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HIGH POWER TESTING OF THE RF ACCELERATING CAVITY FOR THE POSITRON
DAMPING RING AT SUPERKEKB
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Abstract

A positron damping ring (DR) is under construction to meet the requirement of the low-emittance positron-beam
injection to the main ring of SuperKEKB based on the nano-beam scheme. We have proposed and developed a radio-
frequency (RF) accelerating structure for the DR, which can supply 2 MV accelerating voltage at maximum with three
accelerating cavities to be installed in a limited space, forming “multi single cell” structure. This structure is based on
the higher-order-mode (HOM) damped structure of the normal-conducting accelerating cavity system ARES!!!, where 32
ARES cavities had been successfully operated at the KEKB main rings with extremely low trip rates. Last fiscal year,
we made the first production-version cavity (hereafter called cavity No.1) based on the development of the prototype
cavity (hereafter called prototype). In this paper, we present results of low-power and high-power tests of the cavity No.1,

compared with the results of the prototype.
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Table 1: Design Parameters of the DR

Energy 1.1 GeV
Number of bunches / ring 4
Circumference 135.5 m
Maximum stored current 70.8 mA
Maximum bunch current 8 nC
Energy loss per turn 0.091 MV
Horizontal damping time 10.9 ms
Injected-beam emittance 1700 nm

Equilibrium emittance (h/v) 41.4/2.07 nm

Total cavity voltage 1.4 MV

Equilibrium bunch length 6.5 mm

RF frequency 508.887  MHz

Momentum compaction factor 0.0141

Chamber inner diam. (norm. cell) 32 mm
2. 0000

000000000000000000000O0OO
0000000000001 000000000000
000o0ooOoooo®¥oooooooooooooo
000000000000000000000 40 gm0

* tetsuo.abe @kek.jp

" i 240 28

556 £05
3

e

(a) Overall view. The blue
(gray) region indicates vac-
uum (HOM absorbers). The
arrow shows the direction of
the beam.

(b) Accelerating cavity with-
out HOM waveguide loads.

Figure 1: Accelerating structure of the DR (solid model).

Table 2: Design Parameters of the Accelerating Cavity

Accelerating-mode frequency  508.887 MHz
Cavity voltage (spec.) 0.7 MV
Cavity voltage (challenge) 0.8 MV
Ry, /Qo 150 Q
Qo ~ 30000
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(a) Before electro-polishing
(Rq = 1.5um, Ry = 8um0

(b) After electro-polishing
(Rq =2 0.2pum, Ry = 1pum0

Figure 2: Endcap of the cavity No.1.
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Figure 3: Measurements of the accelerating-mode fre-
quency. The horizontal solid and dashed lines indicate a
target frequency and its range (100 kHz), respectively.
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Figure 4: Unloaded quality factor (()y) measured as a func-
tion of the coupling-loop angle of the input coupler with
the movable tuner at its home position (15mm inside). The
horizontal line indicates a result of fitting with a constant.

(a) Electric field strength.

(b) Magnetic field strength.

Figure 5: Surface-field strengths for V. = 0.7 MV, shown
together with the curved tetrahedral meshes used to esti-
mate the theoretical (Qg. The region inside the red dashed
ellipse is to be observed with the TV camera 2 shown in
Fig. 6(a).
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(a) Before installing an additional radiation shield just around the cavity
No.1. The power sensors and meter are surrounded by lead sheets to protect

them against the radiation.

(b) After installing the additional radiation
shield just around the cavity No.1. Just be-
fore starting the high power test.

Figure 6: Setup of the high power test for the cavity No.1, surrounded by a radiation shield wall with a height of 2.4 m

and a circumference of 24 m.
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(a) Prototype-cavity aging performed from June to July, 2012. The (b) Cavity No.1 aging performed from June to July, 2013.

green lines show data taken on the last day of this high power test to
acquire calibration data of the RF-power measurements. This cal-
ibration data together with the calorimetric-power data have been
used to re-calibrate_the data which are shown in black here and
were presented in 1°!, because of the fluctuation problem on the
transmitted RF powers from the cavity to the control room.

Figure 7: Aging histories until V, reached 0.9 MV with data points recorded every ten seconds plotted. Data with holding
the input RF power and data for tuning the control system or klystron are excluded here. The light blue lines indicate the
reference vacuum pressure specified in the automatic aging by computer control. If the vacuum pressure is higher than
the reference, the power is slightly stepped down until the vacuum pressure becomes lower than the reference, and then
the power is slightly stepped up as long as the vacuum pressure is lower than the reference.
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(a) Image of the TV camera 1
(1 second before the interlock
worked).

(b) Image of the TV camera 2
(1 second before the interlock
worked).

(a) Image of the TV camera 1
(1 second before the interlock
worked).

(b) Image of the TV camera 2
(1 second before the interlock
worked).

(c) Image of the TV cam-
era 1 (just when the interlock
worked).

(d) Image of the TV cam-
era 2 (just when the interlock
worked).

Figure 8: Example of the TV video images when the inter-
lock by the reflected power worked. This interlock worked
at 11:13:53 on June 28, 2013, where a lightning was ob-
served. The TV camera 2 sees the region inside the red
dashed ellipse shown in Fig. 5.
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(c) Image of the TV cam-
era 1 (just when the interlock
worked).

(d) Image of the TV cam-
era 2 (just when the interlock
worked).

Figure 9: Example of the TV video images when the inter-
lock by the reflected power worked. This interlock worked
at 10:31:38 on June 28, 2013, where one of the bright spots
exploded. The TV camera 2 sees the region inside the red
dashed ellipse shown in Fig. 5.
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Figure 10: Unloaded quality factor measured as a function
of the cavity voltage using Eq. (3), where the flow rate of
the cooling water in the cavity body was about 130 L/min.
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(b) When a discharge inside the cavity occurred.
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(c) When the output from the klystron suddenly changed.

Figure 11: Waveforms of the oscilloscopes displayed with
a time span of 20 us (2 pus/div). The red dashed curves indi-
cate the envelope of the pickup wave from the cavity No.1.
The output from the circulator (toward the cavity) is almost
equivalent to the output from the klystron.
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(b) Ve = 0.95MV holding test performed on the last day
of the high power test of the cavity No.1. The red dashed
line indicates V. = 0.95MV which is the highest cavity
voltage permissible by the current radiation control.

Figure 12: One-day histories with the same format as
shown in Fig. 7, except that all data points recorded ev-
ery one second are plotted. Each history starts around 9:15
and ends at 17:00 on each day.
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(a) As a function of the cavity voltage, for the prototype
(open circles) and cavity No.1 (closed circles), during
the aging shown in Fig. 7. In the both cases, the radia-
tion shield was fully installed as seen in Fig. 6(b).
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(b) At V. = 0.80 MV, as a function of day, for the cav-
ity No.1. The leftmost plot is a measurement before V.
reached 0.9 MV, and the other plots are after V,. reached
0.9MV.

Figure 13: Radiation dose rate measured at the same posi-
tion about 2 m away from the cavity No.I.
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