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Abstract

The Japan Proton Accelerator Research Complex (J
PARC) consists of a 400-MeV linac, a 3-GeV rapid cy-
cling synchrotron (RCS), a 50-GeV main ring synchrotron
(MR) and several experimental facilities (a materials and
life science experimental facility; MLF, a hadron experi-
mental hall, and an neutrino beam line to Kamioka). The J-
PARC has been beam commissioned since November 2006
and it has well proceeded as planned from the linac to the
downstream facilities, the RCS and then the MR and MLF
so far. Inthis paper, first, the current status of the linac and
MR are briefly summarized, and then the commissioning
results and beam performance of the RCS obtained by the
end of June 2008 will be presented in more details.

INTRODUCTION

The Japan Proton Accelerator Research Complex (J
PARC) located on the campus of Japan Atomic Energy
Agency (JAEA) in Tokai, Naka, Japan is a multi-purpose
proton accel erator facility aiming at MW-class output beam
power, which was formed by jointing the neutron science
project of JAEA and the hadron facility project of High En-
ergy Accelerator Research Organization (KEK). As shown
in Figure 1, the JPARC accelerator complex [1] com-
prisesa400-MeV linac, a 3-GeV rapid cycling synchrotron
(RCS), a50-GeV main ring synchrotron (MR) and severa
experimental facilities (a materials and life science exper-
imental facility; MLF, a hadron experimental hall, and an
neutrino beam line to Kamioka).

The front-end system of the linac consists of a volume
type H™ ion-source with 30 mA peak current, a radio-
frequency quadrupole (RFQ) with 3 MeV output energy
and a medium energy beam transport line (MEBT) for
chopping and matching the 3 MeV beam to the linac. The
linear accelerator consists of a drift tube linac (DTL) with
50 MeV output energy, a separated-type drift tube linac
(SDTL) with 191 MeV output energy and an annular cou-
pled structurelinac (ACS) with 400 MeV output energy. So
far, al the components except the ACS section have been
installed to the tunnel. At present, thelast two SDTL tanks
aretemporaly installed in alinac-to-3-GeV beam transport
line (L3BT) and utilized as debunchers. The output energy
of thelinac is 181 MeV until the ACSisinstalled. At full
capability in the current configuration, the linac will pro-
duce 36 kW output at 181 MeV with 25 mA peak, 0.5 msec
long and 53% chopper beam-on duty factor at 25 Hz repeti-
tion, which correspondsto 0.6 MW output at the RCS. The
upgrade of the front-end system to get 50 mA peak current
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Figure 1: Bird's eye view of the JPARC.

aswell astheinstallation of the ACS for the energy recov-
ery to 400 MeV are essential to achieve our fina goal of
1 MW output at the RCS, which will be performed in the
future.

The linac beam is delivered through L3BT to the RCS
injection point, where it is multi-turn charge-exchange in-
jected with a carbon stripper foil. The RCS accelerates the
injected beam up to 3 GeV with 25 Hz repetition. The cur-
rent injection energy is 181 MeV, for which the RCS will
first aim at 0.3 - 0.6 MW output, and then drive for 1L MW
output after upgrading the linac. The 3 GeV beam from the
RCS is mainly transported via a 3-GeV-to-neutron-target
beam transport line (3NBT) to the MLF and utilized to pro-
duce pulsed spallation neutrons and muons.

A part of the RCS beam, typically 4 pulsesevery 3.64 sec
aretransported viaa 3-GeV-to-50-GeV beam transport line
(3-50BT) to the MR. The MR till accelerates the injected
beam to 30 GeV, delivering it to the hadron experimental
hall by slow extraction and to the neutrino beam line by fast
extraction. The output energy at the MR will be upgraded
to 50 GeV in the second phase of the J-PARC project.

The J}PARC beam parameters are summarized in [1].

Figure 2 shows a timeline of the JPARC commission-
ing. The beam commissioning began in November 2006
and has well proceeded as planned so far. We had 17 run-
ning periodsin total until the scheduled summer shutdown
in 2008. A typical run cycle consists of two- or three-week
beam operation with one-week interval. Thelinac and RCS
have completed initial tunings of their basic parametersin
February 2008, and then since May 2008 the RCS beam
has been supplied within 4 kW output to succeeding MR
and MLF for their beam commissioning. The MR is now
in the middle of the initial beam tuning phase started with
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Figure 2: Timeline of the JPARC commissioning.

the beam storage mode at the injection energy, while the
linac and RCS is in transition from commissioning to the
next tuning phase toward high power operations.

STATUS OF LINAC AND MR

Asthe current status of the linac and MR are mentioned
in [2][3] in details, we will give abrief summary here.

Linac

The linac was commissioned in November 2006, and
successfully accomplished 181 MeV acceleration on Jan-
uary 24, 2007. Discrete eight running periods through June
2007 were dedicated to commissioning the linac, for which
initial beam tunings to secure a beam quality required for
the coming RCS commissioning were completed. Since
October 2007 after the scheduled summer shutdown in
2007, the linac beam has been successfully delivered to the
RCS. Sincethen, thelinac had ninerunsuntil the scheduled
summer shutdown in 2008. While, in the running periods,
the linac focused on providing a stable beam for commis-
sioning first the RCS and then the MR and MLF, further
beam tunings for higher current operations were also con-
tinued according as a progress of the RCS commissioning.

So far the linac has performed various demonstrations
with different beam conditions such as a high peak current
(25 mA) operation, along pulse (0.5 ms) operation and a
high repetition (25 Hz) operation, in which the highest out-
put beam power achieved so far is 3.5 kW at 181 MeV (25
mA peak, 0.12 ms long and 26% chopper beam-on duty
factor at 25 Hz repetition) corresponding to almost 10% of
the current design output. During such demonstrations, no
any problem was observed such as unexpected beam | osses,
and deteriorations of vacuum and RF faults.

The stability and availability of the linac beam is one of
key issues for efficiently commissioning the downstream
facilities. The short-term beam monitoring shows an ex-

cellent stability. The energy and beam position jitters mon-
itored over several hours were less than 20 keV (rms) and
60 um (rms) at the RCS injection including the intrinsic
jitters of the monitor system. Asto thelong-term beam sta-
bility, we have not still had enough data, since the down-
stream facilities are still in the commissioning phase and
the beam conditions, especially chopper conditions, often
changed according to their study items. But in the coming
running period in September 2008, we plan to partly begin
a 24-hour stable beam operation for the neutron target, for
which sufficient data will be accumulated. In the last run-
ning period in June 2008, the availability of the linac was
analyzed. The unscheduled downtime (16.6 hours) for this
period was 6.4% of the total beam-on time (259 hours for
19 days), where only faults longer than one minute was an-
alyzed and most of the downtime (12 hours) was due to a
breakdown of the ion-source filament.

The linac is now stably operated with high availability
and strongly backs up the commissioning of the down-
stream facilities.

MR

The MR was commissioned in May 2008 and smoothly
achieved a beam circulation at the injection energy with a
RF capture on May 22, 2008. So far the MR had discrete
two beam runs until the scheduled summer shutdown in
2008 (for which beam times were shared with the MR and
MLF), for whichinitial beam tunings, such as COD correc-
tions and optics measurements, were successfully begunin
the beam storage mode at the injection energy.

The MR has no beam till the beginning of December
2008, and dedicates this period to the installation and sys-
tem commissioning of the fast and slow extraction com-
ponents and also to the tuning of the main magnet power
supplies. The first trial of 30 GeV acceleration is planned
in December 2008.



OUTLINE OF RCSCOMMISSIONING

The RCS was commissioned in October 2007 and suc-
cessfully accomplished 3 GeV acceleration on October 31,
2007. Discrete six running periods through February 2008
were dedicated to commissioning the RCS, for which ini-
tial beam tunings and lots of data taking necessary for es-
timating a basic performance of the RCS were compl eted.
Then since May 2008 the RCS beam has been delivered
to succeeding MR and MLF for their beam commission-
ing. While since then the priority has been given to their
beam studies, the RCS also continues necessary beam tun-
ings and studies aiming at higher power operations.

Beam condition and injection scheme employed
in the initial beam tuning phase

Most of the initial stage of the RCS commissioning
was performed with low-power and low-duty operations
enough that beam losses were not concern; single bunch
(harmonic number h=2), 4.2x10'! protons per bunch
and beam-on-demand operations (two bunches for h=2,
4.2x10"3 protons per bunch and 25 Hz repetition in the
design operation).

As to the injection scheme in the initial beam tuning
stage, a simple center injection was employed, while the
RCS adopts a painting injection scheme for both transverse
and longitudinal planes to control the charge density of
high power beams.

RCS operation modes

Our beam tuning scenario comprises following four op-
eration modes; (i) injection beam dump mode, (ii) single-
pass extraction mode, (iii) beam storage mode and (iv) ac-
celeration mode.

In the injection area, three types of carbon stripper foils
areinstalled. The 1st oneis the main stripper foil utilized
for the charge-exchange injection for H~ from the linac.
The 2nd and 3rd ones are used for charge-exchanging H ©
and H~ unstripped onthe 1st foil and deliveringthem to the
injection beam dump. In the injection beam dump mode
(i), the 1st foil is removed and the linac beam is delivered
to the injection beam dump. In the injection area of the
RCS, two sets of beam position monitors (BPM) and six
sets of multi-wire profile monitors (MWPM) are installed.
The tunings of injection and dump line orbits and also the
evaluation of Twiss parameters at the injection point were
performed with these monitorsin this mode.

In the single-pass extraction mode (i), the injected beam
is immediately extracted with no circulation as of pass-
ing through one third of the RCS circumference and driven
to the extraction beam dump. This mode was utilized for
roughly checking a matching between the ring dipole mag-
netic field strength and the injection beam momentum in
the beginning of the beam commissioning, and aso for the
orbit tuning and transverse matching of the linac beam.

In the beam storage mode (iii), the RCS is operated like
a storage ring at the injection energy. Our beam tuning
scenario is to first tune up the basic ring parameters such
as optics in the beam storage mode and then to step to the
acceleration mode (iv). Therefore more than half of the
total beam study period assigned for the RCS so far was
used for the beam storage mode.

In the following sections, beam commissioning results
especialy obtained in the beam storage and acceleration
modes are described following the actual beam tuning pro-
cedure.

BEAM STORAGE MODE

In the beam storage mode, at first, the ring dipole mag-
netic field strength was matched to the injection beam mo-
mentum by looking at closed orbit displacements at dis-
persive arc sections. Then the revolution frequency was
measured and the beam was RF captured.

Closed orbit correction

After that, the closed orbit correction was performed.
Figure 3 shows closed orbit distortions (COD) measured
with 54 sets of ring BPM’s before and after the COD cor-
rection by 52 sets of steering magnets. While COD was
observed to be around 10 mm at maximum, it was well
corrected to be less than 2 mm within a few iterations by
using a singular value decomposition solver for a model-
based response matrix of closed orbit positions on BPM's
vs. kick angles of steering magnets.
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Figure 3: Horizontal (upper) and vertical (lower) COD
measured in the beam storage mode before (boxes) and af -
ter (circles) the correction.

Optics measurement and its correction

Then a series of optics measurement was performed.
Figure 4 shows dispersion and betatron amplitude functions
obtained in the first measurement. The dispersion function
was evaluated by looking at a RF frequency dependence
of the closed orbit, while the betatron amplitude function
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Figure 4. Dispersion (upper) and betatron amplitude
(lower) functions observed in the first measurement in the
beam storage mode, where the closed circles are horizon-
tal ones and the open circles the vertical ones. The dotted
curves show reconstructed optical functionsin our calcula-
tion model, while the solid ones the design.

was estimated from a closed orbit response for a kick an-
gle of each steering magnet. Since the ring BPM is in-
stalled inside of the steering magnet and the betatron phase
difference between them is negligible, the betatron ampli-
tude function at each steering magnet can be evaluated viaa
simple formula as a function of observable closed orbit re-
sponse and betatron tune. While the optical functions, beta-
tron tunes, and dispersion and betatron amplitude functions
independently measured were dightly shifted from the set
ones, they were well reconstructed in aunified view (dotted
curves in Figure 4) in our calculation model based on the
SAD [4], by which it was confirmed that a series of optics
measurement was successfully performed. This model fit-
ting in the least-square method fed fudge factors for seven
families of quadrupole magnets, which compensated the
gap of the set and measured optical functions, namely dif-
ferences between the quadrupol e strengths which gave the
design optics system (solid curvesin Figure 4) and the ones
which reconstructed the measured optical functions (dotted
curvesin Figure 4). As shown in Figure 5, the optics sys-
tem was successfully corrected by the fudge factors with
no iteration.

120“‘140“‘160“‘180 200“‘220“

BBV S
240 260 280 300 320 S(sar%)

Ewn A L
\E:zo A “o Ao fba " \ )\

= AN B e/ VY

0 20 40 60 80 100

20?\?5\/*?\1\ N Ao d\

ol N VA

0120‘ . ‘140‘ . ‘160‘

. ‘180‘ . ‘200‘ . ‘220‘ .

30
ZOAAA YIS

WY AT
\/\/U

0 240 260 280 300 320

340
s(m)

Figure 5: Corrected dispersion (upper) and betatron ampli-
tude (lower) functions observed in the beam storage mode,
where the closed circles are horizontal ones, the open cir-
clesthe vertical ones, and the solid curvesthe design.

Chromaticity measurement and its correction

After that, the chromaticity was estimated by looking at a
RF frequency dependence of the betatron tune. The natural
chromaticity was measured to be —10.3/—7.2 for horizon-
tal and vertical. The RCS magnet has a large gap and an
nonlinear behavior of its edge field plays a significant role.
Our calculation model in which such a field nonlinearity
based on the field measurement is included [5] givesacon-
sistent magnitude of —10.4/—6.8, whileitis —8.5/—8.1if
using a simple model with only linear property. The chro-
maticity correction was aso successfully performed with
field strengths of three families of sextupole magnets de-
termined by the calculation model. Figure 6 shows chro-
maticity measured before and after the correction.

Injection error correction

Then finally, residua injection errors, namely betatron
oscillations caused by an offset relative to the closed or-
bit were corrected, for which single short pulse injections,
wherethe beam from theion source was chopped to make a
singleturn (typically 560 nsbunch length), were performed
to clearly catch a betatron oscillation. In this tuning proce-
dure, turn-by-turn beam position dataon two sets of BPM’s
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Figure 6: Horizontal (upper) and vertical (lower) chro-
maticity measured in the beam storage mode before (open
circles) and after (closed circles) the correction.
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Figure7: Horizontal (upper) and vertical (lower) beam pro-
file mountain views for the first nine turns measured with
IPM before (left) and after (right) the injection error cor-
rection.

located at the drift space in the ring were utilized to iden-
tify the phase space coordinates (position and angle) of the
injection beam at the 1st stripper foil [6]. The phase space
coordinates measured at the BPM pair were transferred to
the injection point by a transfer matrix obtained by fitting
the measured optics with our calculation model. The mea
sured injection errorswere well corrected within afew iter-
ations using a model-based or a measured response matrix
of injection beam orbits vs. field strengths of the injection
line magnets. Figure 7 shows beam profile mountain views
measured by ionization profile monitors (IPM) before and
after the correction.
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Figure 8: Horizontal (upper) and vertical (lower) COD
caused by aleakage field from the DC extraction septa ex-
cited at 181 MeV (open circles) and at 3 GeV (closed cir-
cles), measured in the 181 MeV beam storage mode.

Effects of static leakage fields and tune surveys

As shown in Figure 10, the COD before the correction
observed in the 3 GeV acceleration mode gradually gets
smaller as accelerated, which implies that static magnetic
fields from DC-excited magnets located in the extraction
line leak to the ring. The RCS extraction system consists
of eight sets of pulse kickers and three sets of DC septum
magnets. Figure 8 shows COD caused by a leakage field
from the extraction septaexcited at 181 MeV and at 3 GeV,
measured in the 181 MeV beam storage mode; it is a dif-
ference of COD’s observed when turning the septa on (at
181 MeV or 3 GeV) and off. As shown in the figure, the
leakage field is more significant when the septa are excited
at 3 GeV, which makes COD of 12 mm/0.8 mm for hor-
izontal and vertical. The magnitude of the leakage field
was evaluated to be 1.4x 103 Tm/0.9x10~* Tm for nor-
mal and skew dipole components by fitting the measured
COD distribution assuming field error sources at the extrac-
tion area. The leakage field measurement [ 7] was a so per-
formed, which gave a consistent magnitude of 1.7x10 3
Tm (normal). Similar results were obtained also for aleak-
age from DC magnets located in 3NBT; 1.8x10~3 Tm
(normal) /1.6x 10~* Tm (skew) from the COD analysisand
1.9x 103 Tm (normal) from the field measurement. Since
COD caused by aleakagefield can be corrected by steering
magnets, the COD itself will not lead to serious problems.
However, in general, such a leakage field includes higher
order field components such as a quadrupole component,
and can distort a superperiodicity of accelerator, addition-
ally exciting several betatron resonances.

For this concern, betatron tune surveys were performed
in the beam storage mode. Figure 9 shows beam sur-
vivals as a function of the betatron tune; the circles are
the result when the extraction DC magnets are excited at
181 MeV, while the boxes are that excited at 3 GeV for
which the leskage fields are more significant. As shown
in the figure, several betatron resonances were observed;
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Figure 9: Beam survival as a function of the betatron tune
measured in the 181 MeV beam storage mode when the
extraction DC magnets were excited at 181 MeV (circles)
and at 3 GeV (boxes).

half integer resonance 2Q,=13 and linear coupling sum
resonance Q. +Q,=13, and 3rd order structure resonance
Q. —2Q,=—6fromthe chromaticity correction sextupoles.
This figure shows the leakage fields enhance the half inte-
ger and linear coupling resonances, which means there ex-
ist significant normal and skew gquadrupole components in
the leakagefields. For this concern, we plan to install addi-
tional shields to get one-order of magnitude smaller leak-
age than the current one.

ACCELERATION MODE

We went about atuning for the accel eration mode viathe
basic parameter tuning in the beam storage mode.

The RCS focusing structure consists of 24 dipole mag-
nets (1 family; called BM) and 60 quadrupole magnets (7
family; called QFL, QDL, QFM, QDX, QFN, QDN and
QFX, where QF and QD mean horizontally and vertically
focusing quadrupoles), which are excited with a25 Hz DC-
biased sinusoidal current pattern in eight independent res-
onant networks. Also in the acceleration mode, at first, the
strength at the bottom (at the injection) of the ring dipole
magnetic field pattern was fitted to the injection energy.

RF frequency and closed orbit corrections over
the acceleration cycle

Then the RF frequency and COD over the acceleration
period (20 ms) were corrected. As aready mentioned,
COD'’s from different sources, such as COD caused by
static leakage fields (variable as accelerated) and COD
caused by field and alignment errors (almost constant over
the revolution), were separately measured in the beam stor-
age mode. Using such data, the steering magnetic field
patterns for the acceleration were made in advance, with
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Figure 10: Horizontal (upper) and vertical (lower) COD
measured over the acceleration process (20 ms) before
(boxes) and after (circles) the COD correction.

90

T
calc

80 measured .
70
60 M‘f\ﬁ\%

AN

¢ [deg]

o < a\
o \
w0l \

0

0 5 10 15 20
time [ms]
Figure 11: Synchronous phase measured over the accelera-
tion time; the blue curveis the measured one, while thered
curve the calculated one assuming that the RF voltageis a
pure sine-wave.

which COD over the acceleration time was roughly cor-
rected from the beginning of the tuning in the acceleration
mode. Under such a situation, the RF frequency was first
corrected so as to minimize a deviation of the horizontal
closed orhit especialy in the dispersive arc sections caused
by a mismatch to the dipole field pattern, and then resid-
ual COD was corrected by modifying the steering field pat-
terns. In this way, the effects for transverse and longitudi-
nal motions were separately well compensated. Figure 10
shows COD observed over the acceleration process with-
out and with the COD correction by the steering magnets.
As shown by circles, it was well corrected to be afew mm
over the revolution.

Synchronous phase

Figure 11 shows a synchronous phase (¢.) measured
over the acceleration time, where the blue curve shows the
measured one, and the red curve the cal culated one assum-
ing that the RF voltage is a pure sine-wave. They arein
good agreement, by which it was confirmed that the RF
voltages set and actually felt by the beam were consistent
with each other [8]. The dlight difference from 3 msto 7
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ms is from a 3rd harmonic component intrinsic in the RF
voltage. Therefore the agreement got much better by can-
celing the 3rd harmonic component by a counter phasing
which set the odd and even ones out of 10 cavities at +30
degrees|8].

The longitudinal phase and profile and also the closed
orbit (mentioned in the last subsection) were reproductive
every cycle especially in virtue of the excellent stability of
the linac energy, the ring dipole magnetic field and the RF
frequency and voltage.

Optics over the acceleration cycle

After fixing the closed orhit, the betatron amplitude
function at the injection was evaluated by observing beta-
tron tunevs. strength of each quadrupolefamily in order to
confirm the consistency among the optical properties at the
bottom of the acceleration pattern and in the beam storage
mode. They werein good agreement asshownin Figure 12.

Figure 13-(b) and -(c) show betatron tune excursions
measured over the acceleration process, which reflect a
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Figure 14: Horizontal dispersions measured at 12 ms (cir-
cles), 15 ms (boxes) and 18 ms (triangles) in the accelera-
tion period (20 ms), where the solid curves are the design.

magnetic field tracking error among main dipole and
quadrupole families. While the field pattern of the main
dipole and quadrupole magnets is to be closely corrected
to ideal sinusoidal wave form within a few x10~* by us-
ing high frequency waves, only the dipole field pattern is
still slightly shifted from the ideal form by 0.2% at max-
imum due to the limit of its power supply capability as
shown in Figure 13-(a). The solid curvesin Figure 13-(b)
and -(c) show calculated tune excursions assuming the de-
viation of the dipole field pattern. While the tendencies of
the calculated and measured tune variations are very alike,
there still remains a dight difference, which implies there
exist dight tracking errors a so among the quadrupol e fam-
ilies. The measurements of betatron amplitude functions
as well as betatron tunes over the acceleration time, which
will be performed in the near future, give us more precise
information on the field tracking error, leading to a closer
field tracking which settles the tunes, and also its applied
scheme which dynamically moves the tunes over the accel-
eration by adjusting DC, AC components and phase of the
quadrupolefield patterns. The dynamical tune control will
be very useful to manage beam losses especially for higher
power operations[9].

Figure 14 shows dispersion functions observed at 12 ms,
15 ms and 18 msin the acceleration period (20 ms). They
are almost consistent with that tuned up in the beam storage
mode. The chromaticity was also measured over the accel-
eration time. At present the chromaticity correction sex-
tupole magnets are excited with DC power supplies and the
chromaticity is corrected at the injection energy. Therefore
the chromaticity gradually recovers as accelerated. The
measured result reasonably shows such a situation.

Through such a series of measurement, it was confirmed
that the optics over the acceleration process adequately
kept the condition determined in the beam storage mode.

High beam power demonstrations

After the initial beam tuning procedure mentioned
above, we performed high power demonstrations at 25 Hz



repetition for four minutes up to the limit of the beam dump
capacity (within 4 kW in 1-hour average), in which 52 kW
output was successfully achieved; 1-bunch operation with
4.6x10"2 protons per pulse using the linac beam of 25 mA
peak, 0.12 mslong and 26% chopper beam-on duty factor.
The demonstration was carried out with no painting injec-
tion, for which the beam loss rate was 6.5% only around
the injection energy, corresponding to 200 W in power for
the collimator limit of 4 kW. During the demonstration, no
any trouble, such as beam instabilities, unexpected beam
losses and degradations of vacuum, was observed.

In addition we demonstrated a 2-bunch operation and
successfully achieved the acceleration and extraction of
1.1x 10" particles per pulse. No significant beam loss was
observed at the extraction and the beam loss rate was sim-
ilarly 6.5% only around the injection energy. While this
demonstration was performed with no repetition (namely
beam-on-demand operation), the output power corresponds
to 130 kW if performing 25 Hz repetition. Thisis the max-
imum instantaneous output achieved so far at the RCS.

PAINTING INJECTION

We have recently performed a preliminary test of trans-
verse and longitudinal painting injectionsin the beam stor-
age mode using a long pulse with a design length of 0.5
ms (5 mA peak, 0.5 ms long and typicaly 26% chopper
beam-on duty factor, corresponding to single-bunch opera-
tion with 4.2x10'2 per bunch at the RCS).

For the transverse beam painting, two types of orbit-
bump systems are prepared. One is the shift-bump system
to make an orbit offset at the injection point, which pro-
duces a flat top field during the multi-turn injection. The
other is the paint-bump system to make a time dependent
bump orbit at the injection point for the beam painting. In
the horizontal plane the injection beam was painted from
insideto outside of the RCS beam ellipse in the phase space
by shifting the closed orbit, while in the vertical plane the
injection beam was moved from inside to outside or from
outsidetoinside. A seriesof tuning procedurefor the paint-
ing, such as identifying injection-beam phase-space coor-
dinates relative to the closed orbit at the injection point
over the beam painting process and changing the paint-
ing area, was successfully demonstrated in the beam stor-
age mode [6][10]. Figure 15 shows beam profile mountain
views measured with IPM for the beam painting of 1007
mm mrad (2167 mm mrad in the design).

On the other hand, the longitudinal beam painting was
performed by combination of the momentum-offset injec-
tion scheme, in which the RF frequency had an offset, and
superposing a 2nd harmonic RF voltage to widen and flat-
ten the RF bucket. The phase sweep of the 2nd harmonic
RF voltage relative to the fundamental one was also em-
ployed so that the shape of the RF bucket was dynamically
changed through the injection process. For improving a
degradation of the bunching factor, the longitudinal mo-
tion was surveyed for various parameters [11] preliminar-
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Figure 15: Horizontal (left) and vertical (right) beam pro-
file mountain views for the injection period (0.5 ms) mea
sured with IPM for the transverse beam painting of 1007
mm mrad, where the injection beam was painted from in-
side to outside of the RCS beam €llipse in the phase space
for both horizontal and vertical.
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Figure 16: Longitudinal beam profile mountain views for
theinjection period (0.5 ms) measured with WCM without
(upper) and with (lower) the longitudinal beam painting.

ily inthe beam storage mode. Figure 16 showslongitudinal
beam profile mountain views measured with awall current
monitor (WCM) without and with the longitudinal paint-
ing, where the 2nd harmonic component with amplitude of
80% for that of the fundamental voltage, its phase sweep-
ing from —60 to O degrees and the RF frequency offset
corresponding to —0.2% momentum offset were employed
for the beam painting. The figure clearly shows the effec-
tiveness of the momentum offset and the superposition and
phase sweeping of the 2nd harmonic component.

While the painting injection scheme is very effective to



control the chargedensity of the beam, it increases particles
with large amplitudes for both transverse and longitudinal
planes, and possibly causes some issues by their nonlinear
behavior. In order to gain the sufficient ability of the paint-
inginjection, itisessential to fulfill the global optimization
for various parameterscomplicatedly intertwined with each
other; the search of the bare working tune having adynamic
aperture large enough for the transverse painting area, the
optimization of the tune variation to keep the beam sta-
ble over the revolution considering the bare working point
set at the injection and the magnitude and footprint of the
space-charge tune shift, the balance of the transverse and
longitudinal painting areas and so on. In the next running
period in September 2008, we will try such a optimization
procedure using a high intensity beam with 200 kW output
or more.

RESIDUAL RADIATIONSOF RCS

Residua radiation surveys for the accelerator compo-
nents have been performed after every beam run, where the
radiation level is measured with contact on vacuum cham-
ber typically half day after the beam shutdown. Here we
show a result of the residua radiation survey performed
after the run period in February 2008 for which the high
power demonstration, mentioned in the last section, was
performed.

The highest level was detected to be 120 pSv/h at the
entrance of the collimator section located just downstream
of theinjection area. Asto theinjection area, the radiation
level was around 16 pSv/h or less, where there are many
possible sources of particle losses such as Lorentz strip-
ping, HO excitation and foil scattering. The most significant
beam |oss source at the injection is the scattering on the 1st
stripper carbon foil. At present, the center injection is typ-
ically performed, and the present falling time of the injec-
tion orbit bump (500 usec) is longer than the design time
(180 psec). In addition, the size of the 1st stripper foil is
il larger than a proper size. These situations increase the
frequency of the foil scattering; it is eight times larger than
the design and its resultant beam lossrate is estimated to be
1.5% [6][12]. Most of the lost particles should be localized
on the collimator, but some of them with large scattering
angles lead to uncontrolled beam losses just downstream
of the injection section. The radiations mentioned above
probably come from such a particle loss.

While aso at the locations with large dispersion, some
radiations, 3.5 - 12 uSv/h, were detected, they probably
come from beam | osses during the RF tuning and the longi-
tudinal studies. As to the extraction section, no significant
radiation was detected.

At present, there is no significant machine activation and
it looks particle losses are ailmost localized on the colli-
mators [13]. However we have not still had enough data
on the machine activation for continuous beam operations,
because so far low-duty and beam-on-demand operations
have typically been employed for the RCS. We hereafter

need to still more carefully monitor the trend of the resid-
ual radiation level, as the continuous beam operation for
the MLF beginsin September 2008.

PROSPECT OF J-PARC
COMMISSIONING

The schedule of the JPARC beam commissioning in the
next one year is summarized here.

Now we are in the scheduled summer shutdown. The
beam test will be re-started in September 2008. In Septem-
ber and October, only the linac and RCS have beam runs,
for which, first, we will take the government inspection for
the ML F and then continuous beam operationswithin 4 kW
output at 3 GeV are planned for the MLF. In this period,
high power demonstrations with 200 kW output or more at
3 GeV will be also performed with the painting injection.

The MR has no beam through the beginning of Decem-
ber 2008, and dedicates this period to the installation and
system commissioning of the fast and slow extraction com-
ponents and also to the tuning of the main magnet power
supplies. As to one month in November, the installation
and system commissioning of the 11th RF cavity are also
planned at the RCS, and thus the J}PARC have no beam for
this period.

Then in December 2008 we will try the acceleration to
30 GeV and also the fast and slow extractions at the MR.
User runswill also start at the MLF in December with first
4 kW beam and then hopefully 100 kW. Then the MR will
start to deliver the beam to the hadron experimental hall in
February 2009 and then to the neutrino beam line in April.

SUMMARY

The JPARC has been commissioned since November
2006. The linac and RCS have completed initia tunings
of their basic parameters in February 2008, and then since
May 2008 the RCS beam has been supplied to succeeding
MR and MLF for their beam commissioning. The linac
and RCS is now in transition from commissioning to op-
eration, and our efforts hereafter will be focused on high
power operations introducing the beam painting scheme.
On the other hand, the MR is how in the middle of the ini-
tial tuning phase started with the beam storage mode at the
injection energy. The JPARC beam commissioning has
steadily proceeded as planned so far.
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