Momentum resolution of a tracking
system

Gang Li
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Momentum resolution
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Multiple
scattering
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scattering
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Particle track Particle track

» Complicated, when MS is taken into account

> Quite a few factors affect the momentum resolution
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Let's recall least square fit

(Neglecting the correlations among hits )
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It achieves the minimum when the derivatives are zeros
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In textbook, the Fisher information (FI) is defined as

2
(%—i’g) « Weighted sum of the squared derivatives
I = Y L=) ~— . .
o; - Weights: inverse squared errors
: : 2 1
Advantage of Fl: related to variance directly o > 7

Two ingredients of Fl
« Nominator : Derivatives of helix to measurements y;

« Denominator: The o, including both spatial resolutions(SP) and MS
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Nominator: Squared Derivatives (SD) | :
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Varies in a huge range ( vs. R & momenta)
~ 8 orders of magnitudes difference @ R= 1.8 m
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Denominator: spatial resolution(SP)
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P(GeV/c)

Denominator; combined MS and SP L —
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Complicated but understandable
« MS: negligible for sufficiently high pt (>10 GeV)

[ ~102

(~10%)

« MS: ~3 order of magnitudes between 1 and 100 GeV atR = 1.8 m
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Fl= SD/(SP2+MS?)
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Though taking MS into account, DC contributes more

information to low pt tracks - derivates dominant.
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Accumulated FI: sum of the first nlayers
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Same conclusion
DC does play an important role for low pt due to large derivatives
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P, resolution
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Low pt tracks gain more information from DC

~ 10 times difference because that.it,is,square root and relative resolution



Optimal layout of a toy silicon tracker with Multiple-scattering

p = 1.0 GeV/c, disign = basic_silicon_design 90
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Summary

- Mathematical test shows that various factors affects the resolutions
of track parameters
> L
> B
> X0
> Layout

> Derivatives

> ...
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Our tracker vs a toy FST

(uniformly distributed 12 layers of silicon with 10 microns ¢ & 0.002X0 )
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