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Abstract

The COMET experiment will search for very rare muon

processes that will give us an insight into particle physics

beyond the Standard Model. COMET requires an intense

beam of muons with a momentum less than 70 MeV/c. This

is achieved using an 8 GeV proton beam; a heavy metal tar-

get to primarily produce pions; a solenoid capture system;

and a curved solenoid to perform charge and momentum

selection.

Understanding the pion production yield and transport

properties of the beam line is an important part of the ex-

periment. The beam line is a continuous solenoid channel,

so it is only possible to place a beam diagnostic device at

the end of the beam line. Building COMET in two phases

provides the opportunity to investigate the pion production

yield and to measure the transport properties of the beam

line in Phase-I. This paper will demonstrate how this will

be done using the experimental set up for COMET Phase-I.

INTRODUCTION

The COherent Muon to Electron Transition (COMET)

experiment aims to measure the conversion of muons to

electrons, in the presence of a nucleus, with an unprece-

dented sensitivity of < 10
−16. The details of the COMET

Phase-I beam line can be found in [1] and Fig. 1 shows

a schematic of the beam line. COMET Phase-I will pro-

vide an invaluable opportunity to make measurements to

characterise the beam line, since this cannot be done af-

ter the full COMET beam line has been constructed. The

Figure 1: Schematic layout of COMET Phase-I.

COMET beam line is a large aperture, continuous solenoid

channel, and accurate simulation of transport properties is

dependent on knowing the field precisely. It will be diffi-

cult to measure this as the solenoids will be closely coupled

and there will be no option for placing complex beam di-

agnostic equipment between cryostats. In addition to this,

the beam will occupy the whole aperture and will consist

of multiple species. This means it will be very difficult

to measure the transport properties along the length of the

beam line after it has been installed.

In order to get an understanding of the performance of

the beam line, it will be possible to vary certain parame-

ters of the magnets, such as magnetic field strength, and to

the measure a corresponding effect at the end of the trans-

port channel. By making several measurements with dif-

ferent types of changes it may be possible to characterise

the performance of the beam line in order to understand the

background processes that can create electrons that could

be mistaken to have come from muon to electron conver-

sion.

In addition to this, there is some uncertainty as to the

precise composition of the beam due to different models

giving different predictions for the production of hadrons

in this momentum range. It will therefore be important to

be able to measure the production rates and spectra in order

to understand potential sources of background particles.

HADRON PRODUCTION SIMULATION

MARS [2] is currently used to produce the initial

beam which is then tracked through the beam line us-

ing Geant4 [3]. There are however significant discrep-

ancies between models that simulate the production of

hadrons from an 8 GeV proton beam colliding with a high-

Z metal target. Figure 2 shows the momentum distribution

of muons and pions produced using MARS and different

models in Geant4. The muon and pion momentum distri-

butions produced by FLUKA [4] are shown in Fig. 3.

It would be good to measure the precise particle flux

produced by the proton beam collisions but this would re-

quire a very sophisticated detector system. By changing

the transport properties of the beam line it may be possible

to infer the species content of the beam using a relatively

simple detector.

FIELD VARIATIONS

One simple way to vary the transport characteristics of

the beam line is to vary the magnetic field. Two op-

tions were considered in these simulations: changing the

solenoid field of the capture solenoid surrounding the pion

production target; and changing the dipole field of the

muon torus.

Figure 4 shows the effect of changing the capture

solenoid field on the momentum distribution of negatively

charged pions and muons and Fig. 5 shows the effect

on the number of high-momentum negatively and posi-

tively charged particles at the entrance of the muon torus.
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Figure 2: Momentum distribution of muons (top) and pions

(bottom) at the entrance of the muon torus produced by

different MARS and Geant4 models. The vertical scale is

normalised to the number of primary protons used in the

simulation.

High-momentum is defined as: pions with a momentum

greater than 80 MeV/c; muons with a momentum greater

than 75 MeV/c; and electrons/positrons with a momentum

greater than 100 MeV/c. Figure 6 shows the ratio of pi-

ons to muons for high- and low-momentum particles. By

changing the dipole field the high-momentum pion to muon

ratio after the muon torus can be affected. Thus by making

momentum measurements it is possible to understand the

high-momentum pion content of the beam.

ABSORBER

The particle composition of the beam can also be

changed by placing an absorber material in the beam line

as particles with the same momentum but different masses

will interact differently with the absorber. Simulations

were performed using a simple absorber that filled the

whole aperture but was thin in the direction of the beam.

The location of the absorber is shown in Fig. 1. Changing

the absorber thickness and material was then investigated.

Figure 7 shows the momentum distribution for muons af-

ter the absorber for different tungsten absorber thicknesses

and Fig. 8 shows the percentage of pions, muons and elec-

trons absorbed by the absorber (this also includes the pro-

duction of secondary electrons). This was repeated with an

aluminium absorber, see Figs. 9 and 10.

Figure 3: Momentum distribution of muons (top) and pions

(bottom) at the entrance of the muon torus produced by

the FLUKA default (fluka nd) and precision (fluka prec)

models. The vertical scale is normalised to the number of

primary protons used in the simulation.

Figure 4: Effect of scaling the capture solenoid field on

the momentum distribution of negatively charged pions and

muons at the entrance of the muon torus.

CONCLUSIONS

By changing the beam line, as described in the previous

sections, it is possible to alter the momentum distribution

and species composition of the beam. Thus, making mo-

mentum measurements with a simple detector will provide

a better understanding of the background process that could

fake the muon to electron conversion signal.
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Figure 5: Effect of scaling the capture solenoid field on the

number of negatively charged (top) and positively charged

(bottom) particles at the entrance of the muon torus.

Figure 6: The negatively charged pion to muon ratio for

high-momentum and low-momentum particles after the

muon torus for different dipole fields.
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Figure 7: Momentum of muons after the tungsten absorber

for different thicknesses.

Figure 8: Percentage of pions, muons and electrons

stopped by the tungsten absorber for different thicknesses.

Figure 9: Momentum of muons after the aluminium ab-

sorber for different thicknesses.

Figure 10: Percentage of pions, muons and electrons

stopped by the aluminium absorber for different thick-

nesses.
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