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Abstract. The muon facility, J-PARC (Muon Science Establishment; MUSE), has been 
operated since first beam in 2008. Starting with a 200 kW proton beam, the beam intensity has 
reached 3106/ muons/s, the most intense pulsed muon beam in the world.  A  2 cm thick 
graphite target permits the extraction of four secondary muon beams. A brand new beam line, 
the H line, is planned to be constructed. The new beam line is designed to have a large 
acceptance,  will provide the ability to tune the momentum, and use a kicker magnet and/or 
Wien filter. This beam line will provide an intense beam for experiments that require high 
statistics and must  occupy the experimental areas for a relatively long period. 

1. Introduction 
The Japan Proton Accelerator Research Complex (J-PARC) project was proposed jointly by the Japan 
Atomic Energy Agency (JAEA) and the High Energy Accelerator Research Organization (KEK) [1]. 
The new facility consists of a 400 MeV linac and 3 GeV and 50 GeV synchrotron rings. These provide 
an intense proton beam to pursue particle and nuclear physics, materials and life science and nuclear 
technology. A 1 MW proton beam is transported from the 3 GeV synchrotron ring to the Materials and 
Life Science Facility (MLF), which consists of the muon and the spallation neutron facilities. As 
shown in Fig. 1 and 2, the proton-beam-line tunnel runs through the center of the MLF building from 
the north to the south. The east and the west wings are experimental halls where the neutron and muon 
beam lines will be constructed. In order to avoid the diffusion of radioactive contamination, and to 
make the structure of the radiation shield simple, the proton-beam transport tunnel is isolated from the 
experimental hall. Therefore the beam transport tunnel divides the MLF building into east and west 
wing. Although this building designs achieves its purpose, the design of the secondary beam lines is 
under severe geometrical constraints. 
The muon-production target is inserted 30 m upstream of the neutron target in the proton beam line. 
From the muon target, we decided to extract four muon beam lines. Each of them provides the world-
strongest pulsed muon beam with an individual design concept to be used for a variety of muon 
science experiments. Two of the secondary beam lines are extracted at the angle of 60 degrees to the 
proton beam line (forward), and the others are at 135 degrees (backward) [2]. 



 
 
 
 
 
 

 

Figure 1. A schematic drawing from 3-GeV rapid cycling synchrotron (RCS) to MLF 
 
The decay muon beam line (D line) was constructed first, and this is the only existing beam line. The 
D line extracts both negative and positive decay muons up to a momentum of 120 MeV/c, as well as 
30-MeV/c surface and cloud muons [3]. This high momentum-tuneability meets the wide demands of 
user programs. The second beam line to be constructed in JFY2011 is the large acceptance beam line, 
the U line, which provides the most intense surface-muon beam of the four secondary lines [4]. This 
intense beam is used to generate an ultra slow muon beam by the laser resonant ionization method [5]. 
The remaining two beam lines, the S and H line, are located in the east experimental hall, and the 
construction will start in calendar 2012. The S line is designed to transport surface muons to several 
experimental areas by using kicker devices to dedicated SR spectroscopy. Many sample materials 
can examined simultaneously under a variety of conditions. A typical period of an experiment in the 
field of material science is a few days to obtain enough statistics for SR spectrum of sample materials. 
Therefore, a study requiring much higher statistics [6-8] does not match the design of the  of S, D or U 
lines. The fourth beam line, the H line, aims to answer the demands for experiments [6-8] that need 
high statistics, i.e. the use of a high intensity beam for a long period (more than one year). 
 

 
Figure 2. The layout plan of MUSE. 
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2. Beam line optics 
The intended experiments in the H line require high statistics and therefore a high intensity beam. 
Momentum tuneability is also needed. Both features will be important for potential experiments in the 
future. The design of the H line will meet these two needs. The basic idea of the beam line optics was 
proposed to use a large-aperture muon-capture solenoid, a wide-gap bending magnet and a pair of two 
solenoid magnets that have opposite-direction fields to each other [9]. Conventional matrix 
calculations are not applicable because the near-axis approximation is not good in a large-aperture 
solenoid. Thus,  G4BEAMLINE [10] is applied for optics calculation, and detailed design work is in 
progress. 
The front-end capture solenoid magnet (HS1) consists of 8 coils, and three kinds of currents are 
supplied to the first, the second and the remaining coils. The first coil provides the main capture field, 
and by tuning the second and the remaining coils, the beam profile is minimized near the first bending 
magnet (HB1) and the gate valve (HGV1) which separates the beam line vacuum of the secondary line 
from that of the primary line to make the maintenance of the secondary line free from the primary line 
operation. The second solenoid magnet (HS2) makes either a parallel or weak-focusing beam by a 
weak field, enabling the installation of a Wien filter or other non-transport magnet like kicker magnets 
proposed in the experiment [8]. The third solenoid magnet (HS3) provides a field in the opposite 
direction to HS2 to cancel the beam-profile rotation by HS2. This cancelling function does not depend 
on the momentum, and thus beam loss due to momentum dispersion at the second bending magnet 
(HB2) are reduced. The final focusing (FF) magnets are discussed separately [11]. 
Figure 3 shows the result of a typical transport calculation. The beam is delivered to the first 
experimental area which is the nearest to the muon source. If HB2 is turned off, the beam will go 
straight ahead, so that the beam can  be transported to the other experimental areas by applying the 
pair of opposite-direction solenoid field magnets. Thus the H line can provide intense beam to a few 
experiments that use different apparati and cannot share a common experimental area. 

 

Figure 3. A typical result of a G4BEAMLINE calculation. The blue lines are beam trajectories (left). 
The surface muon beam from a point source is transported to the first experimental area through three 
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solenoid magnets and two bending magnets. The Wien filter and the kicker magnets are also shown, 
but they are not in use in this calculation. The beam profile at the exit of HS3 and HS2 are shown at 
the upper and lower right. 

3. Summary 
The beam optics calculation predicts a high transmission efficiency: more than 80% of the captured 
muons can be transported. The detailed design work of each magnet and other beam-line components 
is in progress, and the result will be fed back to the optics calculation. 
As stated earlier, the muon facility has been under operation since 2008. The temporary radiation 
shields have been placed the in H line, and they have been activated. The radiation dose from the 
residual activities is expected to reach the order of 1 Sv/h in the next year. Thus HS1, HB1 and the 
other front-end devices will need to be installed in the next year. The mechanical design work is in 
progress along the design strategy for devices in a high radiation field [12]. 
In summary, the H line will be constructed in the world’s strongest pulsed muon facility, MUSE. A 
high intensity muon beam is provided for the proposed experiments [6-8] in order to observe new 
physics beyond the standard model. 
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