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Abstract

The incoherent tune shift in the main ring of Japan Proton Accelerator Research Complex was simulated and calculated.
The tune shift strongly depended on the betatron oscillation amplitude by the space-charge effect in the lower action
region than 2J ~ 407 mm mrad. The sextupole fields effect was apparent in the action higher than 2J ~ 407 mm mrad.
The incoherent modulation of the betatron function was simulated. In low action, the space-charge effect was the main
source of modulation. In high action, the sextupole fields effect was dominant especially in = coordinate. The betatron
function 3, of the particles whose actions were around the aperture of the main ring was modulated +2% ~ +4% at

high g,.
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Figure 1: Integrated beam loss observed in the MR. The
blue bars have 8 times gain of the red bars.
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Table 1: Conditions of Initial Beam

Intensity 3.0 x 10™ ppb
Tune (Vz, vy) = (21.35,21.43)
Distribution Gaussian (transverse)

Parabola (longitudinal)
e, = 4.1 mm mrad
€y = 4.4m mm mrad

Emittance (1o)

Bunching factor 0.2
Chromaticity (€2, &y) = (—28,—-28) (natural)
(€z,&y) = (—7,—T7) (user operation)
(&2,&y) = (0,0) (fully corrected)
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Table 2: Analysed Conditions of the Beam

Distribution Gaussian (transverse)
Parabola (longitudinal)
€, = 4.6 mm mrad
€y = 4.5m mm mrad
0.31 (at turn 3000)

0.34 (at turn 4000)

Emittance (10)

Bunching factor
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Figure 2: Tune v, as a function of action 2J,. The
green, red, and blue points are the results of simulations.
The green points represent the condition without sextupole
fields, the red points represent the condition of the neutrino
user operation, and the blue points represents the condition
where chromaticity is fully corrected. The black lines are
the results of analytical calculations. The upper line shows
the result under the condition that the bunching factor is
0.34. The lower one shows the result under the condition
that the bunching factor is 0.31.
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Figure 3: Tune v, as a function of action 2.J,,.
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Figure 4: The upper graph shows the betatron function in x coordinate of the particles with actions 2.J, = 47 mm mrad
in a superperiod of the MR. The black line represents the analytical results without considerations of the space-charge
effect nor nonlinear magnets effect. The red line represents the simulation results considering nonlinear effects. The
lower graph shows the ratio of the betatron function with nonlinear effects to the betatron function of linear optics. Only
the results of 3, > 30 m are shown. The blue bars represents the results including sextupole fields, namely, the ratio of
the red line to the black line in upper graph. The green bars represents the results excluding the sextupoles.
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Figure 5: The upper graph shows the betatron function in y coordinate of the particles with actions 2.J, = 47 mm mrad
in a superperiod of the MR. The lower graph shows the ratio of the betatron function with nonlinear effects to the betatron
function of linear optics. Only the results of 3, > 30 m are shown.
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Figure 6: The upper graph shows the betatron function in = coordinate of the partlcles with actions 2.J,

= 817 mm

mrad in a superperiod of the MR. The lower graph shows the ratio of the betatron function with nonlinear effects to the
betatron function of linear optics. Only the results of 5, > 30 m are shown.

By [m]40

linear optics including nonlinear effect

(9%}
o

[
(=]

—
[«

(=]

1 L L L L 1
100 200

L L L L L L L L
300 400 500 s [m]

ratio [%] 6 By / By

nonlinear

CEES

(=]

linear

‘ Il with sextupoles [ without sextupoles

o o
[T S
[TTTTTTTI llthHH

| ‘
100 200

‘ 1
300 400 500 s [m]

Figure 7: The upper graph shows the betatron function in y coordinate of the particles with actions 2.J, = 857 mm
mrad in a superperiod of the MR. The lower graph shows the ratio of the betatron function with nonlinear effects to the
betatron function of linear optics. Only the results of 8, > 30 m are shown.
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