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Abstract

A design study of the radio frequency system for 2.5/5.0 GeV energy switchable high-brightness storage ring is being
conducted. This ring must be equipped with a high-power RF system for beam operation at 5 GeV, 200 mA and a fundamental
cavity system to maintain beam stability at 2.5 GeV, 500 mA. From this requirement, we consider a damped cavity employed
for the Super KEKB Damping Ring is a candidate due to it’s features both high excitation cavity voltage and strong high-order
mode damped performance. The 2.5 GeV opetation of this ring also require a bunch lengthening system to mitigate the intra
beam scattering and to suppress the unstable beam motion caused by transverse mode-coupling instability. In response to this
request, a feasible study of 1.5GHz-harmonic rf systems using normal conducting TM020 cavity and super conducting TM010
cavity is evaluated based on theoretical consideration of conventional longitudinal coupled-bunch instability. As a result, in
terms of beam stability, the solution using a normal conducting cavity is still possible, but it is confirmed to be of a disadvantage

in comparison to a superconducting cavity.
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Table 1: Main RF Parameter for PF-HLS Ring

RF frequency [MHz] 500.0
Harmonics number 1250
Beam Energy [GeV] 5.0 2.5
Stored current [mA] 200 500
Radiation loss [MeV/Turn]
Bending magnets 3.56 0.22
Insertion devices 1.52 032
Fundamental RF voltage, V. [MV] 6.5 1.6
Cavity number 10 3
RF power [kW] 1,956 499
Beam load power [kW] 1,015 306
Dissipation power, P. [kW] 939 190
Input RF coupling factor 2.2 2.2
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Table 2: Cavity Parameter of Fundamental and Normal/Super-
conducting (NC/SC) Harmonic Cavities for Bunch Lengthen-
ing System Design Study

Comment FC NC-HC  SC-HC

Resonant frequency [MHz]  500.0 1,500.0

Quality factor 30,000 31,400 1 x 10°

R/Q per cavity [€2] 150 68 160

(Rs = VZ/Pc)

Input RF coupling factor 22 0.0 99
FIEEMERE R X 7 v AW 22 2 e 5 &
THELRERLRD,

3R 2 ] e O v A i 2 {HOD%E?‘:% V=XV A,
WEARDN Y FHREGE—F 0, £1 .. ﬁm‘a“éfﬁilé
(Robinson Kﬁﬁ‘fﬁ)[% NV FMERFIZH U 72 E — ]\

1 DS N Y FRABBIL [10, 11] 27 5 DI
%@N%x—a?%éoﬁﬁﬁﬂy%@%®ﬁﬁtﬁ

boTE—LuA%25ERITALZENETHY, BE
I Periodic Transient beam loading effect ¥ & FEIX4 5 /N
VFMIRIZMAES v b a VIREIBIRANZ L 0 5 E
BIINDIARLEETDH B,

AT, FTHRADIT )N — T TRE - %%%ﬁb
T & 72 HAEE 1.5GHZz-TM020 227 [12] % #iR L 7215
DS AN > T E!Tfﬁlik’)b\fi‘ﬁﬁ’%ﬁ&bé

3.2 W EE 1.5GHZ-TM020 Z2iii > A 5 A

HARZE 1.5GHz-TM020 Z2 i i I3 € — N2 TM020 %
?*ﬁﬁbt SHTHD,. FUWHIRFEBEECLERL 725
BIZHEEAR QEZMATED TMOI0 E— FL b &L T
6t@WQ%ﬁ<WR5 ENTED (Table2 BH),

7o, 22N DRETT IR Hi & R ORI A B 0 A
Z M U ZERNC m R RIA 2 i AsA D Z & T, 3

VNI RO REEE— FEESE s ERET B 2
EHHBETH B, 277U, NGEE— N OEEIRRINE
ANOGAH UIZ X D EEEBENIPGHIREINTED, %
DI 11 kW (EHBEET 153kV) L RESNHTWS

SZ3CHk [12] Tl&. AJ1H 75 % W72 Active 4 ﬂt
ULTOEHEBELTWER, AR TIEALN TS
DFEERE 0 D Passive ZBlHE UL TO@EMHZEE L, Z
DGE. Qn WAL D78, Active 25 L © Hift S5

FIN Y FREGRIRZEMIZN U TCHERNTH S, Passive
R DGE, EROMBEEDIZEARIY — L0 5 F L X

N5z eizny, BHFHBITEHOFEEF 22—
O IR A BIET D Z 2 TIT S, FARY =40
55 BINT MK L[ A~D AN B CTHIET S Z 21z
5,

SKEKB DR 3 & 22 U THWEEBED N F
ﬁm%—FOijiz IRS 2 SRR v o b A
V=RV AMMEE GO F 2 — = TR
O LTSy U % Fig 1 1ILRT, HE—
ROy vy v b rE—& v ABIMEIZ. 5% H [13] D
Eq(9) ZHWY Y Y b Y =XV ZADMKE LTA
BEMERZFE MU, BNEMERE» S HR LU TRD
77 FStEIZHWEE—A VXLV NIV a VRFIT

- 476 -



Proceedings of the 21st Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2024, Yamagata

103 v07.14 2.5GeV, fs=0.78kHz, I=500mA, Tau=67.5ms
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Figure 1: HC shunt impedance (Rs) threshold for coupled-
bunch instabilities, taking into account the Fundamantal cav-
ity (FC) Ry and the parameters. The threshold plots for
coupled-bunch modes :-2(red), -1 (green), 0 (blue), 1 (ma-
genta) and 2 (cyan). Unstable beam motions are expected in
the grey-colored area.
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Figure 2: Real part of total impedance of the RF cavities (FC
+ HC) with individual impedance curves. The excite (up ar-
row) and damp (down arrow) components of the longitudinal
coupled-bunch instabilities are also shown.
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Figure 3: HC shunt impedance (Rs) threshold for coupled-
bunch instabilities, taking into account FC and Mode damped
cavity (MDC) R and the parameters.
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Figure 4: Real part of total impedance of the RF cavities (FC
+ HC + MDC) with individual impedance curves. The excite
(up arrow) and damp (down arrow) components of the longi-
tudinal coupled-bunch instabilities are also shown.
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Figure 6: Real part of total impedance of the RF cavities (FC
+ SCHC) with individual impedance curves. The excite (up
arrow) and damp (down arrow) components of the longitudi-
nal coupled-bunch instabilities are also shown.
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