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Abstract

A bunch-shape monitor (BSM) using the highly-oriented
pyrolytic graphite (HOPG) target has been developed to
measure the high-power and low-energy negative hydrogen
ion beam at the front-end. The performance evaluation of
the BSM using the HOPG target was conducted. The first
measurement of longitudinal beam profiles at the front-end
was demonstrated with the BSM. The measurement was
consistent with the design simulation of the front-end. As
a further application, the BSM using the HOPG target will
be an attractive and powerful instrument to study the space-
charge effect at the front-end.

INTRODUCTION

The Japan proton accelerator research complex (J-
PARC) [1] linac supplies the 400-MeV negative hydrogen
ion (H™) beam to subsequent accelerators and experimental
facilities. Recently, the user operation with a peak current
of 50 mA was stable by the careful maintenance and beam
tuning. Detailed beam studies are being conducted to reduce
the beam loss towards higher power and the robustness of
the stable operation. The medium-energy beam transport
1 (MEBT1) is important for the beam tuning of the linac.
Figure 1 shows the configuration of the MEBT1. There are
two functions of MEBT1 as follows. One is the beam match-
ing between a 3-MeV radio-frequency quadrupole (RFQ)
linac and a subsequent 50-MeV drift-tube linac. The other is
the production of the bunch time structure for the injection
into the rapid-cycle synchrotron. Since the parameters of
the MEBT1 should be tuned to satisfy these requirements,
the improvement of the longitudinal tuning in the MEBT1
is an interesting challenge to find a better solution for the
high-power beam operation.

The bunch-shape monitor (BSM) [2,3] as the longitudinal
beam profile monitor plays the important role to understand
and improve the longitudinal beam dynamics in the MEBTT.
However, the heat loading from the high-power and low-
energy H™ beam in the MEBT1 caused the target failure
of the BSM measurement which prevented the stable beam
studies. We introduced the new graphite target for the BSM
to mitigate the heat loading and successfully measured the
longitudinal beam profiles in the MEBT1. In this report, the
recent progress of the development of the BSM dedicated to
the MEBT1 and its related studies are presented.
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Figure 1: Configuration of the MEBT1.

NEW TARGETS FOR BSM

The BSM is a standard longitudinal beam profile monitor
for the linac. Figure 2 shows the principle of the BSM.
Secondary electrons are produced by the interaction between
the H™ beam and the BSM target. The negative bias voltage
is applied to the target to extract these secondary electrons
into the deflector in the BSM. The electrons related to the
longitudinal profile of the original H~ beam are modulated
by the RF electric field in the deflector.
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Figure 2: Principle of BSM.

The challenge of the BSM in the MEBTT1 is to mitigate
the heat loading from the high-power and the low-energy H™
beam. Therefore, we introduced a new strong target material
for the BSM. There are three candidates for the BSM target
as follows. One is the tungsten wire target, which is used
as the standard target material for the usual BSM. However,
the wire breaking frequently occurred due to heat loading in
the MEBT1. Another candidate is a carbon nanotube (CNT)
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wire [4, 5], which is used for the wire scanner monitor to
measure the transverse profiles in the MEBT1. The advan-
tage of the CNT is its low density. The effective heat loading
to the target depends on the density of the target. The other
candidate is the lamina graphite target. We used the highly-
oriented pyrolytic graphite (HOPG) [6, 7] target, which is
known as the candidate material of the beam scraper in the
MEBTI1. The advantage of the HOPG is its high thermal
conductivity, which can reduce the thermal damage of the
target.

Figure 3 shows the photographs of the CNT wire and the
HOPG target mounted on the BSM target holder. Although
the CNT is a good candidate for the BSM target, it is known
as its electron emitter property. Itis the disadvantage because
the emission electrons cause the unexpected discharge of
the bias voltage for the BSM target. Therefore, it should be
confirmed whether the negative bias voltage is stably applied
to the CNT wire. When the bias voltage was applied to the
CNT wire, the luminescence from the insulator ceramics
was observed. The spectrum peak due to emission electrons
was detected by the spectroscopic measurement. As a result,
the field electron emission from the CNT wire was inevitable
and serious for the BSM operation.

On the other hand, the negative bias voltage was success-
fully applied to the HOPG target, which was a good char-
acteristic as the BSM target. As described above, its high
thermal conductivity is suitable to mitigate the heat loading
from the high-power H™ beam. Therefore, we adopted the
HOPG as the new target material of the BSM.

STUDIES OF BSM USING GRAPHITE

The HOPG target is thicker than the original tungsten
wire and the CNT wire. It should be confirmed whether
the size of the HOPG target affects the measurement of the
longitudinal profile. The test experiment was conducted at
the test stand in the J-PARC linac building. The test stand
consists of the 50-keV H™ ion source, the 3-MeV RFQ [8,9],
and the diagnostic beamline. The BSM was installed into
the diagnostic beamline. Figure 4 shows the experimental
setup of the test stand. The beam condition is as follows.
The peak current, the energy, the pulse length, and repetition
were 50 mA, 3 MeV, 50 us, and 1 Hz, respectively, which
was the almost same as the MEBT1.

Two types of HOPG targets were prepared, which were
the small (0.2 x 1.0 mm?) and the large (1.0 x 1.0 mm?)
targets. The minimum of the target size was determined by
its cutting method (diamond wire sawing) [10]. The BSM
target size affects the Time-of-Flight (ToF) of the extracted
secondary electrons in the BSM. Therefore, it can be ex-
pected that the large target smears the longitudinal profile
measured with the BSM. This ToF effect was estimated by
the Geant4 simulation [11]. Figure 5 shows the compari-
son of longitudinal profiles measured with different sizes of
HOPG targets. The profile corrected using the simulation
was also shown in Fig. 5. Since the corrected profile with the
target size of 0.2 X 1.0 mm? was consistent with the profile
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Figure 3: Photographs of the CNT wire (left) and HOPG
(right) mounted on the BSM target holder. The diameter of
the CNT wire is 0.1 mm and the size of the HOPG is a dimen-
sion of 0.2 mm(width)x1.0 mm(thickness)x48 mm(length).
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Figure 4: Configuration of the test stand.

measured with that of 1.0 x 1.0 mm?, we confirmed that the
ToF effect could be evaluated with this procedure.

One advantage of the BSM using the HOPG target
(HOPG-BSM) is to measure the longitudinal profile at any
horizontal position. This implies the HOPG-BSM is not
only the longitudinal profile monitor but also the both longi-
tudinal and transverse profile monitor. In the first trial, we
demonstrated the observation of the correlation between the
longitudinal and transverse profiles under the space-charge
effect. Figure 6 shows the longitudinal and horizontal pro-
files measured with the BSM when the quadrupole mag-
net was turned on and off. When the space-charge effect
affects the beam profile, for example, it is expected that
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the transverse focusing affects longitudinal profile through
space-charge force. From Fig. 6, we observed the correla-
tion between the longitudinal phase and horizontal bunch
profile. Although detailed studies are necessary, this result
is attractive to understand the behavior of the high-power
H™ beam at the front-end.
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Figure 5: Comparison of longitudinal profiles measured
with different size of HOPG targets.
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Figure 6: Longitudinal and horizontal profiles measured
with the BSM. the top figure shows the profile tuning off the
quadrupole magnet and the bottom figure shows that turning
on the magnet.
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FIRST LONGITUDINAL MEASUREMENT

The first measurement of the longitudinal beam profile in
the MEBT1 was demonstrated with the HOPG-BSM. The
peak current, the energy, the pulse length, and repetition in
the measurement were 50 mA, 3 MeV, 100 ps, and 1 Hz,
respectively. The longitudinal amplitude-scan method [12]
with the buncher cavity was used to evaluate longitudinal
beam parameters. The stable longitudinal measurement was
realized thanks to the HOPG target. Figure 7 shows the
typical waveform measured with the BSM. No target failure
occurred during the measurement.
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Figure 7: Measured waveform of the BSM.

Longitudinal beam parameters were evaluated using the
IMPACT [13], which is the Particle-In-Cell code, to consider
the space-charge effect in the MEBT 1. Figure 8 shows the
longitudinal bunch width measured with the BSM in terms
of the buncher voltage. The data was used for the fitting of
the IMPACT simulation. The fitting curve was consistent
with the measurement for the amplitude scan.

Initial Twiss parameters at the RFQ exit evaluated with
the data and the IMPACT were compared with the design
simulation for the H™ ion source and the RFQ. Figure 9
shows longitudinal ellipses measured with the BSM and the
design ellipse at the RFQ exit. The measurement using the
BSM was consistent with the design simulation. This result
shows our BSM and MEBT 1 system were well understood
in the high-power operation.

SUMMARY

The BSM using the HOPG target has been developed to
measure the high-power H™ beam in the MEBT1. In this
study, the performance evaluation of the HOPG-BSM was
conducted. The first measurement of the longitudinal beam
profile was demonstrated using the BSM in the MEBTI.
The measurement was consistent with the design simulation
of the MEBT1. Our HOPG-BSM is the attractive instrument
and plays the important role to study the space-charge effect
at the front-end.
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Figure 8: Longitudinal bunch width measured with the BSM
in terms of the buncher voltage.
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Figure 9: Longitudinal ellipses measured with the BSM and
the design ellipse at the RFQ exit.
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