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Abstract

I analytically study transverse beam instabilities in the PF-HLS ring with a very low momentum compaction factor of
3.24 x 10, A broad-band resonator model with the resonant frequency of 30 GHz and shunt impedance of 1 MQ for the
quality factor of 1 is used as the vertical impedance of the storage ring. Calculations by MOSES have shown that the
threshold bunch current for the transverse mode-coupling instability of the PF-HLS ring is ~0.073 mA and much lower
than that of the NSLS-II ring, mainly because of the lower synchrotron tune and the shorter bunch length. However, the
growth rates of the head-tail instability modes are rapidly reduced as the vertical chromaticity &, increases from 0 and the

maximum growth rate becomes below the radiation damping rate at &, =

6 for 0 </, <12 mA, because the bunch frequency

spectrum drastically changes due to the very low momentum compaction factor. It is also shown that increase of the bunch
length significantly reduces the chromaticity required for stabilizing the head-tail oscillations.

1. [EC®HIZ

KEK TR EL T PF-HLS St (HLS: Hybrid
Light Source)[1,2]& 7% & HatL TV %, PF-HLS Tl &
FEY 7 NZEFIL TODEAE — L0 %@ﬁf{%ﬂn&@
HAREY) =7 b AR SNADIRELEE 1\ T a2 R
B — A D O L WD U e — 200 [RIREF]
HZATHZEZFHEL Td, D712, PF-HLS V7
IR SBT3 @i T 50 TN TR T &
R HERF CEBIDIEF I/ NI NTE— A Z TR
I arlFaFioTinDd, ZOLIRNSNE—AHZ A
a Ry ar N ERF ORI TIREE oV Tk
FEARTHET e — AR EMEO I R B K< 2 D1
MIZ&HD, MZ T, PE-HLS V7 ClIHifliin 2 3 Fi#
771 el  REBFRIMNL AN TF LN F LB
DD NAT VY REIEL R D LI TND, AFERTIL,
PF-HLS U7 CORE S A — DAL TEMEIZ DU TREMT
HI72 T 1EZ > THFFE LT B HO W TS5, 71
CTATTARN T Rl E ORI LT NI LR TR
E— AR EMEDOIHIZN R DN THIR D,

2. PF-HLS YL S &EAVE—S 2V RETIL

2.1 PF-HLSVU.Z

WHABCR IR E L CRE RIS AL TV % PF-HLS )/
T DIXTA—H% Table 112, EDT77 4 Ak§iE% Fig. 11
%9, PF-HLS Yo 2 C i TRILX—% 2.5GeV &
5GeV TUIEEZ AIREEL ., 2.5 GeV TIIVL 7 ICERES
NTWDE /3T (SR B —AERES) %@ﬁ&%ﬁ%f_
T BEE) =T I DEF/NF (SP B
EWESN) D3 AE T DRI HS e XL A0[RI %ﬁﬁ
ZEPRFISN TS, Fo, EREE — AT~ L

# norio.nakamura@kek.jp

F R F(MBYE—R7ZT TR NN F L /b F o
> FEFEIRERIH 35/ 47 Vv RHB)E — R TOiEilist,
FLRSNTWD, V7 O JE A JER L fo 1% 400 kHz T,
NIRRT 1250 12705, HIEL 2SR E
500 mA Tl 1250 N> FITHJFICERETHEL TN F
EIEIE 0.4 mA (X FEAfwf 1 nC FHY) (2725, HB E—
RTIEHR KT 12mA (30 nC) DN F O FEBL% B
T2,

Table 1: Parameters of PF-HLS Ring

Parameter Value
Energy [GeV] 2.5 5
Circumference [m] 749.5
Lattice Double DDBA/
8BA(modified)
RF voltage [MV] 1.6 6.5
RF bucket height [%] 8.93 7.76
Momentum compaction 3.24 x 10

factor

Betatron tune vy/vy 47.865/16.655

Radiation dumping time 25.9/56.2/ 3.24/7.03/
x/y/z [ms] 67.5 8.44
Beam current [mA] 500 200
Natural emittance [nm rad] 0.208 0.832
Energy spread 7417 x 10*  1.48 x 107
Natural bunch length [ps] 4.72 7.21
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Figure 1: Lattice structure of the PF-HLS ring
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Figure 2: (a) Tune shifts and growth rates of vertical
betatron oscillations normalized by synchrotron tune 15 at
& =0 for 0 < [, £ 0.1 mA. Transverse mode coupling
instability occurs at /» = 0.073 mA.
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Figure 3: Tune shifts and growth rates of the head-tail
oscillations normalized by vs with (a) & =0 (b) & =2 (¢)
&=4and (d) &§=6"for0<1,<12 mA.
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Figure 4: Tune shifts and growth rates of the head-tail
oscillations normalized by s with (a) & =0, (b) & =1, (c)
&=2and (d) &§=3for0<1,<12 mA.
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