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The world strongest pulsed muon facility will be established in 2007 as
one of five experimental facilities in J-PARC (Japan Proton Accelerator Re-
search Complex). From the muon target irradiated by 1-MW proton beam
(3 GeV × 333 µA, 25 Hz repetition), intense muon beam can be provided to
four secondary muon beam lines. Each secondary line is designed to extract
characteristic muon beam to be utilized for various kinds of muon science.

1 Outline

The project of a new high intensity proton accelerator has been jointly progressed between
JAERI and KEK. This project, called J-PARC (Japan Proton Accelerator Research Com-
plex), is in a stage of construction since 2001 toward the first beam in 2007.

An accelerator complex of J-PARC consists of a 400-MeV linac, 3-GeV rapid cycling
synchrotron (RCS) and 50-GeV main synchrotron ring (MR). About 90% of 3-GeV, 333-
µA (1 MW) beam is transported to Material and Life Science Facility (MLF), and the
remain of proton beam is sent to MR to accelerate and deliver to the hadron facility and
the neutrino beam line. Accelerator-driven transmutation experimental facility is also
planed to be constructed at the extension of the 400-MeV linac.
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Figure 1: Accelerators in J-PARC

MLF is located at the central place of MR, and consists of Muon Science Facility and
Japan Spallation Neutron Source (JSNS). The muon target is located about 30-m up-
stream of the neutron target. This tandem design is similar to ISIS proton synchrotron
facility, Rutherford Appleton Laboratory, UK, in compare with present Booster syn-
chrotron facility, KEK, where the muon and neutron facility have their own proton beam
dump and switch the beam time periodically. In J-PARC, 3-GeV proton beam passes
through the muon target and then reaches the neutron target, and thus both secondary
muon beam and neutron beam are obtained simultaneously.

2 Beam line design

As shown in Fig. 2, the proton is transported from the left side to the right side of the
neutron target through the muon target. The secondary beam lines of Muon Science
Facility are extracted from the target; two lines are at 60 degree (forward) with respect
to the primary beam, and the other two are at 135 degree (backward).

The forward lines are designed to transport ‘decay muon’. The front magnets transport
pions to decay section of solenoid magnet, and then either positive or negative muons are
transported to experimental areas. Two backward lines are designed to transport ‘surface
muons’, which originate from pions stop at around the target surface. Surface muons
have monochromatic momentum of 30 MeV/c. Because the primary beam has a time
structure with two bunches, muon beam has a double pulse structure in a beam spill;
100-ns full-width pulse 600-ns apart from each other. In order to make a single pulse or
to make a shorter pulse, we will adopt a kicker or slicer system.

One of the decay-muon lines (upper right) will be utilized to obtain relatively high
momentum muon beam up to more than a few hundreds MeV/c, while the conventional-
design decay-muon line (lower right) transports up to around 100 MeV/c. A plan exists
for the lower left beam line to construct a large solid angle axial focusing superconducting
surface muon channel, which was developed at KEK [2]. However, in the first phase of
J-PARC construction, the muon group decided to concentrate on the construction of the
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conventional decay muon beam line, and then a surface muon beam line.
Due to severe effect of radiation around the muon target and its downstream, the

primary beam line is constructed in a 14-m-width tunnel. The tunnel is filled with the
beam line components, such as the target chamber, the magnets and radiation shields.
After beam is on, hand-on maintenance of those devices becomes very difficult. Thus, the
design of beam line have to be fixed for some extent even for beam lines constructed in
the second phase or later. Namely, the beam optics of a beam line constructed in future
is restricted. On the other hand, because the effect of residual activity is not serious in
the upstream of the muon target, we prepared a target station space and two secondary
beam line tunnels at about 15-m upstream.

Figure 2: Plan view of Material and Life Science Facility

3 Muon yield

We adopt 2-cm thickness graphite, of which density is 1.8 g/cm3, as the pion production
target. In this case, more than 90% of proton beam is guaranteed to be transported to
the neutron target. About 2% of 3-GeV proton yields pion. Taking into account the solid
angle of injector magnet and transmission efficiency of the beam line, the muon yield at
the experimental area is evaluated to be 5 × 106 µ+/s and 1 × 106 µ−/s for around 60
MeV/c with 10% momentum spread at the decay-muon beam line, 1 × 107 µ+/s at the
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surface-muon beam line. Comparable number of surface muons are also available in the
decay-muon beam line. The beam spot size is about 25 mm, almost the same as that of
primary beam on the pion-production target. These muon intensity corresponds to about
ten times lager than those of the RIKEN-RAL Muon Facility [3].

4 Muon science in J-PARC

Scientific programs towards J-PARC has been discussed in the J-PARC Muon Science
Advisory Committee (MuSAC), which is organized under the J-PARC Project Direc-
tor during construction period [4]. The committee has been organized since 2003, and
reviewed and advised both project definition of the facility and content of the 1st experi-
mental program.

The committee discussed the following programs in addition to condensed matter stud-
ies using muon spin as a probe:

• muon catalyzed fusion (µCF) study in high temperature and high pressure solid

• resonant formation study in µCF under controlling initial D2 state.

• studies of µCF processes by X-ray measurements

• negative muon lifetime and a muon capture rate in liquid hydrogen

• Mu-Mu conversion

• high precision spectroscopy of muonium atomic levels

User programs can be started from 2009 after beam commissioning in 2008. Before
that, more serious discussion about the ‘day-one’ experiments have to be done, taking
into account design of beam line and also experimental area.

The overall information about J-PARC can be obtained in the reference [5].
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