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Abstract

In ultra-low-emittance synchrotron light sources, emittance growth and shortening of the Touschek lifetime caused by
the intrabeam scattering (IBS) should be taken great concern. To deal with these problems, a bunch-lengthening using the
main and harmonic cavities had been proposed. The performance of this bunch-lengthening method is strongly affected
by the change of the RF voltages in cavities since this method sets the slope of the total rf wave to be zero at the bunch
center. In particular, gaps in the circulating bunch-train induce a voltage of transient beam-loading on each cavity, then,
the bunch-lengthening is suppressed. To compensate the beam-loading, we had proposed a method using wide-band
kicker cavity. In this paper, based on parameters of the KEK-LS, we evaluate effects of beam-loading on the kicker
cavity and instabilities caused by the kicker cavity. Based on the evaluations, we discuss optimal parameters of the kicker
cavity and propose its design.
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L. RF BENEET S, - OBEE B L — A Table 1: Parameters of the KEK-LS Used in This Study [4]

00—« > 2 (TBL) & IFEN, ZOHL%ZEML T  Parameter Symbol Value
N FMERRE UGS B, RIEAOEEFES D Beam energy E, 3GeV
g%%gf H5, Momentum compaction factor Qe 2.1893x10~*
COMEEMBIRT B, Brx DI )N — S Tlx Average beam current . 0.5A
TBL D/NX W 3 22 2 % W= {28 o &7 Beam current per bunch v I nC
JVRF ¥V AT L% RIBL 7= 3], ¥7-ZOW%TId)E  Bunchinterval Ty, 21s
IS MO S BEDF v H—EFATN Y FaIzE 7% RE frequency (fundamental) fet 500.07 MHz
r;@}— A5z ¥R L ETEEZRIC e T 5@ Harmonic number h 952
Fﬁﬁ%ﬁﬁﬁéiﬁﬁk%bto%®¢f#/ Number of bunch gaps 2
— 2RI B E R EEE & BRI S 227 - Number of buckets in a gap N, 30

72 15, %@m@/ X — X DAL P Bk 7 75 Revolution frequency Fee 525 kHz
1 VIEERBREE 572, 2 TAHXTIE KEK-Light  Synchrotron frequency fs 2.65 kHz
Source [4] DY —L/NF A —X —%ZH\WT & b Efk  Horizontal betatron tune Vg 48.58
I % w B — 28l AN - TR E A@ BEIZ DWW T S Eﬁ??‘ Vertical betatron tune vy 17.62
5, FRHEBERTOXF Y H—EHEDOTFHFL T Longitudinal damping time Ts 22.63 ms
WTHEENT S, Horizontal damping time T 29.25 ms
Vertical damping time Ty 38.28 ms
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Table 2: Parameters of the Double RF System [3]
Main RF  Harmonic RF

Parameter

RF Voltage 2.5 MV 777 kV
Synchronous phase 1.178 rad -1.708 rad
Tuning angle -0.962 rad 1.433 rad
Total R/Q 875 Q 386 Q
Total shunt impedance 35MQ 14.48 MQ
Cavity coupling coefficient 3.5 0.27
Total reflected power 0.4 kW 11.4 kW
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Table 3: Parameters of the Kicker Cavity [3]

Parameter Value
Frequency 500 MHz
Coupling coefficient 399
Loaded @ 100
R/Q 175 Q
3-dB bandwidth 5 MHz
Cavity voltage (V) 45 kV
;>: 60¢ Gap Gap
T A /\
8 L
2/ \
s | |
0
A
/ )Y /

—20& -
v \/ — Cavity voltage
C — TBL voltage
0 500 1000 1 5100 2000
Time (ns)

Figure 1: Voltages induced in the kicker cavity. The black
line shows a required RF voltage (V) for compensating
the TBL in case of the KEK-LS. The red line shows the
estimated beam-induced voltage (V}).
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Figure 2: Correlation between AV, and R/Q.

Table 4: Upper Limit of the R/Q) to Realize the TBL Com-
pensation for the KEK-LS [3]. The Afis Set to be 5 MHz

Resonance frequency R/Q (2)
500 MHz 175
1.0 GHz 88
1.5 GHz 58
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Figure 3: Correlation between P, and R/Q).
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Figure 4: Maximum growth rate of the cavity-induced lon-
gitudinal coupled-bunch instability as a function of the res-
onant frequency.
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Table 5: Proper Parameters of the Kicker Cavity Under the
Af =5MHz, the V; =50kV and 8 =399

Parameter 0.5 GHz 1 GHz 1.5 GHz
R/Q () 175 88 58
AV, (kV) 5.4 5.4 5.3

P, (kW) 35.7 35.5 35.9

P. (kW) 0.35 0.35 0.36
De-tune Yes Yes No
Xy A—ZEHAD 3 MG ERT, Fvh—2EIE

ZSRAAME, SR — L8 TG T 720D T —
=Y =L)AL T, RFEASTDZHD 2 KD WR-
650 RIENRAE  SIRE— RNZ2RINT B7-bD~ 1 2
ORI A D SR S 5,

Figure 5: 3D view of the 1.5 GHz kicker cavity.
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Figure 6: Frequency dependence of the coupling

impedance of the kicker cavity.
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Table 6: Parameters of the Designed Kicker Cavity Under
V. =50kV

Parameter Eigenmode  Frequency domain
Frequency 1.50001 GHz 1.50003 GHz
R/Q 59.23Q 59.54 Q)

Q 16853 16814

QL 296 291

P, 2.52 kW 2.53 kW
Max power density ~ 26.6 W/cm? 25.1 W/em?
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