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Trackidentification InSIWECal
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Objective

{ Detectsecondary particles from e

hadronicinteractionsin SIWECal 16 °

{ Thenumber of outgoing tracks can ¥

help to improve MC simulations and 1o
PFA

{ Datastudied: & between 2 and 10
GeV(FNAL, 2008)

Structure 2.8
(2<1.4mm of W plates)

Structure 4.6 // %
(3<1.4mm of W plates) l/ /

Structure 1.4
» (1.4mm of W plates)

ACTIVE ZONE
(18%18 cm?)

6%6 pads (10x10 mm?)



Analysisstrategy

{ Preselecthe events whichhave arenergydepositionat the last
layersof the ECabnd interaction in the firshalf of the Ecal

{ Removean interaction zondrom the events

{ Collectall possiblagopologicallyconnectedenergydepositionsin
ECato clusters ¢lusterizationstage)

{ Atthe lastlayersof the ECathe tracksare moredistinguishableso
startingclusterizationfrom the lastlayerswill have anadvantage

{ Classifyeachcluster agracklike or not
tracklike (analysisstage) 5 -

{ Buildan observableuantity and 1‘61
condition for classification. 12

{ Weare using Zalorimetercoordinates] ',
for pad position
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Cutout of interaction zone

The interaction zone is removed by the topological criteria and ignored
by further track finding algorithm.



Energyof interaction zone
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E /E

interaction ' — ECal

Energyfraction of the interaction zone fosr 1 &%or the the data
(dots) and FTFBertiniMC {ellow). Dataeventshave moreenergy
depositionin interaction zone.



Energyof interaction zone
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The O' yacpaoocuwaadior &? incomingparticlesof different energies
Error regions are statistical errors on the corresponding mean vadiues.
the datathere is more energydepositionin the interaction zone.



Clusterization

AE IPZ YEZY} u ored o
Clusterizatioris basedon recursion Considered pa

algorithm
{ Oneachstep, for a
padalgorithmfind !
neighbors and pu
cluster.
{ Theprocessnds i
{ allneighborsf - —
alreadyin anot ——
{ no more activ
agivenpadfou
{ As aresult, alltopo
connectedenergy
will form someam
clusters




Classification vector of a cluster

T Classification has following steps:
T cluster with < 3 pads is noise
T compute the module of cluster as
maximal distance@etween every
pad in cluster;
+ compute an observable:

Ozox& S

Coiip?d

where &is a correction for

imperfect tracks,0' s 18

T if &R sthen cluster is a track 1

t other clusters could be classified as 1 -
two close MIPs;

I After classification it is necessary to _

reconstruct segmentetracks using cone

algorithm
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Numberof tracks
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Average of the number of the tracks for different energy beams and MC
physics lists. On average there is more tracks in the data.



Angulardistribution of secondaries

o distribution
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Mean a angle
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Generatorf Trackscorrespondance

T OneMCeventcanhavebetween2000and 14000 M@articles
In the electromagneticcalorimeterregion

T Oneneedsto provideselectioncutson their kinematicsto get
the secondarieshat canbe reconstructedn the ECal

T Kineticenergycut 'pj 4

T Distance of flightut @

T Start pointcut - particleshouldbe producedwithin or
slightlybeforethe ECal

T Neutralparticlescut - only chargedparticlesare considered

T Mergingof collinearparticlesby O Eadriteria

T Thenumber of MC particles can be used as training diata
machinelearning algorithms
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Momentum of MCparticles
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Momentum ofMC particles for akkvents for 10GeVpion interaction. The
selectioncutsare! by P rau) A&GY P wwl .
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Comparisorwith MCtruth
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Study the correspondence between the number of found outgoing tracks
and the number of secondary particles that are produced in the simulation.
Yellowlinesare protons, Greefines t pions.
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Comparisorwith MCtruth
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Study the correspondence between the number of found outgoing tracks
andthe number of secondary particles that are produced in the simulation
The selectioncuts aré.p, g P ra) AP wwl a2<«aPré.
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Conclusion

T Wehave developed and tested an algorithm that finds the
outgoing tracks imadronicshowers
T Agood agreemenbetween MC and data wdeund
T Thenumber of found tracks was compared to the number of
secondary particles produced in tisemulation
T We can turn the MC secondary particles into an input data for
machine learning algorithms
T Further work:
T Study the systematics
t Add information fromHCal
T Test the algorithm by MC with magnetic field
+ Compare to other algorithms



Thank you!
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Choice of the observable

@ ,
el E 00x A
Oé©x£ S aOxee
Ideal track Real track
d d
@ s ; 2 os
Ozox& S O30x& S

T One needs to apply a correctiodD5 o «t@ define second cluster

as a track
t Free parameterdis defined empirically andls r’°

21



Angulardistribution study

+ We use common spherical
coordinates to define the 6 &;
angles for vector of the track

T The start and end points of a
track have integer values in
calorimeter unitstthe :06&a;
space is discrete.

Integer Integer

5L f..

—lc
Q_)/
~

1|
.
il
Z

Integer real

T Due to this definitiond angle is quantized andis discretefor small
tracks and more smooth for longer tracks

22
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Meanenergydeposition

Meanenergydepositionper pad in MIRinitsfor &7 incomingparticlesof
different energies Forthis graphwe selectedeventswith incoming &7 as
MIPs This informatiorcanbeused (} & Z]v ]Sy o]E@EIS]}vVv }
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Cutout of interaction zone

—)

The interaction zone is removed by the following topological criteria: if
some pad has more than 6 active neighbor pads, the considered pad

v ]38« v ]PZ }E- Aloo u EI e« ZeZ}A E %o o]
further analysis



Comparisorwith MCtruth

The histogram of event-per-event difference between number of
MC particles and the number of tracks without a shower identified
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e? andsecondariesomparison

Thehistogramof the meanenergydepositionper pad in MIRinitsfor &7
Incomingparticles(yellow) andoutgoingparticles(dots) for 10GeVenergy
These spectra almost coinciee most of outgoing particles areé®



Graph of 0isotropy

'"E %o Z0 ] e }8 E b (;/{5\0%/00 , Where Rjsa value ofbin of 6 angle
histogram
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EnergyTracksdependence

Totalenergydeposition(MIP)asfunction of numberof tracks(10 GeV
piondataat Fermilaly 200§. Errorbars are a standardeviationof a

Gaussialtiit for eachbin. Meanvalues arancreasingwith tracknumber,
but error bars aretoo large
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3D Houghtransform

Line ID

This algorithm uses 49 precalculated lines per pad. It can single
out the interaction zone to get rid of most of the noise.



