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Two methods for collision control

• Beam-beam deflection (SLC, KEKB (y, x), SuperKEKB (y))

• Luminosity dithering method (PEP-II (x,y,y’), SuperKEKB (x))
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When we dither the beam with some frequency at around the peak of 
the luminosity, the dithering frequency component of the luminosity 
change becomes minimum.
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The orbit kink due to beam-beam deflection with
finite orbit offset is detected with BPM’s near IP.

Experience of collision control using beam-beam deflection at KEKB/SuperKEKB/PEP-II
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BPM’s for IP orbit feedback
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BPM resolution: ~2mm@1.6A BPM resolution: ~0.2mm@3.6A
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Feedback parameter (vertical offset at IP)

Calculated from
readings of 4 BPMS
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Canonical beam-beam kick (vertical)

In real machine parameters (KEKB)

Proportional to IP offset

Horizontal canonical kick is defined and calculated similarly.
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Feedback parameter (vertical crossing angle)
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Steering magnets dedicated for orbit FB (offset)

Vertical Horizontal/Vertical Vertical 
4 horizontal steering magnets
8 vertical steering magnets

LCCV LCCV LCCHLCCH

SuperKEKB SuperKEKB

100mrad(max) kick angle
@ SUS chamber(5mmt)
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Steering magnets dedicated for orbit FB (v-angle)

For a vertical angle bump, 8 steering magnets
are used in order to close the vertical dispersion.

IP orbit feedback

KEKB SuperKEKB

IP vertical offset Beam-beam 
deflection (used)

Beam-beam 
deflection (used)

IP vertical angle used Not used

IP horizontal 
offset

Beam-beam
deflection (used)

Dithering
(not yet used)
Slow FB to 
maintain vertex 
point is used.

SuperKEKB
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Slow and fast vertical orbit FB 

Slow system Fast system

Machine KEKB,
SuperKEKB (2018~2021)

SuperKEKB (from autumn 
2021)

FB cycle ~ 2 sec (SAD script using 
EPICS PV’s)

32kHz (Dedicated hardware)
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Slow feedback system

• Feedback method (linear prediction)

N and M are determined empirically.
N: 6, M: 48
ck’s are determined by the least square method.

Canonical kick in n-th FB cycle

Target value of canonical kick due to BPM offset (obtained by IP offset scan)

Predicted canonical kick in next FB cycle

Δy=-G*f (Δ𝑦𝑛+1)

Orbit bump height in the next cycle
Gain factor

Orbit offset corresponding to Δ𝑦𝑛+1
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Performance of slow FB (KEKB)

Spring in 2004

sy
*=~2.1mm

With FB ON
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Vertical vibration of QC1RP and QC1RE( simulation)

SuperKEKB
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Orbit change at IP with 1mm offset of QCS magnets

If QCS magnets for both ring move coherently and
the vibration amplitudes are same, orbit difference
of the two beams much smaller (1/10 ~1/2) than
the no—coherent case.
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Fast orbit feedback system
H. Fukuma

Reference: "Orbit feedback system at the collision point  by beam-beam kick", H. Fukuma, 

Lecture note of High Energy Accelerator Seminar OHO2019, 2019,  in Japanese
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Layout of the fast feedback system

H. Fukuma
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LPF: l ow-pass filter, ATT: attenuator, BPF: band-pass filter, 

Amp: amplifier, LO: local oscillator, DDC: digital down converter, 

NCO: numerically controlled oscillator）

sin

cos

Processing of BPM signal

Block diagram of  the detector

output rate  32kHz

Feedback controller

•MATLAB/Simulink

+ System Generator(Xilinx)

• mTCA module

• Feedback repetition 32kHz

H. Fukuma
16.9Mz

509Mz
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• Two input channels

i) From the feedback controller

ii) EPICS channel access

Slow DC bump

• MTCA .4 module

• Built-in EPICS IOC

Power supply controller

H. Fukuma
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Frequency response of feedback

Sampling time(Ts) 31.25ms

Time constant of power

supply and magnet (tm)
0.14ms

Time constant of eddy

current of chamber (te)
0.23ms

Delay in controller nd 3sample

Taps of FIR N 73

H( f ) = H(e
- j2p fT

s )

Disturbance rejection by PI control

20 dB reduction at 10Hz

H. Fukuma

BPM resolution: ~0.2mm@design current
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Effectiveness of fast orbit feedback

Horizontal – FFT , Vertical  hour of Time (JST)

FB ON

S. Uehara

When we switch FB from slow to fast,
the luminosity increases by a few percent
at present (2022).
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Spectrum of luminosity and vibration monitors

With slow orbit feedback 
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Spectrum of luminosity from fast luminosity monitor

Peaks at around 20 and 50 Hz exist always. Luminosity reduction due to those remaining peaks is less than 5%.

Fast orbit feedback was working. S. UeharaInjection: LER: 23Hz, HER: 25Hz
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Fast luminosity monitor

• Two complementary techniques developed at LAL and KEK:
➢ 5x5x0.5 mm3 single crystal CVD diamond sensors (CVD DS)                                                                           

pairs coupled to fast charge / current amplifiers (LAL)  (LumiBelle 2)

➢Cerenkov detector + scintillator (ZDLM group @ KEK)

positioned together outside of the beam pipe 

Detects positrons which lost energy due to radiative Bhabha process.
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Stability of target value for orbit FB (V-offset)

Target of orbit FB (v-offset) is scanned
typically once per 8-hour shift to trace
the change of the optimum value.

Target value

LER beam current

Break for regular maintenance

Target value depends on beam current.
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IP orbit scan

Horizontal ( scan RF phase of LER) Vertical (scan vertical offset at IP)

Initial target value
for canonical beam-beam
kick
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Summary

• IP orbit feedback (vertical) is indispensable to avoid a luminosity decrease.

• The beam-beam deflection method has been very successfully applied to 
both KEK and SuperKEKB.

• In SuperKEKB, a fast orbit feedback system has been developed and 
successfully used in daily physics operation.
• At present (2022), the luminosity increases by a few percent, when we switch FB 

from slow to fast one.
• When we achieve a smaller vertical emittance and/or squeeze IP by

* further, the fast 
orbit feedback may become more important.

• One of annoying issues with the orbit feedback using the beam-beam 
deflection method is the stability and the beam current dependence of the 
target value of the canonical beam-beam kick.
• We have not yet found a method to stabilize the target value.
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Thank you for your attention!

Inter-University Research Institute Corporation High Energy Accelerator Research Organization (KEK)

大学共同利用機関法人高エネルギー加速器研究機構 (KEK)
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Machine Parameters of present SuperKEKB

LER HER
Beam Energy 4.0 7.0 GeV
Circumference 3016 m
Crossing angle 83 mrad
Crab waist ratio 80 40 %
Beam current @Maximum Luminosity 1.321 1.099 A
Number of bunches 2249
Bunch current @Maximum Luminosity 0.5873 0.4887 mA
Total RF voltage Vc 9.12 14.2 MV
Synchrotron tune ns -0.0233 -0.0258
Bunch length sz 5.69 6.03 mm
Momentum compaction ac 2.98E-4 4.54E-4
Betatron tune nx / ny 44.524/46.592 45.532/43.575

Beta function at IP bx
* / by

* 80/1 60/1 mm
Measured vertical beam size (XRM)

@IP sy
*

0.224 0.224 mm

Vertical beam-beam parameters xy 0.0407 0.0279
Beam lifetime 8 24 min.
Luminosity (Belle 2 CsI) 4.65 1034 cm-2 s-1
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SuperKEKB design parameters
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Injection 

summary

23:50
Large VXD threshold
300 -> 160

CLAWS count increased.

23 Hz


