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Abstract

Past measurements of coherent synchrotron frequencies at the KEK Photon Factory 2.5-GeV storage ring have
revealed that the measured coherent frequencies did not agree the values predicted by the standard fourth-order
characteristic equation under conditions close to the Robinson limit. To investigate whether similar phenomena occur in
other storage rings, we measured the coherent synchrotron frequencies at the 1.2-GeV electron storage ring of Aichi
Synchrotron Radiation Center as functions of the beam current and cavity voltage. As a result, at beam currents higher
than approximately 175 mA, we observed two peaks that are thought to correspond to independent solutions of the
characteristic equation. Among these peaks, the frequencies of lower-frequency peak did not agree well with the values
predicted by the characteristic equation. Additionally, we observed strong coherent oscillations when the cavity voltage
was reduced to be close to the Robinson limit whereas the beam current was kept at approximately 290 mA.
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Table 1: Principal Parameters of the Storage Ring of
AichiSR During the Present Study

Parameter Symbol Value
Beam energy E 1.2 GeV
Radio frequency St 499.6875 MHz
Harmonic number h 120
Number of bunches 105
Momentum compaction factor” Oc 0.019
Radiation loss per turn (w/o IDs) Uo 86.2 keV
Radiation damping times T, Ty, Tz 0.7,6.7,3.3 ms
Natural rms energy spread (oe/E)o 8.4x10*
Typical cavity voltage™ Ve 368 kV
Average beam current (maximum) Tay 300 mA
Incoherent synchrotron frequency”  fio 43.3 kHz
Shunt impedance of the cavity Ran 7.6 MQ
Unloaded Q of the cavity Qo 41,560
Coupling coefficient of the cavity s 2.21

* Calculated values ™ Monitored value
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Figure 1: Overview of the measurement setup.
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Figure 2: Beam responses (in linear scale) measured
under different beam currents. Cavity voltage: 368 kV.
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Figure 3: Coherent synchrotron frequencies (upper graph)
and damping rates (lower graph) as functions of the
average beam current[6]. Cavity voltage: 368 kV. Square
and circles indicate measured values whereas solid lines
indicate numerical solutions.
2.3 251 R R AR A T HE
LEWZTIE—EE, 29743 mA ([Zfr b, ZEHE
E%: 368 kV 2 5ipih ThH<DE T 7hb, %émiﬂé
JECRI & FERDIGE R EZAT 7=, MES - —
D&% Fig. 4 1R, Z2ThH ifz?ffé><”7~/l/'€
&)@ MO HEMZ /RS, Figure 4 \IRLIZT —4
S, ZSAEIE 292 kV UL ETOT —X1% 2 T)JE@J?%T
/1/(74/FL (AT A 7 HRER AR TRY) .,
TR 274 kV AT CTOT —HZHONWTIT | ?&@J%s&
TINTTAY I (T 4y T 7 HFRERk AR . 2oL
Tab—L U MEBI ORI L BOR R o RO 7 R a
Fig. 5( k)& Fig. 5(M)IcENEvurTd, £z, Rkl
*iit(l)@ﬁﬁ@ﬁ@%‘%%%;&%‘@ff'ﬁ‘ Figure 5|2
IRLTZ/ ST A=FHIPHTIE, 22BN 275 kV LT

-316 -



Proceedings of the 22nd Annual Meeting of Particle Accelerator Society of Japan
August 6 - 8, 2025, Tokyo

Ve=368 kV
av =209 mA

2f0

10
0 o
40 T T

! Ve=349 kV
30 :

Ly =297 mA

Ve =330kV
Ly =295 mA

10
0
=40
=] , Ve=292kV
o 30 i 1*‘, =299 mA
= 1
% 1
2
=
& .
wl
80 T T
i i Ve=274kV
60 i L,y =298 mA
@0 | i
20
0 " e n O
400 L Ve=264kV
' t Iy =297 mA
200 Unstable osc.
0 : i
0 20 40 60 80 100

Frequency (kHz)

Figure 4: Beam responses (in linear scale) measured
under different cavity voltages.
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Figure 5: Coherent frequencies (upper graph) and
damping rates (lower graph) as functions of the cavity
voltage[6]. Beam current: 297+3 mA. Square and circular
symbols indicate measured values whereas solid lines
indicate numerical solutions.
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Figure 6: Beam spectrum showing self-excited coherent
oscillation[6]. Beam current: 290 mA, cavity voltage:
255 kV. RF phase modulation was off.
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