
2.3. Muon production at accelerator facilities

107

106

105

104

103

102

N
 [m

A-
1 s

-1
]

p [MeV/c]
10 15 20 25 30 35 40

µ
�

µ
+

Figure 2.4: Muon rate at the ⇡E1 beam line at PSI as function of the muon
momentum. The muon rates are given per mA proton current hitting the
pion production target. Adapted from [21].

2.3.1 Low-energy muons
Muons with momenta lower than 29.8 MeV/c arise from muons emitted at some
depth from the production target surface. However, the obtainable muon rates are
decreasing drastically with decreasing momentum, as illustrated in Fig. 2.4. The fig-
ure shows the rates of µ+ and µ�, respectively, which can be obtained at the ⇡E1
beam line at PSI per mA proton current. To obtain µ+ with even lower energy at
reasonable muon rates, a moderation scheme is required. In the following, three
methods are presented which can be used to moderate the µ+ down to energies in
the keV regime.

Muon cooling via Mu formation and ionization

One possible method to obtain low-energy muons is to first slow down a surface
µ+ beam in a hot tungsten foil, or Si powder, or an aerogel. These materials act
first as moderators and then as converters of µ+ into muonium (Mu=µ+e�) atoms.
Muonium is the bound state of an electron and the positive muon, analogously to
the hydrogen atom. A fraction of these µ+ is thus emitted from the converter surface
as Mu atom with energies in the eV regime. Afterwards, the ionization of muonium
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