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Introduction

Introduction
Objectives

© Develop an automated validation tool for the simulation of
MSC of u resulting from Z — putu™ using a simplified
representation of the former L3 detector at LEP, CERN.

@ Enable comparisons between different MSC models and
Geant4 releases in order to uncover possible differences.

© Compare the latest MSC models with results published by
P. Arce et al. in

Multiple Scattering in GEANT4. A Comparison with Moliére
Theory and L3 Detector Data. (October 2000)
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Introduction

Introduction
Paper by P. Arce et al.

Deviation of 45 GeV muons in L3

70
® 3 doto 94+95: 6.078+0.028 mm Goal

L, | et 6-235:£0.046:£0.252 mm Study the p endpoint displacement
—GEANT3.15: 6.871+0.011£0.179 mm . . . .
from a straight-line trajectory in the
r-plane of L3 caused by MSC.

Main results: distribution widths

@ Geant4.0.1:
6.233£0.0464¢5:. £0.2525, mm

@ [3 data:
6.078 £ 0.02845t. mm

20 30
End point deviation (mm)

P. Arce et al., MSC in GEANT4
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Simulation Setup

Simulation Setup

Overview

@ Geant4.9.6 beta
@ Simplified geometry to represent only a part of the L3 detector.

@ Particle gun emitting p with an angular distribution in 6
(angle between initial p direction and beamline)

“Gesr o< (14 cos?0)

@ Angular distribution in ¢ is neglected due to simplified geometry.

@ If not stated otherwise, the initial ;x momentum distribution is

neglected, i.e. P, = ";Z ~ 45.6 GeV fix.

@ MSC models in use are WentzelVI, Urban90, Urban93 and Urban95.

This setup does not aim to exactly reproduce the L3 result! The idea is
to get as close to it as possible by simple means.
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Simulation Setup

Detector Geometry

Scoring Plane
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Scoring Plane Position

Scoring Plane Position

Problem

@ Inconsistency between paper by P. Arce et al. and geometry
descriptions of L3 concerning the scoring plane position:

o P. Arce et al.: 'From its creation at the L3 interaction vertex
until they hit the first muon chamber, these muons travel 213 cm.’

e L3 descriptions: The first muon chamber is located at a distance
of 253 cm from the p creation vertex.

@ Scoring plane position is an extremely sensitive parameter!

= Is scoring done at 213 cm or at 253 cm
from the p production vertex?
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Scoring Plane Position

Scoring Plane Position

Additional information provided by Arce et al.

'MSC in GEANT4' (CMS Note 2000/016, January 2000)

© Magpnetic field influence
0.5 T uniform magnetic field along the Z-axis causes a shift of the
muons of around 12.5mm in the re-plane at the scoring plane.
o Mainly depends on scoring plane position (and P, distribution).
e Minor dependence on geometry and MSC model.

= Robust test

@ 3D radius
Histogram given in the CMS note illustrates the distance travelled
by the muons from their creation vertex to the scoring plane.
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Scoring Plane Position

Scoring Plane Position

Simulation Setup for Scoring Plane Position Analysis

@ Simulation setup is based on a description given by Arce et
al. in 'MSC in GEANT4’ (CMS note 2000/016, January 2000)
e 0.5T homogeneous magnetic field along the Z-axis.
e Same cuts are applied, 0 € [40°,80°].
e 50'000 y with P,, uniformly in [40,45.625] GeV combined with
10000 p with P, = 45.625 GeV.

@ But:
o No reweighting of P, and 3D radius distributions.
e No ¢ distribution.
e No switching off of deviations from matter interactions.
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Scoring Plane Position

Scoring Plane Position
1. Influence of a Magnetic Field

MSC displacement of pin the r¢ plane
Geant4.9.6beta, Influence of 0.5T B-field, Gauss fits
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Shifts for scoring at 213 cm

@ WVI: 9.34 4 0.04 mm
@ U90: 9.31 +0.04 mm

Shifts for scoring at 253 cm

@ WVI: 12.96 + 0.04 mm
@ U90: 12.94 + 0.04 mm

A shift of 12.5 mm is observed
when the scoring plane is
positioned at 249 cm.
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Scoring Plane Position

Scoring Plane Position
2. 3D Radius of the Inner Muon Chamber Point
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Scoring Plane Position

Scoring Plane Position

Conclusion

© Results are much closer to 12.5 mm when the scoring plane is
at 253 cm rather than 213 cm.

@ Radius of the inner muon chamber point strongly indicates a
scoring plane position of 253 cm.

= Scoring plane is assumed to be located at
253 cm from the p production vertex.
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Results
Total Energy Loss

Total Energy Loss of pu
geant4-09-06-beta, All MSC models, ARealisticRun, Landau fits

an energy loss

g 0.1 H— Wentzelvi
K T e
. H— s ‘ @ P. Arce et al. mention a
I \ mean energy loss of about
* o0 : 2.5GeV.

L I \ @ The present simulation

yields a value of about
2.6 GeV for all the MSC

} NM - models.

7 8
energy loss [GeV]
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Results
Comparison of WentzelVIl and Urban MSC Models

Endpoint Displacement of " in the r¢ Plane
(geantd-09-06-beta, All MSC models, ARealisticRun, Gaussian fits

i\ ® WVI: 6.27 £ 0.05mm
emh \ 1‘  U90: 8.43 £ 0.09mm

B @ U93: 7.33 +0.07 mm

B ! @ U95: 6.88 + 0.07 mm

: N @ L3 data: 6.08 - 0.03 mm

displacement [mm]
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Results

Stepwise Comparison of MSC Models

Definitions

° R’pre and ﬁpost are the pre- and
post step points respectively.

@ The plane E is defined by the
momentum vectors Pore and Ppost.

@ v is the spatial scattering angle.

o A denotes the displacement
vector
° AJ_ normal component
° 5” parallel component
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Results

Stepwise Comparison of MSC Models

Scattering Angle |

# counts (normalized)

Scattering Angley_ - stepwise
geant4-09-06-beta, All MSC models, AStepwiseComp
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Stepwise Comparison of MSC Models

Scattering Angle |1

Results

Scattering Angle y

- stepwise - Zoomed View 1
geant4-09-06-beta, All MSC models, AStepwiseComp

# counts (normalized)

— WentzelVI
—— Urban90
— Urban93
— Urban95
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Stepwise Comparison of MSC Models

Scattering Angle IlI

# counts (normalized)

Scattering Angley

geant4-09-06-beta, All MSC models, AStepwiseComp

Results

- stepwise - Zoomed View 2

— WentzelVI
—— Urban90
— Urban93
—— Urban9s
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Stepwise Comparison of MSC Models

Displacement Vector |

# counts (normalized)

Results

Displacement Vector Parallel Component A, - stepwise

geant4-09-06-beta, All MSC models, AStepwiseComp
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displacement [um]
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Results

Stepwise Comparison of MSC Models

Displacement Vector I

Displacement Vector Normal Component Aystepwise
geant4-09-06-beta, All MSC models, AStepwiseComp
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Results

Stepwise Comparison of MSC Models

Displacement Vector Il

Magnitude of Displacement Vector Ag,, - stepwise - Zoomed View
geant4-09-06-beta, All MSC models, AStepwiseComp
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Conclusions

Conclusions

The present analysis shows that

@ the WentzelVI model lies closer to the L3 data than the Urban
models. This is due to the differences in the simulation of the tail.

@ Urban95 is much more similar to WentzelVI than the former
Urban models 90 and 93.

@ Further analysis shows that differences between the MSC models are

visible on a stepwise scale both for the scattering angle and
especially for the normal component of the displacement vector.

@ With the present simulation setup all the above-mentioned MSC models
seem to overestimate the endpoint displacement.

@ It is expected that when including a distribution in ¢ and P, (i.e. lower
momenta), the widths would become even larger (see backup slides)
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Conclusions

Influence of an Angular Distribution in ¢

Simulation Setup

Geant4.9.6 beta
More advanced geometry to enable ¢ angular distribution.

Particle gun emitting p with an angular distribution in
(angle between initial p direction and beamline)

7‘15(;;5;) o (14 cos?6)
The angle ¢ is uniformly distributed in (—20°,—2.5°) U (2.5°,20°).
The initial # momentum is fixed at P, = % ~ 45.6 GeV.

MSC models in use are WentzelVI, Urban90, Urban93 and Urban95.
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Conclusions

Influence of an Angular Distribution in ¢
Energy Loss

Total Energy Loss of p
geantd-09-06-beta, All MSC models, ARealisticRun, Landau fits

T = vewswi T ean rgy loss
% 0.09 H— Urban9o ?ﬁm
E E[— Urbano3 v .
€ 008 {— urbanss A @ P. Arce et al. mention a
£ E . New geometry
§ 00k [\ with @ distribution mean energy loss of about
* 006 | |
5 , \ 2.5 GeV.
0.05 | \
e b I\ @ Including a ¢ distribution,
0os F ’ \n = the present simulation
0oz | \ - : yields a value of only
oot jl \‘“‘m,. slightly more than 2.5 GeV.
007 1 2 3 4 5 6

7 8
energy loss [GeV]
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Conclusions

Influence of an Angular Distribution

Endpoint Displacement

Endpoint Displacement of " in the r¢ Plane
geantd-09-06-beta, All MSC models, ARealisticRun, Gaussian fits

é o 75%‘%? il M ribution widths
R | \\ @ WVI: 6.71 + 0.06 mm
=T wngamion N @ U90: 8.61 + 0.09 mm
N\ ® U93: 7.53+0.07mm
@ U95: 7.08 +0.07 mm
-~/ —— | o L3 data: 6.08+0.03mm

40 5
displacement [mm]
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Conclusions

Influence of an Angular Distribution in ¢

Conclusions

@ When including a ¢ distribution, the mean energy loss is even
closer to the value mentioned by Arce et al.

@ As expected, the widths of the endpoint displacement curves
are slightly larger when including a ¢ distribution.

@ Compared to the values without ¢ distribution, the widths are
about 7% larger for WentzelVI and between 2% and 3% larger
for the Urban models.
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Conclusions

L3 Detector Geometry

outer support tube

(Uranium-MWPC)

muon filter
(Brass-MWPC)

muon chambers
(MO, MM, Mi)

(TR I

http://13.web.cern.ch/I3/
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