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Abstract

SuperKEKB requires a small vertical beam size at the interaction point (IP) and a higher beam current to achieve higher
luminosity. One of the challenges is how to manage beam backgrounds for the Belle II detector.  Several sets of movable
collimators are used to reduce the beam backgrounds. When the distance between the collimator head and beam position
is too small, an impedance effect may induce beam instabilities. Thus, we decided to adopt a nonlinear collimator to
reduce the beam backgrounds for the Belle II detector as well as to reduce the collimator impedance, then the beam
instabilities due to the short-range wake field can be suppressed. The nonlinear collimator has been utilized since February
2024. 1 the article, we report the results of impedance effects, beam backgrounds reduction, and beam lifetime when the
nonlinear collimation system is turned on and off, respectively.
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Figure 1: Layout of design lattice for NLC.
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Table 1: Design Parameter of NLC

Parameters Units Values

B functions of SNAP (By.ys) m 7.08/378.5
B functions of DOSV1 (By. yc) m 3.55/4.05
Components of transfer matrix b/'w | m 3.11/37.2
SNAP and DO5V1 (R33/R34)

Strength of SNAP (K,) m? 6.00
SNAP effective length (Lg) 0.335
SNAP pole tip field (Bs) T 0.71
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Figure 2: Location of collimators in the main ring of
SuperKEKB. The terms H and V in the collimator names
represent the horizontal and vertical collimators,
respectively.

Table 2: Example of aperture in 14/Mar/2024. HG means
half gap, o, means vertical beam size.

Collimator By [m] HG HG/a, Byikyi
(Magnet) [mm] [ o] [E15V/C]
QCIRP 764 13.5 109.2

D02V1 11.9 1.1 70.8 12.90
D06V2 20.6 1.8 88.7 10.66
DO6V1 67.3 2.4 65.4 22.63
DO5V1 4.05 3.6 65.4" 0.73

*): effective collimation capability in units of o,
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Figure 3: Comparison of lifetime when SNAP is turned on
(SK2=-6) and off (SK2=0). The vertical axis is the
measured lifetime divided by the square root of the
emittance.
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Figure 4: Comparison of injection efficiency when SNAP
is turned on (SK2=-6) and off (SK2=0).
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Figure 5: Comparison of storage BG when half aperture is
equal between DO6V1 and D05V
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Figure 6: Comparison of BG including injection beam
when half aperture is equal between DO6V1 and DO5V1
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Figure 7: DO5V1 half gap versus D06V 1 half gap. Change
of half gap at DO5V1 considering the effects of injection
oscillation when changing 3, at SNAP.
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Figure 8: BG including injection timing versus half
aperture. DO5V1 half aperture considers the effects of
injection oscillation.
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Figure 10: Comparison of LER vertical tune shift when
half aperture is equal between D06V1 and DO5V1.

Table 3: Measured and Calculated Value of LER Vertical
Tune Shift

Collimator setting [Measured Av,, Calculated Av,
[/mA] [/mA]

D06V 1=650 0.0097 0.0092

DO05V1=65¢ 0.0059 0.0055
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Figure 11: Comparison of bunch current threshold of
VBSB when half aperture is equal between DO6V1 and
DO5VI.
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Figure 12: Radiation in Oho-lab versus beam current.
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