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Abstract

SPring-8-I1 Upgrade Project is underway to achieve 100 times higher brightness than current SPring-8 storage ring. Then,
the coupled-bunch instability caused by higher-order modes (HOMs) excited in a cavity will be critical issue to achieve high-
current operation at 200 mA. To estimate the effect of HOMs, we performed quality factor measurements for longitudinal and
transverse HOMs. As a result, we revealed that the TMO11 longitudinal mode’s loaded quality factor (Qr) is significantly
lower than simulated values. For Transverse modes, we found that several modes have higher quality factors than the instability
threshold. That means necessitating mitigation strategies such as cavity selection, detuning, and feedback systems. Additionally,
transverse and longitudinal bunch-by-bunch feedback (BBF) systems are proposed to suppress instabilities. These combined

approaches ensuring robust high-current operation in SPring-8-II.
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Figure 1: Schematic Drawings of a Bell-shaped Cavity. (Left)
The Inner Surface of the Cavity Body, the attached Coupler
and Waveguide. Acc., HOM and Fixed Tuners are also shown.
(Right) The Variation of Cavity Inner Surface by D.

Table 1: The Designed Parameters for SPring-8-I1 (New) [2]
and SPring-8 (Present) [6]

SPring-8-11 SPring-8

Parameter (New) (Present)

Beam Energy (GeV) 6 8

Stored Current (mA) 200 100

RF Voltage (MV) up to 8 16
Number of Cavities 16 32
Momentum Compaction Factor 413 x107° 1.60 x 10~*
Betatron Function 3, 3y at Cavity 8.2,2.8 31.2,5.0
Damping Time for s, x, y (ms) 14,16,22 4.2,8,8
RF Frequency (MHz) 508.764 508.580

Synchrotron Frequency (kHz) 0.7 2.2
Revolution Frequency (kHz) 208.852 208.776
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Table 2: Loaded quality factor (()) measurement results for
TMy11 transverse mode using single-bunch beam. Red val-
ues indicate the ), is over threshold for 200 mA operation at
SPring-8-11. The typical errors of (1, are £3000, obtained by
Lorentzian fitting.

. TMo11 Freq.(MHz) Qr value
Cavity A-st. B-st. A-st. B-st.
#1 (Htype) 904.9 —* 7000 —*
#2 (Vtype) 904.4 —* 8000 —*
#3 (Htype) 900.9 903.8 10000 13000
#4 (Vtype) 901.0 903.9 8000 7000
#5 (Htype) 897.9 901.0 13000 8000
#6 (V type) 897.6 901.4 12000 6000
#7 (Htype) 895.0 898.1 4000 12000
#8 (Vtype) 894.8 898.3 4000 10000
*: Not able to identify TMo11 mode because of other modes’
overlapping.
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Figure 2: Spectrum measured by a spectrum analyzer from
B-st. #6 cavity pickup port. Blue line shows the raw spec-
trum, and Red circles show the peaks of the spectrum. Red
line shows the double Lorentzian fitting result as a envelope
line. The left peak is identified as quadrupole TEy;; mode,
and the right peak is identified as longitudinal TMg;; mode
by the tuner dependency.
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Table 3: Simulation and low-power measurement results for transverse and longitudinal HOMs. Frequency, R/Q), quality
factors obtained by electromagnetic field simulation using HFSS [8] and measurement, shunt impedance and the threshold
current for present SPring-8 and SPring-8-11 are listed. Each transverse mode has two orthogonal modes, which are horizontal
“H” and vertical “V” against the coupler direction. Red value means the threshold current is under the operation current without

BBF system [12].

Mode Frequency (MHz) Rgr/ g/(g/(?g Qo (Sim.) Qr (LPMeas.) @Qr (Beam Meas.) [tairg}éé a{ts(li?gﬁ%
Transverse modes x direction

TE111-H 709.8 71.0 50300 24000 not measured 181 257
TEq111-V 710.8 71.8 51100 34000 not measured 126 179
TMi110-V 761.2 194.9 50500 7000 below limit 226 321
TM;i10-H 765.8 195.1 53500 45000 38000 35 50
TMi1:-V 1077.5 311.6 43100 24000 below limit 41 58
TMi1:-H 1078.6 302.9 43400 30700 26 000 33 48
*TE121-H 1207.4 127.6 56 500 6200 12000 391 553
*TE121-V 1207.8 126.5 56 000 18300 133 189
Longitudinal modes s direction

TMo11 905.2 63.2 46 200 7000 6000 1266 362
TMp12 1445.4 14.0 41400 not measured

*: Assuming assignment for these modes since they are very close each other.
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Figure 3: (Q-value measurements with different methods. The
red solid line shows the spectrum by low power measurement
using the network analyzer. The blue data points are measured
by tuner-scan method using single bunch beam. (a) TMg11
longitudinal mode. (b) TM;1;-H transverse mode.
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Figure 4: Results of Instability Experiments for 765 MHz
TMi10 mode. (a) Beam Size Measured by Interferometer
by Increasing Beam Current. From 40 mA, the Beam Dize
is Duddenly Increased. (b) HOM Amplitude Measured by a
Spectrum Analyzer when Moving the HOM Tuner Position.
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