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STUDY OF THE TRANSVERSE BEAM INSTABILITY CAUSED BY THE
RESISTIVE-WALL IMPEDANCE AT THE J-PARC MAIN RING
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Abstract

The transverse impedance, known to cause betatron tune shift and beam instability, has a significant impact on the beam
operation at the J-PARC main ring (MR). Its estimations and countermeasures are necessary for higher beam intensity
from current intensity of 3.3 x 103 ppb (protons per bunch) x 8 bunches to future intensity of 4.4 x 10'3 ppb x 8
bunches. This study conducted a survey for the identification of the impedance sources. The transverse impedance at
the main ring is considered to be dominated by the resistive-wall impedance, especially at the vertical plane. In the test,
the growth rates of multi-bunch instability were measured by changing the frequency at which the impedance responds
by changing the betatron tune. We will identify the impedance sources by comparison with simulations and calculations,

and report on its method and process.
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Figure 1: The calculated growth rates as a function of
chromaticity for each mode m under the conditions of 3
bunches, 4 = 2, v, = 21.40 and 1.78 x 10'3 ppb.
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Figure 2: The calculated growth rates as a function of be-
tatron tune for each mode m under the conditions of 3
bunches, 11 = 2, £ = 0.22 and 1.78 x 10'3 ppb.
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Figure 3: The calculated growth rates as a function of
transverse coupled bunch mode x for each mode m under
the conditions of 3 bunches, v, = 21.40, { = 0.22 and
1.78 x 10'3 ppb.
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Figure 4: A schematic view of even-filling patterns of 3
and 6 bunches in this study.
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Table 1: Measurement Condition

Vay Eay Number of bunches
21.34, 21.43 —4.8, 0.70 1, 3(, 6 train)
21.44, 21.40 —4.7, 0.22 1, 3(, 6 train)
21.44, 21.22 —-6.7, —0.93 3,6

22.30, 20.79 -2,6, —1.3 6
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Figure 5: Comparison of the beam spectrums for each fill-
ing for calculated (the upper row) and measured (the lower
row). (a) and (a’) show that of even-filled 3 bunches, (b)
and (b”) show that of even-filled 6 bunches and (c) and (¢”)
show that of trains of 6 bunches, respectively. The even-
filling pattern suppress the additional peaks.
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Figure 6: (a)The typical growth rate of the square of mea-
sured position y of 6 bunches. (b)The overwriting of the 40
turns from 7000 turns. The mode m = 0 was dominated
with 6 bunches measurements.
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Figure 7: The calculated growth rates as a function of
chromaticity for each mode m under the conditions of 6
bunches, ;1 = 2, v, = 21.22 and 9.32 x 10'2 ppb.
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Figure 8: Amplitude of average bunch oscillation as a func-
tion of bunch ID with 6 bunches.
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Figure 9: (a)The typical growth rate of the square of mea-
sured position y of 3 bunches. (b)The mode m > 0 was
dominated at &, < 0.
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Figure 10: (a)The typical growth rate of the square of mea-
sured position y of 3 bunches. (b)The mode m = 0 was
dominated at §, > 0.
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Figure 11: The head-tail modes drawn by plotting the pos-
itive amplitude. (a), (b) and (¢) correspond to Figs 6, 9 and
Fig. 10, respectively. The phase shift was observed in (c).
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Figure 12: The average of bunch oscillation showing cou-
pled bunch mode with (a) 6 bunches and (b) 3 bunches.
The number of oscillation related to the betatron tune by
1 — Av,. The slice ID is average slice of each bunches
from (a) 7000 turns and (b) 8000 turns.
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Figure 13: Comparison of growth rates of 6 bunches,
measured (filled), calculated (white-painted) and simulated
(star).
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Figure 14: Comparison of growth rates of 3 bunches,
measured (filled), calculated (white-painted) and simulated
(star).

— = R RE R =
g 700F - work in progress,t ]
3 E 4 meas, v, =2134,21.43 L =070 _
©  B600F & cale, v,=21.43.5,=0.70, m=0, ;=0
[ F * sim, v,,=21.34.2143 £ =070
£ 500F 4 meas, v, =2144,21.40 v=0.22;
% F 4 cale, v,=21.40 £ =022, m=0, =]
S 400F * sim, v, =21432140 £ 2022 7
E & 3
300 ¥ =
200F 4 3
100F 4 =

ST AR VRPN IR EPRPIT RPN IR 3 I b
OU 10 20 30 40 50 60 70

intensity (protons/pulse

Figure 15: Comparison of growth rates of 1 bunches,
measured (filled), calculated (white-painted) and simulated
(star). The blue triangle has no error bars since only one
shot was available in this measurement.
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