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Resolution and the variety of clusters

¥ There is significant literature on the position resolution obta
from interpolation of charge measurements
¥ A comprehensive study of the resolution obtainable tiithry
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Position Resolution In the x and y direction

¥ Resolution was calculated for the peaks and valleys of the Pr(Most Probabl Length)
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Motivation

Model comparison metrics

¥ Requirements on the material budget and radiation hardness ¥ EMstandard: most commonly used Geant4 physics model at

pushing sensors to becontidnner.
¥ Landau-Vavilov distribution describes the energy fluctuations and does not include shell electron effects.

thick sensors quite welbut not for thin sensors.

¥ For thin sensors, the Bichsel model is more complete and h energy loss model in Geant4. In good agreement with the

been shown to reproduce measured energy losses

¥ We implemented the Bichsel model into a standalone Geanly Energy deposition for a single layer of a silicon detector with
package called Allppand compare the result with other mode!l v arious thickness

What 1S BIChsel mOdeI? %’O'OS_ Thickness = 1 um ?O'Og_ Thickness = 10 um
¥ Bichsel straggling function accounts for shell-effects of silicg =2 2
_ O 0.06 —— EMStandard © 0.06[~ ~ EMStandard
atom and has been shown to reproduce measured energy I & o > o
N 5 | - S -
é §I / o = 0.04 H{ | | %i% Bichsel 0.04_— *§}§= Bichsel
i i l s
.02t WAL 0.02
*We thank Hans : | i
Bichsel for his great L [ 0T s a0 80
EMStandard Work on thIS model Energy Loss /3.6 eV/ um Energy Loss /3.6 eV/ Lm
¥ Fluctuations in the energy loasd mainly due to 2 sources: oot -
. . . ! . : =7 : _ 2 : _
A.The number of collisions: Poisson distributio g [hokness=100um £ | Thickness =200 um
(z/A)" : =
Pr(n) — L 6! X/ §006— §§§EMStandard §006— §§§EMStandard
n! | : Mean free path, calculated froi g N =
i ON(E s | = R
'l= N dE"(E) thecollision cross section(E) 2 \ eires 2
B. Energy loss distributioafter n collisions: - I -
0.02— 1 0.02— -a
. | i | I
L0)r = EN'M D1 E)dE | )ﬂ S
0 0L —t—1— J-'II AT B O_' L J'[ TR |ﬁ| |
_ _ _ 0 50 100 150 0) 50 100 150
¥ The full straggling function of Bichsel model: Energy Loss /3.6 eV / um Energy Loss / 3.6 eV / um

f(A,X) = i o A)re

n=0

¥ This equation does not admit a closed-form analytic solution ¥ Below 10 um, large differences between 3 models. The shell

n!

numerical calculations are provided.

Position residual of 3 models

LHC. This model results in Landau-Vavilov-like distributions

¥ The Photo Absorption lonizatio®Al) model: a more detailed

experiment data on energy loss for moderately thin sensors.

¥ PAI and Bichsel models are similar because both of these tw
models include shell corrections

effects are very pronounced In the Bichsel model.

Time comparison

|

¥ Variations in the energy loss distributions lead to differemcéise reconstructed hit position| ¥ | | n pl
¥ Bichsel and PAI agree well with each other, but have a larger discrepancy with EMstang IS long simulation time.
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¥ PAI is not used in practice due to
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¥ Our implementation of Bichsel: 5
times faster than PAI
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