TD-09-017

ﬁ Fermi National Accelerator Laboratory

Studies of the Alignment Tolerances of the
Transport Solenoid of the Mu2e Experiment

Mauricio Lopes

07/06/2009



07/06/2009
TD-09-017

1 Introduction

This technical note summarizes the simulation tesof the alignment tolerances for the
transport solenoid (TS) of the Mu2e experiment ThHe TS is composed of 62 “rings” aligned in
a s-like shape as show in Figure 1. The simulatcamsist of introducing random errors in each
of the 62 rings by displacing transversally or tioig in yaw and pitch. The methodology of this

PS

_

study is briefly discussed.
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Figure 1 - Transport solenoid for Mu2e experiment
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2 Study methodology

The core of the studies consisted in tracking gagithrough the Mu2e magnet system
using G4Beamline (G4B) code. The simulations of G#Bcks 16 muons of which
approximately 3000 of them are collected by th@itog target at the detector solenoid (DS). In
order to speed up the process of trackinypkdticles, G4B stores the magnetic fields of thiesc
in magnetic field map files. Those field maps apasated in 4 sections: Production Solenoid
(PS), TS-upstream, TS-downstream and DS.

General Atomic has produced a 3D model (for Opera-3D) of the Mui2gnet system.
The model includes all the 62 coils of TS and P& @8 coils with their surrounding iron. This
model could be easily modified in order to genethteequivalent field maps of the TS up and
down streams only.

Therefore, to study the alignment tolerance of T8ecoils, one can generate a TS field
map with the coils slightly moved from their nomiigepsitions. This procedure is repeated 25
times (each time with a different coil perturba)iom order to have some statistics in a
reasonable time (it took approximately 33 hoursarhputation time). Figure 2 shows the basic
flowchart of the analysis.

The coils could be misaligned in two different wagsach one of the 62 coils is
individually perturbed or coils within the same gporeceive the same perturbation. The groups
correspond to the ones seen in Figure 1. Bothrasepted in perturbed field maps.
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Figure 2 — Basic flowchart for the simulations

Each result from from G4B is then analized by dalitng the average of the total momentum
(Ptot) the momentum spreadiRtot) the average time)(and time dispersiornZf) and the total
number of particles in the stopping targd).(The results are then summarized calculating the
mean and standard deviation over the 25 simulatmmsach one of these variables.
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3 Simulations results

3.1 Random distributions

The simulations were divided in two groups: tramsgemovement (displacement) and rotation
(pitch and yaw) of the coils. The results are sumwed in Table 1. Figures 3-5 show the
behavior of these variables as function of theysbétion amplitude.

Table 1 - Summary of the results of the alignmentdierances
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As can be seen, thetot tends to increase with the perturbation amplitatteough this
increment is very small. The momentum spread témdie invariant. Higher momentum means
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faster particles which corroborates the resultiming seen in Figure 4a. The time dispersion,

however, does not follow the momentum spread iavae exactly. It can be seen that the errors
associated with displacements could slightly inseethe time dispersion (Figure 4b). In the other
hand,N is sensitive to the errors associated with thatia of the coils (pitch and yaw)
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Figure 3 - Total momentum (a) and momentum spreadh)) as function of the perturbation amplitude
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Figure 5 - Total number of particles in the stoppimg target as function of the perturbation amplitude

Table 2 shows the percentage of increment or desmreior each one of the considered

variables with respect to the results of the T3sdaitheir nominal positions.

Table 2 — Percentage increment/decrement for eacime of the considered variables

Increment / Decrement (%)

D'Sp:fncz;“e"‘ Ptot (%) |APtot (%)| t (W) AP | N

1 0 08 i 07 29

5 1.4 1.2 1.2 14 22

[ 21 3 T8 39 28
Rotation

tnrad) | POLE) (AP 10 At | N

1 05 06 06 01 27

5 20 03 25 08 B.1

10 40 04 54 01 18.1

Another approach for this analysis is to compare shape of thd’tot andt for each
perturbation with the coils in their nominal positi In Figures 6-9 the blue histogram represents
the nominal distribution and the red data, the espondent bin mean and standard deviation
over the 25 simulations.
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Figure 6 — Total momentum distribution for displacements of (a) 1 (b) 5 (c) 10 mm.
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Systematic and Random errors in TS coils: 1 mrad
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Figure 7 — Total momentum distribution for rotations of (a) 1 (b) 5 (c) 10 mrad.
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Systematic and Random errors in TS coils: 1 mm
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Figure 8 — Timing distribution for displacements of(a) 1 (b) 5 (c) 10 mm.
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Systematic and Random errors in TS coils: 1 mrad
1200 F T T T T T T T =

1000

800

400

200

= = x )
0 200 400 600 800 1000 1200 1400 1600 1800 2000
t (ns)

(@)

Systematic and Random errors in TS coils: 5 mrad
1200 T T T T T T T

" i
A N
0 200 400 600 800 1000 1200 1400 1600 1800 2000
t (ns) (b)
Systematic and Random errors in TS coils: 10 mrad
1200 T T T T T T T

1000 B

800 B

# 600 i

400

200

0 200 400 600 800 1000 1200 1400 1600 1800 2000
t (ns)

()
Figure 9 — Timing distribution for rotations of (a) 1 (b) 5 (c) 10 mrad.
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3.2 Systematic rotation errors in the straight sections

In the last section, it was investigated the effexdftrandom errors in the coils. This section
is devoted to the analysis of systematic errorghenstraight sections. The straight section is
refereed according to the number in Figure 1. Rat tanner, only rotations (yaw and pitch)
were considered and the rotation angle appliedsamrad. The results of these simulations are
summarized in the Figure 1. As can be seen, theactnpf these changes is small and
inconclusive when considered only the variableslistli in the previous sections. One may
notice, however, a more expressive change (aroQf@ i the transversal position of the beam
at the stopping target (2.3 and 1.3 mm respectivetyand y).

Therefore, this effect must be taken into acconrihe tolerance for the TS coils, given that
the stopping target is small (few millimeters iamieter [1]).

Table 3 - Summary of the results of the alignmentalerances
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3.3 Effect of the gradient in the TS

In an unrelated topic, it was studied (using thmesanethodology) the effect of the gradient

in the TS. According to the MECO report [2], the M& a gradient to avoid particle trapping as

shown in Figure 10.

The studied consisted in eliminate the gradienh@transport solenoid making the field flat
at 2.5 T(as in the beginning of the TS) and 2.1a3 i( the ending of the TS). The results are

summarized in Table 4.
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Figure 10 — Field gradient for TS.
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Table 4 — Gradient vs. no-gradient in the TS.
Gradient Mo Gradient |No Gradient

25T 21T
Ptot (MeVig)| 37.9 41.0 36.4
APtot (MeV) | 14.1 15.9 13.4
t (ns) 306.1 2912 318.1
At (ns) 190.5 192 6 2018
N 5272 4247 7590

As can be seen, at 2.5 T you could have and inareafeabout 30% in the total number of
particles. This is due to the fact the in higheldithe particles trajectories are more tide up and
therefore, more particles go through the collimatdihe same inverse reason for the TS being
operated at 2.1 T has about 12% fewer particldected. The total momentum is increased in
8% at 2.5 T and decreases 4% at 2.1 T.

However in the simulations presented here, it wag oonsidered muons. The settings in
the G4B tracking simulations get rid of other paes. This should be modified in the future to
include all the particles for a better understagdihthe effect of the gradient in TS.

4 Conclusions

This work studied the TS coils misalignments arairtiffects on the main variables (total
momentum, momentum spread, time and time dispersad total number of particles at
stopping target).

The studied was based on small modifications il eadl of the TS. These modifications
were repeated 25 times randomly. This number oftrépn gives a reasonable statics within a
reasonable computation time.

The results showed the dependence of each vanebilethe type and amplitude of the
perturbation.

For typical the typical values of alignment thah de reached in the production of this coils
(few mm and few mrad) the impact in the performanteéhe experiment (according to the
variables studied here) is minimum.

The effect of gradient in TS showed some expressselts, but needs further investigation
to include other particles not included in the demions here.
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