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Ultra-slow muon production at the RIKEN-RAL muon facility
based on muonium emission from silica aerogel
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Positive muons having an energy of a few eV, the
so-called ultra-slow muons, are generated by laser ion-
ization of thermal muonium atoms (Mu) in vacuum.
By accelerating them through an electrostatic field,
a variable-energy muon beam with an extraordinar-
ily small energy spread can be realized1,2). This tech-
nique has therefore attracted attention for advanced
µSR studies and for measurement of the muon anoma-
lous magnetic moment, g-2, and electric dipole mo-
ment at J-PARC3).

One of the key issues with ultra-slow muon pro-
duction is how to generate more Mu in vacuum. Re-
cently, we successfully observed Mu emission into vac-
uum from a silica aerogel with a uniform surface4),
and subsequently realized that a silica aerogel having
a non-uniform structure with hole-like regions created
by laser ablation leads to an emission that is higher
than that for uniform one by one order of magnitude5).
Compared to the conventional tungsten heated to 2300
K1,2), this room-temperature silica-aerogel has signif-
icant advantages: it is easy to handle because of no
significant heat radiation; its lower Mu energy distribu-
tion leads to a smaller emittance of the ionized source;
its smaller spatial spread and smaller Doppler broad-
ening results in more efficient use of the available laser
power.

As the next step, we will perform a demonstration
and R&D study of the actual ultra-slow muon produc-
tion using a silica-aerogel target at the RIKEN-RAL
muon facility (Port 3). The new experimental setup
is shown in Fig. 1. Ultra-slow muons will be ex-
tracted at an angle of 45-degrees to avoid a straight
beam background with a rotationally-symmetric elec-
trostatic field (SOA lens); these muons will be detected
by a Micro-Channel Plate (MCP) detector with a slit
system to evaluate the beam characteristics. The Mu
spin is controlled using three-axis Helmholtz coils. A
µSR counter set is used for measurement of the Mu
production rate, control of Mu spin and optimization
of stopping.

Commissioning runs without the laser system were
peformed in September and December 2015. After in-
stalling the laser system in early 2016, we plan to pro-
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duce the first ultra-slow muon beam with an aerogel
target. Then, we hope to start optimization towards
a higher yield with the shape of the structured aero-
gel target and by efficiently increasing the Lyman-α
irradiation using reflection mirrors installed near the
target.
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Fig. 1. New experimental setup at the Port 3 beam line

of the RIKEN-RAL muon facility for ultra-slow muon

study based on muonium emission from a silica aerogel

target.
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Development of a slow muon detection system
for a muon acceleration

R. Kitamura∗1,∗2 for the J-PARC muon g-2/EDM Collaboration

The measured value of the muon anomalous mag-
netic moment (g-2) differs from the theoretical value by
about three standard deviations1). Given that muon
anomalous magnetic moment may provide important
evidence for the physics beyond the Standard Model,
more precise measurements are awaited. A new exper-
iment for the precise measurement of the g-2 and the
search for the muon EDM using novel techniques has
been planned at J-PARC. One of the most important
techniques is the world’s first muon RF acceleration to
212 MeV.

For efficient beam capture in the RF accelerator,
the input muon beam should have low emittance and
low energy (5.6 keV in our case). The conventional
surface muon beam typically has 4 MeV energy and
large emittance; therefore we plan to develop the low-
emittance input beam by using the following method.
The muon beam is irradiated onto a thin metal foil.
Some of the muons are decelerated to the sub-keV2)

band after passing the foil. Subsequent acceleration to
5.6 keV by an electro-static“ SOA lens” will give us a
low-emittance beam.

An experiment to establish the muon deceleration
and electro-static acceleration was planned in Feb.
2016. Figure 1 shows the experimental setup. After de-
celeration and acceleration, the muons are transported
to the detection system by a series of electro-static
quadrupoles and an electro-static bending. The detec-
tion system consists of a microchannel plate (MCP)
surrounded by scintillation counters with MPPCs. In
this paper, we report on the development of the slow
muon detection system.

The MCP counts the number of muons with energy
in the order of a few keV. The gains of MCP for sev-
eral kinds of particles including low-energy electrons
were measured in order to confirm the muon detec-
tion capability3). The measured gain for the electron
with 500 eV was 2.1 × 107 and is sufficiently large for
the detection. The gain depends on the number of
secondary electrons generated by the bombardment of
the incident particle on the surface of the MCP. The
estimated number of secondary electrons for the low-
energy muon is expected to be more than that for the
electron based on our measurements and the calcula-
tion of the energy deposit. We conclude that the ex-
pected gain for the muon is sufficiently high to count
the low-energy muons.

The scintillation counters are utilized for muon iden-
tification by detecting the decay positron from the
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Fig. 1. Detection system for the slow muons comprising de-

tectors (MCP and decay positron counters), the electro-

static lens, and the electro-static bending.

muon stopped in the MCP. A large acceptance and
a large light yield are required to detect as many de-
cay positrons as possible with high efficiencies. The
positron counters consist of plastic scintillators, wave-
length shifting fibers, and MPPCs to satisfy those re-
quirements. In the cosmic-ray test, we observed the
mean light yields of more than 120 photo emissions
and obtained counting efficiencies of more than 99.8 %
with 90 % confidence level4).

Finally, the expected signal and background rates
were evaluated using the GEANT4 simulation. The
simulation showed that the dominant backgrounds at
the MCP were decay positrons from incident beam
muons; many muons were stopped at the thin metal
foil used for the deceleration or the electro-static bend-
ing, and subsequently the decay positrons directly im-
pacted the MCP. A lead shield configuration was op-
timized with the simulation in order to reject these
positron backgrounds. The noise to signal ratio after
the optimization was evaluated to be 4.9 × 10−3. We
concluded that it is sufficiently low for the experiment.

In summary, we developed two kinds of detectors,
MCP and positron counters, to measure the intensity
of the slow muons. We confirmed their good perfor-
mances and we are ready for demonstration with the
muon beam.
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