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Abstract

Wake fields produced by high intensity beam act on the beam itself and make the beam motion unstable, then cause
beam loss, which gives the limit on the beam power upgrade in the high intensity accelerators such as J-PARC. Many
existing theoretical predictions are applicable only on even-filled bunches in an accelerator or storage ring. Uneven-filling,
eg. 8 bunches out of 9 RF-buckets are filled in the MR of J-PARC, is also important to examine. In addition, long-range
wake fields such as a resistive wall which decays with ~1 ms is not easy to evaluate. These issues can be resolved by
approximating the wake fields with an IIR (Infinite Impulse Response) filter. Proposed algorithm is explained and applied

on a transverse coupled-bunch instability with resistive-wall wake fields in the J-PARC MR.
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Figure 1: Time (t = z/v) evolution of bunch oscillations
and wake potentials. Number of bunches is 6 per turn in
this case. Yellow-colored area corresponds to the renewed
parameters in the recurrence relation Eq. (8). This is a big
saving of number of parameters.
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Figure 2: Resistive wall wake function. Vacuum duct
parameters of the J-PARC MR is used. Red full curve is
the sum of Eq. (12) and Eq. (13). Blue dashed curve, which
is stretching to the right-hand side, is the contribution from
Eq. (13). The other dashed curves are contributions from
Eq. (12). In the J-PARC MR the bunch spacing is 174 m.
Taking three terms from the longest range is enough for
wake effect calculation.
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Figure 3: Resistive wall impedance. Red full curve is the
sum of corresponding impedance of the sum of Eq. (12)
and Eq. (13). Purple full curve is the corresponding
impedance of the wake term, e~(**Pos/@®)/4 The other
curves correspond shorter range wake terms.
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Table 1: MR Parameters for the Bench Mark

Parameters unit
# of protons /bunch ~ Np 3.5 p/b
x 1013

# of bunches M 9o0r6

Revolution frev 185748 Hz

frequency

Kinetic energy Ey—mc? 3 GeV

Circumference C 1567.5 m

Betatron tune vy 21.35

Beta function By 17 m

Beam duct radius b 65 mm
thickness T 2 mm
conductivity O 14x 10  S/m

Table 2: Result of the Bench Mark

Growth rate (Hz) M=6 M=9

Shobuda 738 1137
1106

1075

Ng
This work
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Table 3: MR Parameters for Un-Even Filling Simulation

Parameters

#of protons /bunch Ny 0.6 x 1013 p/b
# of bunches M 90r6

Betatron tune vy 20.79

Table 4: Result of Un-Even Filling Simulation

gz‘z’g‘z) 11111 110110110 111111000
Shobuda 678 - -
Ng 988 - -
This work 962 964 973
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Figure 4: Betatron oscillation amplitude along a bunch
train. Filling patternis 11111100. Superposmon of 50 turns
are depicted. Included wakes are (a) e —(*pos/a*)o/4 4
e~ (m?pos/a?)/4 | o=(n?pos/a?)/320

(b) e~ Zpos/d?)/4 ,(c) e(™ poS/dz)/320
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Figure 5: Betatron oscillation amplitude along a bunch
train. Filling pattern is 110110110. Superposition of 50
turns are depicted in (a) and (b). Bunches of # 1, 4, 7 have
smaller amplitudes in (a). This is reasonable by looking at
the wake kick strengths in (b). Oscillation along the bunch
train in 6 turns are depicted in (c). Included wake is
e~ (M2 pos/d*)9/4 | o=(m?pos/d®)/4 | o=(m2pos/d?)/320 g q]|
cases.
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