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Introduction and Setup

What | have done

@ Implementing and testing a Kalman filter dealing with strong
energy loss

@ The test setups are simplified CMS and Belle 2 tracker
geometries

@ Everything was written in Matlab
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Setup

One can specify these particle gun properties
@ a particle mass
@ a sign distribution
e @, z, 0 distribution

and these detector properties

strength of B,

L layers. Each has
a position (radius only)

°
°
@ measurement errors orep 0~
@ a material (e.g.: Si)

)

a thickness X
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Introduction and Setup

@ To test the correctness of the track fit parameters p the
standard score and a x? test was used

@ The tests were done separately for every layer and should

produce:
M ~ Norm(oy 1)
gif
and

(Pr — pe) " CH(pr — py) ~ X2

pe — Hm(e)HCc(po — HmM) T

f: filtered
t. true
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About the implementation

@ Energy loss was implemented using Bethe formula:

4 2 2 2
Ne€ 1 2me(E< — m*) m
AE(E) 4T mee3 < — m_2> (In( Im? = X

E2

@ For testing purposes the energy loss was sometimes
increased by a factor of 10

@ And multiple scattering with Highland formula:

_ 0.015E

%= VX(1+0.038In(X))
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Y About the implementation

features needed to pass tests

@ implicit calculation of AE in backward filter

E+AE(E)— fLAE(E)-E
1— LAE(E)

Enew =

@ energy loss not only increases k but also o, with linear error
propagation and holding the correlations of C constant

@ The E needed to calculate AE does not have to come from
the acting filter but e.g. from the smoother or the reference
track (necessary in the Belle 2 setup)
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Results

Parameter values for simulation

Belle 2 Setup:

B,=15T

radii: 1.32.23.88 11.5 14 (cm)
Ore: 151510 15 15 15 (pm)
0. 20 20 30 50 50 50 (um)

thickness of Silayers: 111111 (mm), 1mm Si ~ 0.0107
radiation lengths

@ 20000 tracks each a single 7"

@ ® random between 2 and 2w — 2, z random between —0.1
and 0.1

@ p and 8 same for all 20000 tracks

This results in AE(1 GeV) = 0.43MeV, AE(0.5GeV) =0.4 MeVm
AE(0.1GeV) = 0.81 MeV per layer g
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% H ENEH!’—EL! Results

Some details of the filter

the momentum used to calculate material effects comes
from a reference track

it is calculated like the simulation of a track but without the
multiple scattering

at the moment the reference track uses the track parameters
of the simulation in layer 1

@ this has to change, of course
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for some tests the filter uses wrong layer thicknesses
(random errors of normal distribution with ¢ = 0.1 - X)
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Results

Ore In layer 1 at different initial particle momenta and different
initial 6 values:
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Results

0 in layer 1 at different initial particle momenta and different
initial 6 values:
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Results

og in layer 1 at different initial particle momenta and different
initial 6 values:
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Results

0g = 0¢—o In layer 1 at different initial particle momenta and
different initial 6 values:
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Results

op In layer 1 at different initial particle momenta and different
initial 6 values:
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Results

op In layer 1 at different initial particle momenta and different
initial @ values:
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initial p =1 GeV and 6 = 45°

out the

Results

Conclusions and

pinlayer1 pT in layer 1
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HY ion and Setup  About the implementation Results Conclusions and O

L

initial p = 0.1 GeV and 6 = 45°

pinlayer1 pT in layer 1
900 T T T T T 900 T T T T
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HY oduction and Setup  About the implementation  Results Conclus

Institut i Hochenergiephysik

initial p = 0.1 GeV and 6 = 90°

pinlayer 1 pinlayer 1
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nentation  Results  Conclusions and Outloc

initial p = 0.1 GeV and 6 = 90°
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About the implementation  Results

p values from total x2 ff p values from total )(2 ff
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Conclusions

Moritz Nadler

filter works over wide range of initial momenta and and
angles

filter produces correct results even with artifically increased
energy loss

only when multiple scattering gets too strong ( small initial p
and ) a significant number of tracks a bad total chi? value

random errors of 10% magnitude in X known to the filter
have little influence on total x? and momentum resolution in
the inner layer
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Conclusions and Outlook

@ solve problem with strong multiple scattering
@ investigate influence of wrong particle mass in filter

@ change to a reference track that does not uses information
from simulation
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Conclusions and Outlook

This is the end

[m] =) = .
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