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1. Introduction

The purpose of the target system in a Neutrino Factory is to produce a nraximonber of
pions from an intense beam of protons. The pions are captured usirang $-20 T) solenoidal
magnetic field and travel into a channel where the decay muons are bljoobéed and accelerated
to the required energies before decaying to neutrinos in the storage ring.

Recent experimental work [1] has shown that solid tungsten can withtandtense 4 MW
beam power that will be required for a Neutrino Factory. It may also Bsipte to use a powdered
form of tungsten (with an effective density not more than 50%) as thettargterial. We use
the MARS Monte Carlo simulation package [2] to investigate what pion and migdaisycan be
achieved for a solid or powdered tungsten target and compare them wéth fitoon the mercury
jet scenario. We also provide estimates of pion re-absorption inside tlet.targ

2. Target geometry

The baseline Neutrino Factory target geometry is the Study-Il [3] desiga fnercury jet
system. The same geometry can be used for a powder&@% density) tungsten jet. However,
some changes are needed for a solid target system. One option is to egaakycylindrical
tungsten rods along the circumference of a spokeless wheel [1].hlevacdhis, a gap needs to be
introduced inside the solenoids (analogous to a Helmholtz coil) so that thé edmepass through
the target aperture. Figure 1 shows a schematic of thegeometry. The gap is just long enough
to ensure the solid target rod can pass through. Note that shielding wilgb@ed along the gap to
stop radiation reaching the superconducting coils. A first estimate of thielisigigequirement is
10 cm on either side of the gap, although this needs further study. Addiyictha average current
density inside the copper coils needs to be increased from 20 An®tudy-11) to 30 Amm 2 to
achieve a peak magnetic field of 20 T inside the target aperture.

3. Pion and muon yields

Here, we present the pion and muon yields from MARS [2] simulations ofabpéc 10 GeV
proton beam interacting with solid or powdered (50% density) tungstentsard@e number of
pions and muons produced at the target are corrected for the aczepitaough the whole muon
cooling channel. Figure 2a shows an example density-plot of the initial lafigél(p_) and
transversépr) momenta of pions at the end of the target rod inside the solenoid apertufiedm,

r < 7.5cm). Figure 2b shows the probability of pions (and muons) from the taegehing the
end of the muon cooling channel, which was obtained by passing the inputmturmeistribution
shown in Fig. 2a through an ICOOL [4] simulation of the Neutrino Factory mugmiing channel.

Figure 3 shows the charge-averaged accepted pion and muon yiela®fmer for solid cylin-
drical tungsten rods, with various lengths and radii, as a function of ro(Bgl) with respect to
thez axis. Also shown are the yields for the 50% density (powdered) jet, whiofodelled as a
simple cylinder (analogous to the solid material case), whose length rajgése effective length
of the proton beam intersecting the jet. The parabolic proton beam hasua fad.) and tilt
(Gheam €qual to that of the target rod for both target materials. The dotted mbaldne represents
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Figure 1: Left: Schematic geometr /s z) of the Helmholtz solid target arrangement. The colour sthe
is; target cylindrical rod (black), magnetic field linesdrarrows), copper coils (magenta), superconducting
magnets (yellow), tungsten-carbide shielding (brownniplug (purple). Right: Comparison of the
component of the magnetic field along the solenoiatis between the Helmholtz (solid line) and Study-
I1[3] (dotted red line) geometries.
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Figure 2: (a) Density-plot of the initial longitudinalg ) and transversepf) momenta of pions a= 0cm.
(b) Probability acceptance map of pions from the targetgttimough the Neutrino Factory cooling channel
as a function of the initial longitudinal and transverse neoia.

the accepted pion and muon yield for the mercury jet target scereigy= 67 mr, 64 = 100 mr,
N'beam= 0.15cm,ryg = 0.50cm). The yields for the solid tungsten target are comparable (lower)
than those for the mercury jet wheq < 0.75cm €04 > 0.75 cm). The overall optimal target tilt

is approximately 100 mr and the optimal length of the target 2 cm ¢ 2.6 interaction lengths).

It is interesting to note that, surprisingly, the yields for the 50% density (posd) tungsten tar-
get are comparable to those for the solid target. One possibility for this is thet, tbough a
smaller number of protons will interact with the target owing to its lower densigyethvill be less
re-absorption of pions inside the material. Secondly, a larger fractiomootpvill get focused
inside the solenoid aperture owing to a stronge2%) magnetic field at the end of the target rod
(z=0cm). Further work is ongoing to compare these results with Geant4 [5] simngdatio
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4. Pion re-absorption

The size and position of the target must be carefully chosen to ensusnthdequate number

of pions are produced from proton-nucleon interactions with a minimal nuofgions getting
re-absorbed inside the material. Table 1 shows a comparison of the feddties fios; Of the
charge-averaged pion yie¥dfor various solid target scenarios compared to the y¥glftom one
30cm-long rod G0 = 61): flost= (Yo—Y)/Yo. The first scenario uses three 30 cm-long target rods
separated by 10 cm along thexis, the second uses a horizontal solid target toroid with a radius
of curvature of 5m (effective length of 1 m aloagand tube radius,qq, While the third is similar

to the three rod case, but with all targets tilted at 100 mr with respect toakis (B;o4s= 63). The

10 GeV proton beam is tilted &,.am= 67 mr for all cases. One can see that there is significant
pion absorption for the first two cases; tilting the target rods dramaticallycescthis effect.

I'rod I'beam 3rodsfipst | toroid figst 3 rodsfiost
(01=0;=0) | (6.=0) | (fr=65=100mr)
0.5cm| 0.5cm 39% 23% 7%
lcm lcm 57% 47% 15%
lcm | 1.5cm 53% 53% 11%

Table 1: The fractional loss of charge-averaged pion yields foredéht solid target scenarios.

The amount of pion re-absorption for the mercury jet target has alsodstenated. Consider
the target aperture up to the location of the beryllium window-at2 m to be filled with mercury
vapour with an effective density given ipyapour= PHe x (0.1 bar/1atm) +wpnHg, Wherepye is the
density of the He gas andlis the ratio of the volume of the mercury jet to the total volume inside
the solenoid aperture (0.3%). In this worse case scenario, the relaot@nal loss of pions by
re-absorption in the vapour is 5%.

5. Conclusion

We have shown results from MARS simulations of the accepted pion and nields when a
10 GeV parabolic proton beam interacts with a solid or powdered (50%tgetumgsten target for
a Neutrino Factory. These yields are comparable to those for the merttayget. We have also
provided estimates of pion re-absorption for solid tungsten and mercugrgets.
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Figure 3: Charge-averaged acceptachnd u yield per 10 GeV proton (%) as a function of target rod tilt
(Bheam= 6Br0g) for the solid tungsten (Helmholtz geometry) and 50% dgrtsihgsten (Study-1l geometry)
targets. Each row corresponds to a specific beam and tadjas fepeam= r'vod), While each point corre-
sponds to a different target rod length: 15cm (open cird®m (lower red triangle), 25 cm (upper blue
triangle) and 30 cm (solid circle). The dotted horizontaklrepresents the yield for the Neutrino Factory
mercury jet targetheam= 67 mr, Byg = 100 mr,rpeam= 0.15 cm,ryg = 0.50 cm).



