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Abstract

Upgrade schemes for the beam intensity of the main ring (MR) of Japan Proton Accelerator Research Complex (J-
PARC) have been studied with simulations. MR delivered 30 GeV proton beams with the beam power of 500 kW at
maximum to the neutrino facility in the recent operation. The number of accelerated protons was 2.61 X 10'* protons per
pulse (ppp). The upgrade plan is promoted for the beam power of 1.3 MW with the faster cycling of 1.16 s from the
present cycle time of 2.48 s. Upgrades of the magnet power supplies and RF system are in progress for the faster
cycling. Furthermore the intensity upgrade to 3.3 X 10'* ppp is necessary. The beam loss reduction is important in high
intensity accelerators to avoid the residual radiation. The high intensity operation has been simulated with taking the
space charge effects into account. The simulations were performed for the present beam intensity to reproduce the
present status of the beam loss and further for the target beam intensity to estimate the beam loss. We studied the
structure resonances as the causes of the beam loss. Possible operation tunes are then explored for better beam survivals.
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Figure 1: History of MR beam power since 2010.
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Figure 2: Beam intensity (shown in red) for a user-
operation shot of the beam power of 504 kW as a function

of the cycle time.

IIII|IH\‘III\‘HII|IIlllllll\H

3. AfHE—LDIZIVHIVR
BBy ¥ A

Yial—vavoulamt LTHEHT 229
I, E— L5 1.38x10" protons per bunch (ppb) 2>
5 3.93x10" ppb ¥ TOAGE — L5 MM%2ME L 72,
3-50BT TOE—=L7077A4L% 10 GOILFY
Ry 7ua7 74 VEZYMRPM)E | BEDA 7 T4
ANE TPy avyEZYOIRTHEL 7,
MRPM#1 (F/NA 7 ADBBUEDE £ T LS T, 4
BTF—7 AL AW EE LT, fthd) MRPM 9 &
& OTR 1 BOFEREMEH L7z, A1 25y
fietroTEH, ¥ AMKET7 49 bLE,
SAD[4]Z flivs, KM E X REEH DO E— L4
4210ﬁ%f@ﬂm@6 3-50BT DK TH %8
WARY FTDYA AT A =% (ox, Px, Dx, D'x,
ay, By) EE—LIZI v IR (ex, gy) ZRDT,
Z D% Fig 3 1T 7T,

3.1

Emittance (20)

T 25

T

£ 20 8:

E 15 o ] s @ Horizontal
£ 10 ° ® Vertical

3

E 5

.é 0

Ll

OE+00 1E+13 2E+13 3E+13 4E+13
Beam Intensity (ppb)

Figure 3: Horizontal (blue circles) and vertical 2o

emittances (red circles) of the injection beam as a function
of the beam intensity.
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Figure 4: Bunching factor as a function of the turn

number. The turn of 4000 corresponds approximately to
20 ms.
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Figure 5: The measured beam survival for 1-batch beam
of 470 kW equivalent (black line), simulation results of
470 kW equivalent beam (red dashed line) and simulation
results of 1.3 MW equivalent beam (red solid line) for the
working point of (21.35, 20.45). Simulation results with
magnetic field errors and magnet alignment errors are
shown.
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Figure 6: Simulation results of footprints of 1000 turns of

ten test particles for the horizontal and vertical actions
with SCTR at the working point of (21.35, 21.45).
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Figure 7: Structure resonances of up to third order (solid
lines) and non-structure resonances of half integer and
linear coupling resonances (dashed lines). Space charge
tune spread shown for the working points of (22.40,
20.75), (21.35, 21.45), (21.35, 20.45) and (22.35, 22.45)
for the beam power of 380 kW.
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Figure 8: Simulation results of footprints of 1000 turns of
ten test particles for the horizontal and vertical actions
with SCTR at the working point of (21.40, 20.45).
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Figure 9: Simulation results of the beam survivals of 1.3
MW equivalent beam for the working point of (21.35,
21.45) (red line) and simulation results for the working
point of (21.40, 20.45) (blue line). Simulation results
without magnetic field errors and magnet alignment errors
are shown.
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