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Abstract

The transverse profiles of the high-power beam at the extraction were studied with simulations at the main ring (MR)
of the Japan Proton Accelerator Research Organization. During the fast extraction operation, the beam losses have been
observed in the region of the extraction devices at the extraction timing. A part of the causes is the limited aperture of
the quadrupole magnet QDT155 for the extraction beam. The present beam power of MR is 500 kW at maximum with
the cycle time of 2.48 s and the number of extracted protons of 2.6x 10" protons per pulse (ppp). The beam power
upgrade is being promoted for 1.3 MW with the cycle time of 1.16 s and the number of extracted protons of 3.3x 10"
ppp. We estimated beam losses at the extraction for the present and future high-intensity beams with the particle
tracking program, SCTR, taking the space charge effect into account. We have further estimated the improvement in
beam losses with the large aperture QDT magnets that are being constructed.
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Figure 1: The beam loss distribution as a function of MR
address and time from the first injection kicker timing,
K1, for a user operation shot with the beam power of 470
kW. The beam loss is indicated at the extraction time of
1.53 s and the address including 155.
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Figure 2: Orbits of the beams at the FX section in the
horizontal plane. Orbits of the FX beam are shown in red
solid lines for the beam emittance of 10 T mm mrad and
in red dashed lines for 30 T mm mrad. The orbit of the
circulating beam of 81T mm mrad is shown in blue
lines.
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Figure 3: Front view of QDTI155 magnet with the bore
diameter of 150 mm and the vacuum chamber. The
circulating beam of 81 @ mm mrad (blue rectangle), the
FX beam of 15m mm mrad (red rectangle) and the abort
beam of 157m mm mrad (green rectangle) are also
shown.

Figure 4: Front view of conceptional scheme of large
aperture magnet with the bore diameter of 220 mm and
the vacuum chamber (right figure). The circulating beam
of 81 1 mm mrad (blue rectangle), the FX beam of 60
mm mrad (red rectangle) are also shown. The present
QDT magnet with the bore diameter of 150 mm (left
figure). The circulating beam of 81 T mm mrad (blue
rectangle) and the FX beam of 157 mm mrad (red
rectangle) are also shown.
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Figure 5: Measured beam survival of the 470-kW
equivalent beam (black line), the simulated beam survival
for an initial transverse distribution with 2 0 emittance
of 16 ™ mm mrad and a collimator cut of 6077 mm
mrad (blue line), and the simulated beam survival for an
initial transverse distribution with 2 0 emittance of 17 7
mm mrad and a collimator cut of 657 mm mrad (red
line).
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Figure 6: Macro particle distribution in horizontal (top
figure) and vertical (bottom figure) direction. Initial
distribution (black), distribution at 3 GeV (red), 8 GeV
(green), 14 GeV (yellow), 20 GeV (purple), 27 GeV (sky
blue), and 30 GeV (blue). The distribution was scaled to
the distribution at the extraction energy of 30 GeV, taking
the adiabatic damping into account.
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Figure 7: Macro particle distribution at the kinetic energy
of 30 GeV in the transverse plane at the exit point of the
QDT155. The orbit shift is not expressed. The red
rectangle indicates the aperture of the present QDT
magnet: the horizontal aperture of 30r mm mrad and the
vertical aperture of 151 mm mrad. The blue rectangle
indicates the aperture of the large aperture QDT magnet:
the horizontal aperture of 301 mm mrad and the vertical
aperture of 601 mm mrad.
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Figure 8: The simulated beam survival for an equivalent
beam power of 1.3 MW. The simulated beam survival for
an initial transverse distribution with 2o emittance of 24x
mm mrad and a collimator cut of 60r mm mrad and
without magnet errors is shown in blue line. The
simulated beam survival with a collimator cut of 657 mm
mrad and magnet errors is shown in red line.
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Figure 9: Macro particle distribution in horizontal (top
figure) and vertical (bottom figure) directions for the
beam power of 1.3 MW. Initial distribution (black) and
distribution at 30 GeV (blue). The distribution was scaled
to the distribution at an extraction energy of 30 GeV,
taking the adiabatic damping into account.
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