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Abstract

Collimator damage events have occurred in SuperKEKB. Since the beam background reduction capability is reduced
after an event of collimator damage, it is now recognized as a major problem. To counter this problem, we began
developing a durable collimator. As the first prototype of a durable collimator, a collimator head made of graphite (low-
Z collimator) was installed. However, the low-Z collimator was removed because of its high impedance, which was one
of the causes of beam size blow-up. Next, a hybrid collimator using both tantalum and graphite for the collimator head
was designed and installed as a low impedance and durable collimator. The hybrid collimator was confirmed during
accelerator operation to have sufficient beam background reduction capability, lower impedance than the low-Z collimator,

and to contribute to stable operation.
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Figure 1: Low-Z collimator.
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Figure 2: Location of collimators in the main ring of
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Figure 3: Image of collimator damage when beam hits
collimator.
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Figure 4: Beam background before and after the event of
the damaged collimator jaw.
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Figure 5: (a) Collimator jaw damaged by beam and (b) that
located on the opposite side of (a) where the melted
materials are deposited on the surface.
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Figure 6: Beam background versus collimator gap after
collimator damage event.
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Figure 8: Sample of bonding test for hybrid collimator.
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Table 1: Setting With Head Length

Case 1 Tantalum 5 mm (2021 ab run)
Case 2 Tantalum 0.3 mm + Graphite
Case 3 Tantalum 1 mm + Graphite
Case 4 Tantalum 2 mm + Graphite
Case 5 Tantalum 3 mm + Graphite
Case 6 Tantalum 4 mm + Graphite

H Coulomb = Bremsstrahlung| ‘ -] ‘
100 : : : 5 : : : 100
- — = 800 ol
. . . as
= 2 2 60"
S ke <
g £ g 40
B 3 3
m | M | M

(b

3]
S (=]

(c)

Figure 9: Calculated beam losses at IR due to (a) Coulomb scattering, (b) Bremsstrahlung, and (c) Touschek effect for six

cases in Table 1.
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Table 2: Parameters with Simulation of Beam Irradiation
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Figure 10: Volume of tantalum whose temperature exceeds
the melting point of tantalum when the beam hits the
normal collimator and the hybrid collimator.
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Figure 11: The change of beam backgrounds signal when
gap of the hybrid collimator was changed.
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Figure 12: Daily maximum stored beam current (blue circles), beam currents (black diamonds) and beam backgrounds
(red triangles) when the sudden beam losses occurred, and frequency of (QCS) quenches per week (light blue bars) during

the latest run from 1st March to 22nd June 2022.
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