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Abstract

Collimators are major sources of transverse impedance in storage rings and can drive beam instabilities such as the
Transverse Mode Coupling Instability (TMCI). We investigate how collimator geometry affects wakefields using GdfidL
simulations, focusing on exponential tapers, hollowed jaws, and asymmetric layouts. Applying these to the Low Energy
Ring (LER) of SuperKEKB, we evaluate their impact with PYHEADTAIL simulations. The results show that a hollowed
exponential taper with an asymmetric configuration significantly reduces the dipolar kick factor and raises the TMCI
threshold, offering an effective strategy for impedance mitigation.
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Figure 1: Simplified collimator model with symmetric set-
ting.
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Figure 2: Dependence of loss, vertical dipolar, and
quadrupolar kick factors on recessed depth (o, = 6.0 mm).
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Figure 3: Dimensions of the simple one-side (asymmetric)
collimator model with linear taper.
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Figure 4: Wake potentials (longitudinal, vertical dipolar,
and quadrupolar) for both-side and one-side layouts (o, =
6.0 mm).
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Figure 5: Simulation model of the vertical collimator in
the SuperKEKB LER with ¢ = 2 mm.
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Figure 6: Longitudinal, vertical dipolar, and quadrupolar

wake potentials for each geometry in the SuperKEKB LER

collimator (o, = 6.0 mm).
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Table 1: Aperture settings of vertical collimators and the
QCIRP beam pipe during the 2024 autumn physics run.
Values are given in millimeters and as multiples of oy.
Kick factors are evaluated for o, = 6.0 mm.

Name S, [m] Aperture [mm] oy Bykya [10'° V/C]
QCIRP 764.0 +13.5 69.1 4.66
D02Vl 11.9 +1.2 49.2 7.41
DO6V1 674 +2.2 37.9 16.17
D0O6V2  20.6 +3.0 93.5 3.18
D0O5V1 4.05 -2.5 34.4 0.76
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Table 2: Main machine parameters used for PyHEADTAIL
simulations with 57 = 1.0 mm optics. Damping times T,
Ty, and 7, correspond to the horizontal, vertical, and lon-
gitudinal directions, respectively. The average 3, excludes
the high- 3, region near the interaction region.

Circumference [m] 3016.3
Beam energy [GeV] 4

RF voltage [MV] 9.12
Energy loss per turn [MV] 1.52
Harmonic number 5120
Bunch length at 0 mA [mm)] 4.54
Synchrotron tune 0.0233
Momentum compaction factor ~ 2.98 x 1074
Energy spread at 0 mA 7.52 x 1074
Vertical chromaticity 1.53
Average 3, [m] 19.1

Damping times 7y /7y /7, [ms] 53.0/53.0/26.5
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Figure 7: Bunch length o, and energy spread o as a func-
tion of bunch current for each mitigation scenario.
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Figure 8: Real part of vertical coherent mode frequency
versus bunch current: (a) 2024 physics run, (b) hollowed
exponential taper with one-sided layout.
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Figure 9: Total §,-weighted dipolar kick factor at o, =
6.0 mm and corresponding TMCI threshold obtained by
PyHEADTAIL for each mitigation strategy.
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