeezing

15

- Before XY-coupling correction at IP, specific luminosity was not improved by beta-squeezing.
- Specific luminosity is basically inversely proportional to by* if nano-beam scheme can truly 

avoids the hourglass effect.
Vertical beam size

obtained with vertical offset scan
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XY-coupling Correction and Beta-Squeezing

16

- Specific luminosity was improved and inversely proportional to by* after correction of localized
error in the interaction region (IR) such as a waist shift, local XY coupling at the IP and so on.
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Specific luminosity and by*

Bunch length �z ⇠ 6 mm
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History of Knob Values

17

- R1 and R2 are effective to 
luminosity performance.

- Vertical dispersion is also effective for 
beam size control.

- The optimum R1 and R2 values are 
almost constant if QCS skew 
quadrupole correctors are fixed.

- R3 and R4 are not so effective to 
luminosity performance, but these 
parameters affect beam background.

QCS corrector strength was changed.
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Y. Suetsugu

Chromatic XY-Coupling Correction (Ch-XYCC)

18

- Numerical simulations indicate Ch-XYCC will effectively suppress beam blow up.
- We tried Ch-XYCC in two different ways,

(a) Rotatable sextupole magnets (We can change their angles remotely)
(b) Adjusting  skew quadrpole coils of sextupole magnets during luminosity run.

- Effect on luminosity performance is still not clear.  K. Oide

Table 2: IR Magnet Tolerances Evaluated at r = 50 mm 
Magnet Mag. B or B’ B3/B1, or B6/B2 

Dipole 0.112/0.223 T 1%@50mm 
Quadrupole 2.04 T/m 0.5%@50mm 

 

FIELD MEASUREMENT RESULTS 
The field strength and uniformity of the magnetic field 

are evaluated using long flip-flop coil and harmonic coil 
measurements.  The effective lengths and longitudinal 
field profiles are evaluated using a small flip-flop coil, 
which moves along the longitudinal direction.  The mag-
netic field evaluation was carried out on the recycled 
magnets, which are operated at higher currents than at 
KEKB, and also for the new magnets. The field strength 
variation among the magnets connected to the same pow-
er supply must be small.  Figures 3 and 4 show the inte-
grated field strength variation among the LER dipole 
magnets and the wiggler magnets. The standard devia-
tions are measured to be 2u10-4 for the LER dipoles, 
which is sufficiently small.  The wigglers vary more in 
strength, with a standard deviation of ~1u10-3.  This larg-
er variation was expected as the wigglers are much short-
er than the dipoles, as seen in Table 1. This variation is 
not a problem, since the errors can be compensated for by 
optical correction during beam operation. 

 
Figure 3: Field strength variation of the LER dipole mag-
nets. 

 
Figure 4: Field strength variation of the wiggler magnets. 

 

Higher order multipole components were measured with 
the harmonic coil system and found to satisfy the re-
quirements. As an example, the higher order components 
of the new IR quadrupole magnets are shown in Fig. 5. 
 

 
Figure 5: The measured higher order multipole compo-

nents of the IR quadrupole magnets are plotted against the 
multipole order.  Blue and red solid circles correspond to 
I=300 A and 500 A, respectively.  The tolerance is indi-

cated by the red dotted line. 

 The magnet fabrication and field measurements went 
smoothly for the most part, though there was a water leak 
caused by bad silver alloy brazing.  The magnet data, the 
excitation curves and the effective lengths obtained from 
the field measurements were installed in the database in 
time for beam commissioning. 

TILTING SEXTUPOLES 
Skew sextupole magnets were found to be very effec-

tive in controlling the X-Y coupling at the IP during 
KEKB operation [5]. At SuperKEKB, the ratio of the 
skew and normal sextupole field will be controlled by 
tilting the sextupole magnets.  The required range of the 
tilt is r30 degree (~523 mrad), corresponding to 0~100% 
skew field. 

 
Figure 6: Sextupole on the tilting table. 
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Difficulty in Further Tuning
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QCS SC magnet system 

2019/07/08 SuperKEKB Review 2019 3 

83 mrad

Helium Vessel
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Leak field 
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4 SC main quadrupole magnets: 1 collared magnet, 3 yoked magnets 
16 SC correctors: a1, b1, a2, b4 
4 SC leak field cancel magnets: b3, b4, b5, b6 
1 compensation solenoid 

4 SC main quadrupole magnets: 1 collared magnet, 3 yoked magnets 
19 SC correctors: a1, b1, a2, a3, b3, b4 
4 SC leak field cancel magnets: b3, b4, b5, b6 
3 compensation solenoid 

- Improvement from linear orbital and optical parameters looks saturated.
(Or we may be trapped by local maximum?)

- IR has many tuning knobs for non-linear parameters, but its generally affects 
linear parameters and we do not 
have a clear path for the optimization.

- Changing theses parameters evolves
additional machine tuning and
reduces integrated luminosity.

- Even keeping the present machine 
performance is not so easy.

- The stability and reproducibility
is a practically urgent issue.

N Ohuchi
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Summary

20

- Owing to trial and error on many machine tuning, SuperKEKB shows that 
luminosity can be improved by beta-squeezing while avoiding hour-glass effect .

- The highest peak luminosity so far is 3.12x1034 cm-2s-1 (June 2021).

- Effect of linear orbital and optical parameters on luminosity was well studied 
through the past machine tuning.

- Beam-beam parameters is about 0.03, which is much smaller than expected.

- The stability and reproducibility is a practically urgent issue.
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