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Abstract

When the beam with high current circulates in a storage ring, the static Robinson instability occurs and the coherent
synchrotron oscillation becomes unstable. This phenomenon is important in the storage rings with high beam loading
such as future synchrotron light sources. To enrich our understanding on this phenomenon, we conducted a study on the
static Robinson instability in the PF storage ring. We measured the shift in the coherent synchrotron frequency as the
beam current. We also tried to observe whether a beam dump happens under the conditions (beam current and voltage)
which is expected from the theory. We report these experimental results, and compare them with analytical calculations.
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Table 1: Definition of the Parameters

Symbol Explanation

I Average beam current
w Resonant frequency

res of the cavity
Ve — Ry, I Beam-induced voltage

TR at resonance
¢s = arccos Synchronous phase

C
af = Wres Damping rate of the cavity
2QL A
1) = arctan <2QL w) Tuning angle
Wres

Detune of the cavity
Unperturbed synchrotron

AW = Wres — Wif

eVeoewst sin ¢
w 0 = _—_—
’ EoTo

frequency
T Revolution time
Qo
= Loaded Q fact
QL 115 oaded Q factor

Table 2: Principal Parameters of the PF Storage Ring

Paramter Symbol value
RF frequency Wrf 27 % 500.106 459 MHz
Beam energy Ey 2.5 GeV
Momeptum com- » 0.0064
paction factor
Harmonic number & 312
Cavity voltage Ve 0.425 MV /cav. x 4

Shunt impedance  Rg, 6.8 MQ/cav. x 4
Radiation loss
er tarn® Us 428 keV
Coupling constant
of the cavity b 23
Unloaded Q value Q) 3.9 x 10%

* The radiation loss per turn Uy includes the contribu-
tions from bending magnets and insertion devices under the
present experiment.
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Figure 1: Roots of the quartic equation (1) as a function
of the beam current. (a) The real parts of the roots that
describe the growth rates of the coherent sychrotron oscil-
lation. (b) The imaginary parts of the roots that describe
the frequencies of the coherent synchrotron oscillation.

3. PFYUYJICHBITBE—LRY T«
3.1 Jb—LY Yy ro b viREKOHE

PFV) VI TRNLVFNVFDODE—L%EZRMU. RFE
BEICAHELTEZ I Cae—L Yy by vy za b
o VIRE 2RI L2, 208 EDREZ VEM (BPM)
"o DIEFD RF FWRBJELIZE T EAXT MLz
WELEZ, ab—Ly by rrobo R
1%, RF B OY A1 KAV RELUTARY MLIZH
na,

Figure 2 [ZHIER SR DI ERM 2R, AT+ T A
7+ 74 ¥ — (ADVANTEST U3771) ® tracking gener-
ator (TG) 25 fir+ faweep PTEFEZH NI, T2
T. fir = 500.106 459 MHz (% RF JAIEEL. fiweep 1& TG
TAYU 4 =T X5 %ERT, RHETIERF
JEIRBDE D % +25 kHz £721% £50kHz TA Y 1 —
TEHRS, FLUTC, IF Y- —nRAT74 V&%
AWTHEKL 72 faeep PIEFZ RF AT —2 232D
A DOBAHERIZATI LTz, ZDEFIZL>T, RFOD
RMZHFEZITVN, Je—L Y MYy oo o ViR
a7, FARFIZ, BPMDES%2 ARSI F T
LT FIAYF—IZAII U, fy DY A RV ROREH
BERETAZLT, ak—Lby vy ruobo
VARENECE JE L 7z,

- 1043 -



Proceedings of the 16th Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2019, Kyoto, Japan

PASJ2019 FRPI010

HIEREIE, PF VU 72250 NV F DNV F ML
’f Va1 DEBEU, MEZERIZ 4 B2 TEHEH

U. Al EHELEEZ 1.7TMV IZHE L7z, HERD
ALAHZE ﬁ@ﬁ%éioxwppf%otot — L
IlE S0mA %5 450 mA £TS0mA Z & IZARY b
WV ERG U 72, IR IX KR T DME S coupled-
bunch instability DFE4E %A % 728, #t /77 bunch-
by-bunch feedback % {EE) X &7z, ERAIED 10 mA D
& Z1Z, bunch-by-bunch feedback % fFE) X H 7 b > 72
GADANRY MVEFHSELGEDART bl
LU ZA, 1T AT R -7,

—10 dBm

ADVANTEST U3771 160 mVpp

Spectrum| Syt T Ssweep
Analyser TG out

in
10 dB ATT. fef

f.=1.9 MHz

I
13.0dBm P

BPM Signal
‘RF Signal
( ) Phase Control RF Station #1!
RF Station #2!
: RF Station #3:
: RF System Phase Shlfter RF Station #4§

Figure 2: Schematic of the measurement system.
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Figure 3: Spectra of the BPM signal as a function of fre-
quency offset from the RF frequency (=500.106 459 MHz).
The total cavity voltage is set at 1.7 MV. The trace for the
beam current of 50 mA indicates the raw data. The other
traces were vertically shifted by +30 dB from the lower one
in order to separate the traces.
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Figure 4: (a) Growth rate of the coherent synchrotron os-
cillation calculated from Eq. (1). (b) Coherent synchrotron
frequency calculated from Eq. (1) and the sideband fre-
quencies measured from the BPM spectra.
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