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Abstract

The design of the target station for a 4-MW Muon Col-
lider or a Neutrino Factory is evolving to include more
space for services to the magnets and internal tungsten
shielding, as well as consideration of removing the 5-T re-
sistive copper coils, thereby reducing the peak �eld from 20
to 15 T. Simulations with MARS15 have been performed to
verify that these revisions preserve suf�cient shielding that
the peak power deposition everywhere in the superconduct-
ing magnets will be less than 0.1 mW/g, permitting at least
a 10-year operational lifetime against radiation damage to
the organic insulators.

INTRODUCTION

The 4-MW target station for a Muon Collider or a Neu-
trino Factory [1] requires an array of cryogenically cooled
superconducting (SC) coils and water cooled resistive (RS)
coils to produce a magnetic �eld of ∼ 20 T around the
free-mercury jet target, of which about 5 T is generated by
the resistive coils. The �eld will gradually decrease over
15 m downstream from the target to 1.5 T in the pion-decay
channel. Subsequently the muons, produced by the pion
decay, will be cooled by ionization, accelerated and stored
in a ring either for μ+μ− collisions or for intense neutrino
beams via muon decay.

Most of the 4-MW power of the proton beam will end up
in the target station, although some 800 kW escapes in vari-
ous directions. While the resistive copper magnet is largely
immune to effects of radiation and energy deposition, if in-
sulated with MgO or spinel, superconducting magnets will
fail (due to radiation damage to organic insulation) if the
radiation dose exceeds about 10 MGy. This translates to a
limit of about 0.1 mW/g of energy deposition over an op-
erational life of 10 years of 107 s each [2]. Internal shields
consisting of He-gas-cooled tungsten beads will protect the
SC coils from radiation damage. However, shielding in a
4-MW beam requires the outer radius of the shield/inner
radius of the SC coils near the target to be ≈ 120 cm [3].
Here, we report progress in optimizing and re�ning the ge-
ometry of the shielding inside the SC coils.
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THE IDS120j CONFIGURATION

This paper reports results for the so-called IDS120j
target-station geometry (Fig. 1, left), which has 12 cable-
in-conduit SC coils (Nb3Sn insert, NbTi outset) and 5 cop-
per, hollow-conductor resistive magnets. Under present
consideration is the elimination of the resistive coils, re-
ducing the central �eld to 15 T, to simplify the mechanics
of the inner target module that contains the mercury target
and mercury-pool beam dump [4] (Fig. 1, right). There are
four cryostats with 3 SC coils in each. The inner radii of
the coils in the cryostats are 120/90/70/50 cm. There are
gaps of 137/96/71 cm between the last coil of an upstream
cryostat and the �rst coil in the following cryostat to ac-
commodate the cooling components of the two cryostats
and of their internal shielding. To maintain smooth varia-
tion of the on-axis magnetic �eld, the SC coils that �ank
each gap are of large radial depth [5].

-200

-100

0

100

200

cm

0 800 1.60e+03
cm

Aspect Ratio: Y:Z = 1:5.45454

Z

Y

-200

-100

0

100

200

cm

0 800 1.60e+03
cm

Aspect Ratio: Y:Z = 1:6.0

Z

Y

Figure 1: y-z (vertical plane) cross sections for the IDS120j
geometry with (left) and without (right) resistive coils (RS).
The beam (and mercury target) are tilted vertically with re-
spect to the magnetic axis so the spent beam and jet can be
absorbed in a pool of mercury.

The internal tungsten-bead (W) shielding is contained
within stainless-steel vessels whose walls must support the
≈ 200 ton weight while limiting stresses and consequent
deformations to acceptable values [5].

The vessel that contains the mercury jet target and col-
lection pool was modeled as a cylindrical stainless-steel
shell with ≈ 50-cm outer radius. The pool extends to
≈ 3.8 m downstream of the target, roughly to the end of
the �rst cryostat. The inner mercury containment vessel
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has a ≈ 5-mm-thick Be beam window on its downstream
face. The inner wall of the outer shielding vessel serves
as the secondary mercury containment vessel, which ves-
sel also has a Be beam window on its downstream face.
Rapidly �owing He gas cools the inner containment ves-
sel and the downstream Be windows. In the variant with-
out resistive coils, the volume previously occupied by these
coils is �lled with tungsten-bead shielding, and shielding is
added above the mercury pool (Fig. 1, right).

Final details in the design of the inner target module that
will include Hg jet nozzle, Be window, shielding, Hg pool
and its draining system are yet to be determined. See [4]
for the present vision of this complex subsystem.

POWER DEPOSITION STUDIES

The latest version of the MARS code (MARS1510) [6],
utilizing MCNP cross-section libraries [7] for proper treat-
ment of low-energy neutrons (less than ≈ 5 MeV), was
used for simulations of energy deposition (DP) in the tar-
get station. The simulations reported here are for an 8-GeV
proton beam, which maximizes the yield of low-energy
secondary pions from a mercury target [8]. The beam pro-
tons have a transverse Gaussian pro�le with σx = σy =
0.12 cm, and interact with a 20-m/s, 0.4-cm-radius Hg jet,
whose velocity permits the ≈ 30-cm-long interaction re-
gion of the target to be replaced every pulse at 50-Hz op-
eration. The proton beam and Hg-jet parameters (beam an-
gle, beam/jet crossing angle, Hg-jet radius) have been op-
timized for maximum pion yield [8].
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Figure 2: y-z projection of azimuthally averaged
deposited-power (DP) for the IDS120j con�guration with
(left) and without (right) resistive coils (RS). The power de-
position in the SC coils is everywhere less than 0.1 mW/g.

The DP distribution for the two cases, with 20-cm axial
gaps between shield modules, and for the lowest-grade of
W beads (15.8 g/cm3), appears in Fig. 2, while details for
the DP distribution in the station are given in Table 1. The
total DP in the SC coils without resistive coils will be less
than 1 kW. In both cases the DP in the �rst SC coil, the
largest in the con�guration, will be roughly equal to the
power deposited in the other 11 SC coils.

About 2.2 MW of power will be deposited in shielding
material and surrounding vessels (which include the beam

Table 1: Deposited power (DP) in kW in the supercon-
ducting coils (SC), shielding (SH), resistive magnets (RS),
beam pipe (BP), shielding vessels (SHVS), Hg target, Hg
pool, Hg pool vessel, and the Be window.

COMPONENT RS NO RS

SC 1.3 0.79
SH 1443 1519
RS 311 —-
BP 414 724
SHVS 281 19.25
Hg TARG. 400 396
Hg POOL 436 444
POOL VES. 15.4 6.45
Be WIND. 5.95 7.57

TOTAL 3307 3119

pipe). Removing the heat load from these materials will be
a challenging task.

The target and mercury collection pool each will re-
ceive about 400 kW, which must be dissipated in a heat
exchanger in the mercury �ow loop. The downstream Be
window will receive about 6-7 kW.

Some 450 kW (mostly energetic scattered protons) will
continue into the downstream π/μ beam-transport system,
where a chicane and beam absorber will remove most of
this power [9]. About 200 kW (mostly low-energy neu-
trons) will escape radially from the SC coils, and another
200 kW (mostly soft protons) will escape upstream.

AZIMUTHAL DISTRIBUTIONS

In Fig. 2 and Table 1 the power deposition was az-
imuthally averaged. However, the geometry of the mercury
collection pool introduces a signi�cant azimuthal asymme-
try in the power deposition in the vicinity of SC 4. There-
fore a study of the azimuthal dependence of the power de-
position in this coil was performed to verify that there are
no regions in this coil with DP greater than 0.1 mW/g.
These studies included simulation of two different densi-
ties of the W beads, and for various axial gap size between
shielding modules. Some analysis was also performed for
coils SC 3 and 7.

The azimuthal segmentation of SC 4, located just down-
stream of the �rst axial gap in the W shielding, is shown in
Fig. 3. The bin sizes in r, z and φ were 14.4 cm, 21.3 cm
and 30◦, respectively; the coil was segmented into 48 vol-
umes. Angle φ = 0 is to the right of Fig. 3(right), such that
the region 0 < φ < 180◦ corresponds to the region above
the mercury pool, where there is less shielding material.

Fig. 4 presents the simulated azimuthal DP distribution
at four radii in SC 4, with and without the resistive magnet.
This plot shows that the peak power densities would be in
the upper half of the coil, towards the negative-x direction
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Figure 3: y-z (left) and y-x (right) cross sections of the
target station, showing details of the segmentation of SC 4.

for the case with resistive coils. These peak values, close to
0.1 mW/g, could be mitigated by including W-bead shield-
ing above the mercury pool, as considered in [4].
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Figure 4: Azimuthal deposited-power distributions for four
radii in coil SC 4 with and without resistive magnets.

In the con�guration where the resistive magnets are re-
placed by W-bead shielding, the peak deposited power in
SC 4 would be relatively modest everywhere.

Figure 5 presents a comparison of the peak power den-
sities (DP) in coil SC 4, and the total DP in all SC coils as
a function of the axial gap size between shielding modules,
for the two W-bead densities. The top plot shows that for
W beads of density 15.8 g/cm3 the power-density limit of
0.1 mW/g will be satis�ed for axial gaps less than 20 cm.
With 20-cm axial gaps and low-density W beads, the total
deposited power in all 12 SC coils would be slightly over
1 kW, as shown in Fig. 5(bottom).

CONCLUSIONS

The design of the IDS120 baseline con�guration for
the MC/NF target station has been re�ned over the past
6 months with more realistic spacing of magnet coils to
make room for services to them, and to the internal shield-
ing. The shielding material has been changed to He-
gas-cooled tungsten beads (from lower-density tungsten-
carbide beads). Azimuthal analysis of power deposited in
the superconduction coils veri�es that this is everywhere
below the limit [2] of 0.1 mW/g. A simpler design of the
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Figure 5: Peak deposited power density in coil SC 4 (top),
and total deposited power in SC 4 and in all SC coils (bot-
tom), vs. axial gap in the shielding. Both plots show results
for W densities of 15.8 and 18.2 g/cm3.

mercury containment vessel has been considered, and al-
though it implies less than maximal internal shielding, the
power deposited in the superconducting coils would still
be acceptable. Replacement of the 5-T resistive coils by
W-beads improves the shielding as expected.

With a basic concept for the shielding now validated, fu-
ture studies will emphasize the engineering challenges of
realizing the con�guration of the 4-MW target station.
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