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Crab Waist𝛽∗ 1𝑚𝑚 1st Long shutdown
(LS1)SuperKEKB Operation History
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Operation Statistics
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Beam-Beam Parameter and Specific Luminosity
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⚫ : physics run

: HBC - High Bunch Current Study (393 bunches)

Crab Waist ratio is 0 %
data from 2019.

The CW improved luminosity.
Data without CW was not the same period as CW data. 
We will confirm the luminosity gain in the next operation.
Also the CW ratio will be optimized by lifetime and luminosity gain.
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Machine Parameters

 Sudden beam loss and damage to the vertical beam collimators
• Damaged collimator(s) increases transverse impedance, which makes the 

threshold of TMCI much lower.

• Not easy to increase the bunch current.

 Beam blowup in the LER
• Some (or most) of the sources might be coming from the higher transverse beam 

impedance.

 IR Optics (βy*) modulation due to stored current (HER)
• Beam-line deformation, especially around the strong sextuplole magnets.

 Shorter beam lifetime, especially in LER

 Injection efficiency and stability of the injector
• Emittance growth coming from beam transport line

• Injection background
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Long Shutdown 1
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(LS1) upgrade for Injector

 High-speed pulse kicker magnets at the J-ARC and the sector 5 to control 
the orbit of two bunches independently.

 Large aperture pulse Q magnets at the entrance and exit of J-ARC to 
optically match the low-emittance e- and e+(primary high charge e-) beams 
independently.

 Four large aperture pulse Q magnets in the sectors 1-2 to make optical 
matching for both high energy e- and low-energy e+ beams and to reduce 
the emittance growth consequently.

8



HER injection line physical aperture

9



TMCI Observation at SuperKEKB
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Tune measurement: 
side band was observed 
at high bunch current. 

2020

𝜈 0.0233Δ𝜈 /Δ𝐼 0.02286𝑚𝐴
Beam loss
during injection

We observed TMCI at SuperKEKB when we used a carbon head for one of the vertical collimators.
The tune shift was similar to the synchrotron tune and the threshold was 0.85 mA/bunch. (2020) 

We control the vertical collimator aperture to keep the tune shift less than half of 𝜈 .
The TMCT threshold becomes 1.7 mA/bunch in the LER for the normal operation.

Simulation: PyHEADTAIL (Δ𝜈 /Δ𝐼 ∼ 𝜈 /2)

LER

* We replaced the carbon head with tantalum after this experiment.T. Ishibashi

single bunch operation



Single Bunch Tune Shift and Impedance
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Tune shift is equivalent to impedance. Larger circumference (larger T0) makes larger tune shift.

→ / 0.2 𝑝𝑠/𝑘𝑉 for SuperKEKB

Kick factors of vertical collimators are calculated by GdfidL (and ECHO3D).

LER

damaged
collimator

The vertical collimators contribute approximately 70 % 
of the total impedance.

0.9 mA/bunch ∑𝛽 𝜅 33.3 𝑘𝑉/𝑝𝐶

collimator
close

open

BxB FB ON

BxB FB OFF

BxB FB ON
after tuning

Vetical beam size blowup was observed at much smaller than the TMCI threshold
"-1 mode instability" ← impedance and BxB FB tuning

nominal
operation

other
impedance



Non-linear Collimator
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Sudden Beam Loss (SBL)
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Damage of collimator head
Beam becomes unstable suddenly at high beam current. 
Beam loss can lead to severe damage on collimators or final focus magnet (QCS) quench.

LER beam current : 1.4 A
number of bunches : 2249
luminosity : 4.58 x 1034 cm-2s-1

Beam loss within a few turns 
without large oscillation before the loss.

M. Aversano

Horizontal
position

Vertical
position

Bunch
current

Amount of
beam loss

1 turn LER

Fireball hypothesis

T. Abe at al., RF breakdown trigger, PR-AB 21, 122002, 2018.

Copper coating of collimator head will be effective if different sublimation point is problem.
Trigger source can be collimator head.
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We never expected the collimator damage before the commissioning.

Vertical Collimator

top

bottom

There are many dusts.



Synchrotron Radiation at Strong Sextupole Region in HER
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SLYTLE2 SLYTLE1

dipole magnet
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QLY2LE.2

QLY2LE.1

SAD k64 Ver.1.2.6

source

7 GeV electron
inner

outer

The sextupole magnet does not touch
the beam pipe. 

So, the sextupole does not move due to
the beam pipe deformation.

Beam pipe pushes quadrupoles with BPM,
they move due to intense SR heating.

strong
sextupole

strong
sextupole

BPM readings (Horizontal)

1 kW/m/A !
Beam current

vacuum pipe
diameter: 80 mm
with ante-chamber: 110 mm
height: 14 mm ( 7 mm)



BPMs, Quadrupoles, and Sextupoles 
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Crab Sextupole in the HERBPM and Quadrupole Magnet

Gap sensor measures Δ𝑥,Δ𝑦 between BPM and sextupole.
Relation between BPM and quad. does not change. (see left fig.) 

BPM is fixed at quadrupole magnet and displacement monitor measures relative deviation (horizontal and vertical) 
between the BPM and the sextupole magnet.

BPM

The beam pipe (BPM) is fixed to the quadrupole magnet.

Quad. moves like yaw 
and horizontal shift
if BPM pushes quad. 

BPM





ITF
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Recent status

 HER new injection chamber has been installed successfully.

 OHO NLC elements, such as skew sextupoles, new vacuum 
chambers, lead radiation shield after vertical collimator have 
been installed successfully. OHO concrete radiation shield have 
been restored. Additional concreate shield will be installed 
soon.

 QCS-L (backward) has been restored. L-side magnets, vacuum 
chambers are also restored.

 First trial of QCS-R (forward) insertion failed. 
• Found (not negligible) interference between RVC and cable support of VXD. Also 

seems to damage RVC structure.

• DESY group has quickly prepared modified RVC gear not to interfere cable 
support. 

• Up to now, operating ring in December will not be easy (almost impossible).
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Summary

 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 serious challenge to increase luminosity 
and beam current, up to now.

 Many other challenges:
• Vertical beam size 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.

 International Task Force for SuperKEKB upgrade
• Beam Tuning, Collective Effect, Beam Injection, Sudden Beam Loss, IR Upgrade 

subgroups are actively on-going. 
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