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Abstract

In the Neutrino Factory and Muon Collider, muons are $w'= — proton
produced by firing high energy protons onto a target to pro: E T “+ ang K
r —e ande

duce pions. The pions decay to muons which are then ac
celerated. This method of pion production results in signif-
icant background from protons and electrons, which may
result in heat deposition on superconducting materials an
activation of the machine preventing manual handling. In
this paper we discuss the design of a secondary particl
handling system. The system comprises a solenoidal ch
cane that filters high momentum particles, followed by a | R
proton absorber that reduces the energy of all particles 0 % 100 150 20 S
resulting in the rejection of low energy protons that pass

through the solenoid chicane. We detail the design and OBigure 1: Total energy change of different particle species

timization of the system and its integration with the rest ofn the muon front end in the absence of a particle selection
the muon front end. system, including gains and losses due to RF.
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HIGH POWER MUON ACCELERATORS
and protons. Losses are 100 W/m throughout the length

In the proposed Neutrino Factory [1] facility, a multi- of the front end and peak at several kW/m at the start of
megawaitt proton beam is fired onto a target to produce ghe cooling channel. Such high losses would certainly pre-
ons. The pions are captured in a high field solenoid thgknt hands on maintenance throughout the entire cooling
tapers to a 1.5 T constant field solenoid. Pions and thQﬂhanneI, may cause radiation damage to equipment and
decay products, the muons, are allowed to drift longitudiguenching of superconducting magnets. Further contam-
nally in this constant field solenoid and subsequently a varination of critical components in the acceleration system is
able frequency RF system is used to bunch and then phag@|y such as septa and injection/extraction systems.
rotate the muons. Muons are then passed into an alteratyg components are foreseen for a particle selection
ing focusing ionization cooling system before acceleratioQheme: a chicane to remove high momentum particles
to high energy. The Muon Collider facility has a similargom the hbeam: and a Beryllium plug that reduces momen-

capture system, although the proposed ionization cooling of |l particles in the beam, resulting in the loss of low
system is considerably more extensive in order to reach th§smentum protons.

very low emittances required for a high luminosity collider.
In this paper, we examine the effect of undesirable
secondary particles exiting the target region and passing CHICANE DESIGN

through the subsequent muon capture systems. Hadroni . . .
gn the N P YSIe “The design of a chicane system for the muon front end is
pollutants in the beam tend to cause activation of acceler-

. . ot trivial. Other authors have considered combined func-
ator components, preventing hands-on maintenance of tFj

e . . . L
machine. This would lead to additional construction anﬁOn chicanes [2]. The beam emittance s such that it is

. o . ' lighly challenging to get good transmission over the de-
operation costs and is highly undesirable. Leptonic ponusired range of momenta using such a chicane. Both the

tants in the beam cause less activation of accelerator Oy tri : :
. . . utrino Factory and Muon Collider chicanes capture both
ponents but are still undesirable due to the increased hea

. ositive and negative muon species, and any chicane sys-
load that may be placed on superconducting components, . . . .
. L m must do the same. This may be possible with a multi-
The effect of these contaminants can be seen in Fig.

Losses are concentrated around the start of the ionizatibn le ’T‘agnet' but un_ld make any design more d|ff|cult_.
wing to these difficulties, a stellarator-type solenoidal

cooling channel where the magnetic lattice produces Iara% O is it ’ Solenoidal chi
transverse losses and the presence of Lithium Hydride nicane IS Toreseen as an afternative. solenoidal chicanes
|§duce a vertical dispersion in the beam, resulting in sym-

sorbers for ionization cooling takes energy from electron . . i .
9 %y metric transmission of both particle charges. Matching

* psnopok@iit.edu from the constant solenoid field of the front end to the bent
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Figure 2: Total beam power of protons passing through theigure 3: Number of good muons reaching the end of the
particle selection system, normalised to the case where panuon front end cooling channel for various chicane angles
ticle selection system is in place. and Be plug thicknesses. Note that for the O thickness, 0
angle case, two muon yields are listed; thé point is for
an idealized lattice simulation, while the’‘point and all

solenoid field is relatively easy. The main problem withother points are for a more realistic coil geometry.
this sort of lattice is that it is not possible to make an open
midplane solenoid. Either very high radius superconduct-
ing coils with significant shielding or normal conductingof the rf cavities. Atz = 29 m the beam and the reference
coils exposed to beam power in the hundred kW range aparticles pass through 10 cm Be absorbers, with the ref-
required. Clearly these components would become actiezence particle momenta reduced to 237 and 144 MeV/c,
and it is expected that they would be treated as part of thespectively. The drift to the buncher and rotator increase
remote handling facility in the target area. the distance between the particlgscr) and the RF fre-

The addition of a Beryllium proton absorber after thequencies in the buncher are set by requiring that distance is
chicane serves to lower the overall energy of particlesan thlO RF wavelengthsX.; = Ac7/10). The RF frequency
system. This has a more significant effect on the protorttecreases from-320 to~235 MHz over the buncher over
that pass the chicane, stopping almost all of them, whiklie 33 m length, adcr increases. Following the buncher
leaving most muons in the beam. In Fig. 2 and 3 the protdihie beam and reference particles pass through the rotator
beam power passing the proton absorber and good muwthere the RF wavelength difference is increased to 10.04,
yield for the entire front end system is shown for variousind the second reference particle accelerates while the firs
chicane and proton absorber parameters, as simulatedrémains nearly stationary, while RF frequencies decrease
G4Beamline [3]. Increasing thickness and increasing aifrom 232 for 202 MHz over the 42 m length. The beam is
gle reduce the good muon yield slightly, while producing dhen matched t6-230 MeV/c bunches at 201.25 MHz.
dramatic reduction in the proton beam power escaping the After rematching the drift section of the front end is in-
system. Based on these simulations a 12Mticane angle creased by-5 m. The net number of muons that propagate
(1.23 per coil) and 100 mm proton absorber thickness warough the system and arrive in the acceptance for acceler-
chosen. ated muons is reduced byl0%. The background of beam
propagating down the channel that is unmatched is reduced
by much larger factors. As shown in Fig. 4 the chicane

RF CAPTURE RE-OPTIMIZATION removes high energy muons, which would continue down

When the chicane and absorber are added to the frdf€ c00ling channel but not be properly phased for cooling.
end, the RF matching conditions for the buncher and phask€Y would arrive at the end as a pre-flash of unmatched
energy are shifted from the baseline conditions. In the chPéam that would not be phased for acceleration and cap-

cane, the time-energy relationship is changed, requiting ure.

increase in the drift byv1 m. The major change is imposed

by the absorber, where the energy distribution is shifted IRRADIATION IN THE CHICANE

to lower energies requiring a re-optimisation of the longi-

tudinal capture system, performed by tracking the energy The chicane as simulated in MARS [4] starts at the end

change in reference particles. of the target/capture region, 30 meters downstream from
Two reference particles are set at the production targehe target. Field maps for MARS simulations are gener-

The firstis at 270 MeV/c and the second at 185 MeV/c. Thated by G4beamline. Coils have inner radius of 43 cm,

time difference between these patrticles is tracked througtuter radius of 53 cm, length of 18 cm, with on-axis field of

the drift into the buncher and rotator to set the frequenciels5 T throughout the channel. Either copper or a standard
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Figure 5: Deposited power density, kW/m, drift channel
only, no subsequent cooling section, with and without chi-
cane.
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Figure 4: Phase—momenta distributions of simulated Table 1: Beam power fraction for protons and muons after

beam at the end of the cooling channel. Vertical scale 0 tbe chicane/absorber for various chicane cell angles. Beam

1000 MeV/c; horizontal is~ (—50 to 50 m); (top) without power before the chicane is used as a reference (100%).

chicane/absorber; (bottom) with chicane/absorber. Only the muons in the range of intergste [100,400]
MeV/c are taken into account. No momentum cut is im-
posed on protons.

MARS material SCON consisting of 90% superconductor Chicane cell  protons [%] ™ [%] - [%]
(60% Cu and 40% NbTi) and 10% Kaptafik H3oN,0s) _ angle [deg]  (nomom. cut) p(€ [100, 400] MeVic)

are used for simulations. The proton absorberisa 10 cm .75 33.3/9.4 112.9/96.7 113.8/95.6

Be disk of outer radius of 42.9 cm. 1.00 22.712.7 113.1/95.2 110.4/91.6

1.25 18.5/1.0 112.7/92.9 108.2/87.1

The case of a straight drift channel with no chicane and 1 59 15.1/0.3 104.6/84.3 103.5/80.9
no absorber is used as areference. In this case the peaktotal 1 75 12.7/0.2 06.9/74.1 96.7/72.9

deposited power density (DPD) in the coils is 0.148 mW/g
(a common 0.15 mW/g limit for superconducting coils is

not exceeded). In terms of peak linear power density for the

geometry described above that corresponds to 399 W/m for CONCLUSIONS

Cu coils, see Fig. 5, or 312 W/m for SCON coils. That is ] ] ]

significantly larger than the typical 1 W/m limit for hands- A Particle selection system has been designed for the
on operation; however, the average linear power density Neutrino Factory and Muon Collider that reject secondary

much less. 34.1 W/m for Cu coils and 26.6 W/m for SCoNParticle contaminants that would otherwise irradiategarg
coils. parts of any subsequent acceleration system. The parti-

cle selection system has been shown to reject up td’99.9

When a chicane and absorber is included the basic ra@f proton contaminants as well as creating a better condi-
ation limit of 0.15 mW/g is exceeded in coils #18 througHioned muon beam at the expense of a slight reduction in
#89; however, it could be reasonably reduced by providnuon yield.
ing extra shielding in coils #40 and up, so only coils #18—
39 need to be replaced by normal conducting ones. DPD REFERENCES
peaks at coil #26 at 15.8 mW/g with a significantly longe
right tail in the DPD distribution due to the contribution
from protons of lower energies. That translates into 42.6
kW/m for Cu caoils, see Fig. 5, or 33.3 kW/m for SCON
coils. Proton absorber DPD is 292 mW/g or 312 kW/m.
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