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Abstract an approximate optimum is very like a root-finding itera-
éilon method over the space of possible functipn$esting

The neutrino factory requires a source of pions within . . S o .
yreg P ow it works in practice is the motivation for this paper.

momentum window determined by the ‘muon front end
accelerator structure downstream [1]. The technique of

finding which parts of a large target block are net absorbe _ , - 1‘;{%
or emitters of particles may be adapted with this momer§

tum window in mind. Therefore, analysis of a hadronicZ 350
production simulation run using MARS15 [2] can pro- & 300
vide a candidate target shape in a single pass. Howev
changing the shape of the material also affects the absor 2% 60
tion/emission balance, so this paper investigates iterati 299 50
schemes to find a self-consistent optimal, or near-optime
target geometry.
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The problem of finding the optimal shape for any particle o . . B 0
. . . . . 0 100 200 300 400 500 600 700 800 900 1000
target can be stated as seeking the density distribptin p, (Mevic)

that maximises the total yield of particles that are useful
for the application considered. Note firstly that the yiedd i Figure 1: Probability of a pion yielding a useful muon as a
actually a functional”[p] because it depends on the entirfunction of the initial(py,, pr), reproduced from [3].

density distribution and secondly that the space of possibl
shapes is too large to scan exhaustively. Itis possible; how

ever, to linearis@” and get the following approximation In the neutrino factory, the utility of particlet, 7~

produced by the target depends on their chances of decay-
Vil ~ @ qv ing to a muon that is transmitted by the subsequent muon

[o] =~ /y(x) ora accelerator. This study uses the results of [3], in which

) . i i . the probability of a pion producing a useful muon is deter-

wherey(x) is a volumetric yield in the regions filled with 1,ineq a5 a function of the pion's original longitudinal and

material (Tantalum in this study). Linearisiagis equiva-  yansverse momenta using particle tracking. This distribu
lent to sﬁatmg each region of space has the same pc,’temt'iﬂln of probabilities is shown in figure 1. Henceforth the
production of useful particles regardless of the configurgz m seful pions is used to mean yield of pions weighted

tion of material elsewh_ere,_ whl_ch is an |deal|sat|or_1. It beby these probabilities depending on their momentum.
comes most accurate in situations where showering parti-

cles are only travelling ‘outwards’ in a target with no inter
nal holes, so that local yield is not affected by back-seattgapje 1: parameters of the pion production simulation and
from mteractlons further oqt or IacI.< of material further in geometry iteration.

Modern particle—matter interaction codes have the abiF

ity to determine a form fog(x) that is consistent with the Parameter Value
particular shape simulated. A histogram can be constructed”roton energy 10GeV
of useful particles produced in each unit of volume minus Beam distribution Parallel, circular parabolic
the number of such particles absorbed. When this is inte-Beam radius 1 cmr(,ayx)
grated over the volume of the target, the result will be the Target material Tantalum
total yieldY'. Given an estimate af, the densityp(x) that Magnetic field 20T inz direction
maximises the linear approximation to the total yield is Geometry volume 1m10cm radius cylinder

o)) { pra where y(x) >0 Geometry resolution 2mm inandr

plyj(x) = ’

0 where y(x) <0 Code used MARS15.07 [2]

assuming the density can not be greater than that of the bulglardware 100 CPU cores on SCARF [4]

. .- . . . i 6 4
material. When repeated, this linearisation and seeking of”’rotons simulated  10° (10 per core)
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Figure 2: Net production balance of useful pions in the catgly solid block geometry.

SIMULATION SETUP

Simulations were run using the parameters in table
The 10 GeV proton energy and 20 T magnetic field com
from the findings of [1]. The problem is cylindrically sym-
metric, so the volume was binned(in, ) coordinates. For &%
geometries where some of these bins are to be filled wif _
Tantalum and some not, the extended geometry mode .
the MARS15 [2] code allowed a suitable volume of revoggzs;.
lution to be constructed from ‘cylinders’ (actually anruli O——
with an inner as well as an outer radius. The@ikeM. INp ~ ¥57

was produced automatically by a postprocessing progral
The histogram of useful pion balance (production minuk . o
absorption) was produced by customising the MARS us@&Sdsi:s:s
routineMFILL to accumulate the contributions of each piorggzseyens
track segment to an array: positively at the segment stg
and negatively at the segment end. Noise in the histogrd?
was found to be reduced if the contributions were bilinearlii&g%;&ﬁﬁ&_:
weighted int®2 x 2 adjacent cells of the array. o

RESULTS

The iteration started with a completely solid block oéﬁ.i
tantalum, whose useful pion balance (the functigs)) e
is plotted in figure 2. Yields are positive in the region of 10cm
the proton beam, negative outside where the pions are onl . .
absorbed by the tantalum and lacking in statistics at the fg gure 3: E_VOIUt_'On of tar_get_ geometriest, 2, 3, 4 (top
end where few particles penetrate. to bottom) in which material is only removed.

The first attempt at iteration was to repeatedly remove
areas of tantalum where the useful pion balance was neg-
ative. The resulting shapes are shown in figure 3, wherdhese expanded geometries are themselves sub-optimal but
geometryo is the solid block and. is the positive bal- €an then have the negative pion balance regions removed in
ance regions taken from figure 2. A piece of tantalum ife nextiteration, making geometries le that only con-
left over that resembles a tapered cylindrical target witfRin positive-yielding regions but are able to grow as well
Tlem] = {‘/min{l, 1.5 — 0.072[cm)} @and material obstruct- as shrink. Flgu_re 5 shows how this new iteration algorithm
ing the spiralling paths of useful pions is mostly removed/relates to the first.

This technique can only remove material but is it con- The new algorithm results in the geometries shown in
ceivable that a radical change in geometry such as that Hegure 6. A slightly longer target results, with the most in-
tween shapes and1 may also changg(x) so that it be- teresting new feature being that some of the surrounding
comes positive outside the material-filled region. To allownaterial has become denser just downstream of the target.
material to fill these new positive pion balance regions, th€his can only have happened because these regions create
method shown in figure 4 was used to‘expand’ geometriesew useful pions from high energy secondary particles that
such asl into adjacent bins, to make geometries like  would otherwise be lost activating the surrounding magnet.




Figure 4: Detail of how geometryx was produced by
expanding geometry, shown in black. Red bins are the
newly added material. '
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@ Figure 6: Evolution of target geometri¢s2e, 3e, 4e, S5e
(top to bottom), where the target is ‘expanded’ before each
Figure 5: Relation of iteration geometries to the originamaterial removal step.

block. Downward steps remove regions that are net ah-
sorbers of pions; rightward steps expand the geometry.

PR WA ot e T BT A2

e R S L s o

BN S T S S e R S

0.01

0.009

0.008

n.GeV

Flexible though the second algorithm is, it did not perg 0.007
form as well as the original removal-only algorithm, as cals 0.006
be seen from the yields in figure 7. This could be because 2 0005 B+
is too aggressive in adding new material so that the equilil§ 0.004 mr-
rium shape is too large: a single filled bin can produce fivgL 0.003
bins of material in the next iteration, which are difficult to'g o0,
completely remove in an marginal area with poor statistic”

0.001

0,
01 2 3 4 0 1Ix2x3x4x 0 1 2e 3e 4e5e rod

CONCLUSION & FUTURE WORK

This paper has presented a method of target design Ii:r|1gure 7: Useful pion yields from geometries under itera-

which the target shape is dictated by (simulated) physiégm' Rod'is a 20«1 cm radius cylinder for comparison.

processes rather than other assumptions. This was applied
to the solid neutrino factory target problem and the geome- REFERENCES
try 4 produced a total useful pion yield A®8.6% higher
than a 2&1cm cylindrical target. An alternate method
produced the geometriye with a 3.14-0.6% higher yield
than the cylinder.

The effects of changing the incoming proton beam en-
ergy or radius were not considered in this paper, althoug
this could be done in future if the relevant engineerin$
constraints are taken into account. The second iteratid
method could be improved to not over-produce material in
statistics-limited areas.
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