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Table 1: Parameters of the target and incident proton beam.
Carbon target parameters are taken from [1], without the
dump, with the target radius increased to 10 mm, and a
corresponding increase in the proton beam size. For mercury,
the target, proton beam, and solenoid axis lie in the same
plane at the crossing point, with the proton beam to the
outside. The optimization process for obtaining the target
geometry is described in [2].

Material C Hg [3]
Target Radius (mm) 10.00 4.04
RMS Beam Size (mm) 2.5 1.212
Target Tilt (mrad) 65 127
Crossing Angle (mrad) 0 20.6
Proton Energy (GeV) 6.75 8
Geometric Emittance (µm) 5 0

Abstract
In high-intensity sources, muons are produced by firing

high energy protons onto a target to produce pions. The
pions decay to muons which are captured and accelerated.
In the present study, we examine the performance of the
channel for two different target scenarios: one based on liq-
uid mercury and another one based on a solid carbon target.
We detail the design and optimization o fhte system and
its integration with the rest of the muon capture channel.
With the aid of numerical simulations, we estimate the num-
ber of captured muons for the two different target concepts
and specify the needed key lattice parameters such as the rf
cavities, rf gradients, and solenoidal fields for each case.

PARTICLE DISTRIBUTIONS
We produce particle distributions from mercury and car-

bon targets under similar conditions. A proton beam hits
a target, with the relevant parameters described in Table 1.
The target is in a field that peaks near 20 T at the center of
the beam-target crossing, and tapers down to 2 T just under
5 m downstream, and continues at that field downstream
∗ This manuscript has been authored by employees of Brookhaven Sci-
ence Associates, LLC under Contract No. DE-SC0012704 with the
U.S. Department of Energy. The United States Government retains a
non-exclusive, paid-up, irrevocable, world-wide license to publish or
reproduce the published form of this manuscript, or allow others to do so,
for United States Government purposes.

† Operated by Fermi Research Alliance, LLC under Contract No. DE-
AC02-07CH11359 with the United States Department of Energy.

Table 2: Solenoid coil geometries and currents [4].

Inner Outer Front End Current
Radius Radius Position Position Density

(m) (m) (m) (m) (A/mm2)
0.160 0.208 −0.814 0.810 20.577
0.211 0.263 −0.814 0.810 17.503
0.267 0.323 −0.814 0.810 14.964
0.326 0.387 −0.814 0.810 12.855
0.390 0.456 −0.814 0.810 10.989

1.200 2.000 −2.017 1.378 19.098
1.200 1.791 1.378 2.198 21.103
1.200 1.230 4.581 6.214 43.579
1.200 1.251 6.340 6.563 43.249
1.200 1.238 6.615 7.179 43.643
1.200 1.235 7.258 9.402 43.332
1.200 1.360 9.520 9.670 42.882
1.000 1.160 10.330 10.480 42.882
1.000 1.035 10.630 14.400 42.882
1.000 1.160 14.550 14.700 42.882
1.000 1.160 15.330 15.480 42.882
1.000 1.035 15.630 19.430 42.882
1.000 1.160 19.580 20.180 42.882

from that point. The solenoids that produce this field are
described in Table 2; the choice of this field profile was
based on [5]. A beam pipe with an inner radius of 13 cm
surrounds the target and extends downstream to 85 cm from
the beam-target crossing point. Downstream from there, the
beam pipe has an inner radius of 23 cm. Particle production
computations were performed using MARS15(2014) [6, 7].
We found that the choice of event generator parameters

for nuclear inelastic interactions had a significant impact on
particle production, as shown in Figs. 1 and 2. In contrast
to [2, 3], but like [1], these studies use IQGSM=1, the cur-
rent MARS15(2014) default [7]. Pion production per unit
of proton power in mercury is notably higher than in carbon
for lower pion energies, but the production rapidly becomes
closer above 250 MeV (Figs. 3 and 4). The differences are
much larger for negative than for positive pions. Thus the
particle capture system should be optimized differently for
a mercury than for a carbon target due to the lower-energy
spectrum in mercury. Furthermore, the difference in the
spectral shape between positive and negative pions in mer-
cury requires that the optimal capture parameters for positive
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Figure 1: Pion spectrum from carbon, 2 m down-
stream from the beam-target crossing, with IQGSM=0 in
MARS15(2014) [7], corresponding to the default value used
in [2, 3].
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Figure 2: As in Fig. 1, but with IQGSM=1, the current
MARS15(2014) default [7].
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Figure 3: Distribution of positive pions 2 m downstream
from the beam-target crossing point for a mercury target
with an 8 GeV incident proton beam and a carbon target with
a 6.75 GeV incident proton beam. Values are divided by
proton beam energy in GeV and histogram bin width.
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Figure 4: As in Fig. 3, but for negative pions.
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Figure 5: Positive pion spectra at two positions downstream
from the beam-target crossing point.

and negative particles will be different, and some application-
dependent opimal compromise parameters should be chosen.
Large numbers of pions are lost on the beam pipe, with a
greater fractional loss for higher energy pions (see Fig. 5,
and note that the pion loss far exceeds the muon gain in
Fig. 6). Thus a higher solenoid field downstream (giving a
smaller beam size) will lead to more particles transmitted
and ultimately captured (consistent with results in [5]), but
the capture systemwill need to be retuned for a higher energy
range to make optimal use of the increased field. Finally, we
have inconclusive evidence that a small amount of absorber
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Figure 6: Positive muon spectra at two positions downstream
from the beam-target crossing point.



at large radius may increase the number of particles in the
low energy portion of the spectrum, potentially leading to
improved performance.
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