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Abstract

In the low energy ring (LER) for positrons in SuperKEKB, an unexpected vertical beam-size blow-ups have been
observed at approximately 1.0 mA/bunch even though with very small number of bunches, which is 31-bunch in the ring,
for instance. This bunch current threshold depends on apertures of vertical collimators, thus this single bunch instability
can be caused by the impedance in the vertical direction. The threshold of this instability in the actual machine is smaller
than that of an ordinary transverse mode coupling instability (TMCI) obtained by calculations by approximately 30% or
more. Therefore, we have reconstructed the impedance model and simulated the single bunch dynamics with the wake
potential. This paper summarizes the updates of the impedance model and results of the beam dynamics simulations using

PyHEADTAIL.
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Figure 1: Vertical dipole wake potential in a vertical
collimator with a half aperture of 1 mm obtained by GdfidL.
or ECHO3D. The dx, dy, and dz refer to the mesh size in
the horizontal, vertical, and longitudinal direction,
respectively. A window-wake scheme was adopted in the
calculations with GdfidL. The used versions are 210701 in
GdfidL and 1.3.070620 in ECHO3D.
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Figure 2: Cross-sectional view of QCSR cryostat. QCSR
refers to a final focusing magnet system located upstream
from the interaction point for the positron beam.

Figure 3 1213 QCSR 11T 5% QCS l: A/\% 7D
B L ﬁﬁﬁﬁﬂ%ﬁw)%@ BT 5 &E
TELJT 18 BREE (B ) 12 mf7m/rL1w50®%ﬁ
ZA T QCSR & RAHMANZH % QCSL b, fHZesIc
BIL 2T omiEicZzz> T\, QCS I
B BB, 3B 2L DAL ERE D, 2022 L
TEIFEICB; =1 mm CTEEFEEHZ L TWV2505, 2D

PASJ2022 FRP009

k?@@ER BT 2B, DFIHEIZH 403 m TH 5,
FERIICERGHED By =027 mm £ TR DAL &, %

@?%@@1mMnm§&%o

QCS2R | QCSIR /™
2500
2000
1500 /
/

Figure 3: Half aperture of a QCS beam-pipe and vertical
beta-function with each vertical beta-function at the
interaction point as a function of the longitudinal location.
The positron beam travels from left to right in this plot
(horizontally reversed with respect to Fig. 2).
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Figure 4: Welding part at a flange (left) and a BPM-block
(right) in an aluminum alloy beam-pipe with antechambers.
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Figure 5: Longitudinal wake potential for main
components contributing to the loss factor and the bunch
distribution of o, =6.0 mm.
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Table 1: Summary of Longitudinal Impedance in LER for

0, =60 mm. k,, R, and L refer to the loss factor,
resistance, and inductance, respectively.

Component k, [V/IpC] R [Q] L [nH]
ARES cavities [12] 95 6719 -84
Resistive wall 30 2124 21.6
Flanges (HELICOFLEX) 1.0 70.0 -0.7
MO-flanges [18] 0.02 14 52
Welding-gaps 0.0 0.26 14
Comb-type bellows [16] 09 66.3 53
Long. feedback kicker [13] 0.8 57.6 -0.8
Clearing electrodes [20] 0.02 1.7 24
Vertical collimators [2] 0.1 8.2 59
Horizontal collimators [2] 0.3 17.6 5.6
Tapered beam-pipes 09 62.3 1.2
QCS beam-pipes [10] 0.07 5.1 0.6
Others 1.59 11584  1.79
Total 18.2 1290.6 4249
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Figure 6: B, weighted vertical dipole wake potential for
main components contributing to the kick factor in g}, =1
mm and the bunch distribution. In the legend, DO6V1,
D02V1, D0O6V2, and DO0O3V1 are vertical movable
collimators. DO2H3 is s horizontal movable collimator. d
refers to a half-aperture of each collimator. IP chamber is
a X-shaped beam pipe at the interaction point.
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Figure 7: Total f, weighted vertical kick factor for each
By with o, =6 mm.
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Table 2: Main Machine Parameters for the Simulation

Circumference [m] 3016.3
Beam energy [GeV] 4

RF voltage [MV] 9.12
Harmonic number 5120
Bunch length at 0 mA [mm] 461
Synchrotron tune 0.0233
Momentum compaction factor 2.98x10*
Energy spread 7.52x10*
Vertical chromaticity 1.5344
Averaged B, in the ring 19.05
Longitudinal damping time [ms] 22.8
Vertical damping time [ms] 45.7
Normalized vertical emittance [nm] 27397
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Figure 8: RMS bunch length (left) and energy spread
(right) as a function of bunch current with or without CSR
and CWR.
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Figure 9: Comparison of vertical tune shift between
measurements and simulations.
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Figure 10: Real part of normalized vertical mode-
frequency shift obtained by summing the first ten modes.
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