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Abstract

The Phase-3 commissioning of SuperKEKB accelerator has been started. In the electron ring of SuperKEKB, eight
superconducting cavities (SCC) developed for KEKB accelerator are operating. All SCCs almost reproduced the
performances of Qg and the maximum cavity voltage of Phase-2 without degradation. In the operation of SCC, the cavity
voltage is calculated using the monitor power by the cavity pickup port and the external Q value (Qex) of the pickup port
obtained in vertical test of the cavity cell before assembling in cryostat. The cavity voltage is also gotten from the input
power and the loaded Q value (Qv) of cavity assembled in cryostat. In several cavities, there are differences between the
cavity voltages calculated using Qcx and using Q. In the Phase-3 spring run 2019, calibration study of the individual
cavity voltage by the synchrotron frequency measurement of the beam was performed. From the results of the study, we
obtained the individual calibration factors of cavity voltage for each SCC.
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Figure 1: Cross-sectional view of the superconducting
cavity module of SuperKEKB. The cavity is made of

niobium. The input coupler is a coaxial type antenna. The
cavity voltage is monitored by a pickup port.
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Table 1: SCC-related Parameters
Parameters SI()II;iI;)g(irnllllI;IIZl(i)lr9 SuperKEKB
measured) (design)
Number of SC cavities 8 8
Loaded Q (Qr) 4.6 -7.2 x10* 5 x10*
Qoat 1.5MV 1.0 -2.8 x10° 1 x10°
Ve.limit [MV] 2.0-25MV -
Beam current [A] 0.94 2.6
Bunch number 1576 2500
Beam power [kW/cavity] 210 400
RF voltage [MV/cavity] 1.35 1.5
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Table 2: Example of Difference of Vc

Ve calculated from

Parameters Pickup port Input power
power and Qext and QL
R/Q[Q] 92.9
Input Power [kW] 50
: cht . QL N
Qexcoffpickup port/ Q4 (63«1 10 4.60 x10*
Calculated Ve [MV] 0.84 0.92
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Table 3: SuperKEKB HER Operation Parameters

factor, frep : B AT RLF—

Parameters SuperKEKB HER (design)
Ey [GeV] 7.007
circumference [m] 3016.31

frev [kHz] 99.39

frr [MHz] 508.88
harmonic number 5120

a 4.54 x10

Uy [MeV] 243
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Figure 2: Schematic view of Vc calibration method by
measurement of f;. BaseVc is vector sum of 4 cavities.
The Vc is a cavity voltage of a target cavity of the
calibration. Vc.tot is vector sum of BaseVc and Vc. The
change of f; is enlarged by changing RF phase of V¢ in
around 180 degrees.

Table 4: Vc Setting and Calculated f;

Parameters S[E/tl\\//]c Se[tl\z/\c/.]t ot C[Zlec'gﬁs C[ilflzqu
aazzi’i%es) 60 60 661  1.69

:atv acccel. phase) 78 78 (fsl-flzx)
Er?)/f 180 deg.) 18 42 4.6 (fsl,i‘i‘n)
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Figure 3: Example of measured f; as a function of RF
phase of the cavity voltage Vc. fs i and fsmin Were

obtained from fit results.

Table 5: Measured f; and Obtained Vc

Parameters fs Ve.tot Ve Ve/
[kHz] [MV]  [MV]  setVc
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Table 6: Summary of Calibration Factors Obtained by f; Measurement and Calibrated Vc
‘ Total Vc

Cavity ID D10A D10B D10C D10D D11A DI11B D11C D11D [MV]
Calibration Factor 0.977 0.910 0.998 0.946 0.894 1.094 0.878 0.934

Set Ve [MV]

@Phase 3 spring run 2019 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 10.8
Calibrated Ve [MV] 1.32 1.23 1.35 1.28 1.21 1.48 1.19 1.26 10.3
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Figure 4: Leakage current of piezo actuator. (a) Unit test
of piezo actuator in the Air with/without silica gel, (b)
Trial of attaching silica gel to piezo tuner in the tunnel.
Drying is effective to reduce leakage current.
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