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Objective
�{ Detect secondary particles from 

hadronicinteractions in SiWECal.

�{ The number of outgoing tracks can 
help to improve MC simulations and 
PFA

�{ Data studied: �è�? between 2 and 10 
GeV(FNAL, 2008)
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Analysisstrategy
�{ Preselectthe events, whichhave an energydepositionat the last 

layersof the ECaland interaction in the first half of the Ecal
�{ Removean interaction zone from the events
�{ Collectall possible topologicallyconnectedenergydepositionsin 

ECalto clusters (clusterizationstage)
�{ At the last layersof the ECalthe tracksare more distinguishable, so

startingclusterizationfrom the last layerswill have an advantage.

�{ Classify eachcluster as tracklike or not 
tracklike (analysisstage)

�{ Buildan observable quantityand 
condition for classification.

�{ Weare using�Zcalorimetercoordinates�[��
for pad position:

�P
�TL �s�á�t�á�å �s�z
�UL �s�á�t�á�å �s�z
�VL �s�á�t�á�å�u�r
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The interaction zone is removed by the topological criteria and ignored 
by further track finding algorithm.

Cutout of interaction zone
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Energyof interaction zone

Energyfraction of the interaction zone for �s�r�
�‡�� �è�?for the the data 
(dots) and FTFP BertiniMC (yellow). Data eventshave more energy
depositionin interaction zone.
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Energyof interaction zone

The O�' �Ü�á�ç�Ø�å�Ô�Ö�ç�Ü�â�á�� �' �¾�¼�Ô�ßPfor �è�? incomingparticlesof different energies.
Error regions are statistical errors on the corresponding mean values.In 
the data there ismore energydepositionin the interaction zone.
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Clusterization

Clusterizationisbasedon recursion
algorithm:
�{ On eachstep, for a givenactive 

pad algorithmfindsthe active 
neighbors, and put them into one 
cluster.

�{ The processends if:
�{ all neighborsfoundare 

alreadyin anotherclusters
�{ no more active neighborsof 

a givenpad found
�{ As a result, all topologically

connectedenergydepositions
will form someamountof 
clusters

�^�E���]�P�Z���}�Œ�Z�}�}�������µ�����_
Considered pad
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Classification
�‡ Classification has following steps:

�‡ cluster with < 3 pads is noise
�‡ compute the module of cluster as 

maximal distance �@between every 
pad in cluster;

�‡ compute an observable:

�æL
�×

�Ç�Û�Ì�Ï�Þ�?�5
E�ó�0�ã�Ô�×�æ,

where �óis a correction for 
imperfect tracks, �ó�' �s

�‡ if �æR�sthen cluster is a track
�‡ other clusters could be classified as 

two close MIPs;
�‡ After classification it is necessary to 

reconstruct segmented tracks using cone 
algorithm

vector of a cluster

�0�ã�Ô�×�æF �s

d
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Comparison plots of 10 GeVpion data (dots) and MC (Geant9.6 p01) (yellow) 
for �0�ç�å�Ô�Ö�Þ�æ(left) and �0�Ö�ß�è�æ�ç�Ø�å�æ(right). The data/MC agreement isgood.

FTFP_BERT

QGSP_BERT

Comparisonof �0�ç�å�Ô�Ö�Þ�æand �0�Ö�ß�è�æ�ç�Ø�å�æ
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Numberof tracks

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



11

Angulardistribution of secondaries

�s�r�
�‡�� �è�?for the the data (dots) and QGSP BertiniMC (yellow). 
Bothdistributions well coincide.

�ödistribution �àdistribution
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Mean �à angle

Average values of �àangles for the data. Cross section of �è�? interaction 
increaseswith the �' �Õ�Ø�Ô�à, and cross section is largerfor the data events.
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Generator/Trackscorrespondance

�‡ One MC eventcanhave between2000 and 14000 MC particles
in the electromagneticcalorimeterregion.

�‡ One needsto provideselectioncutson their kinematicsto get
the secondariesthat canbe reconstructedin the ECal:

�‡ Kineticenergycut �' �Þ�Ü�á
�‡ Distance of flight cut �@�Ù
�‡ Start point cut - particleshouldbe producedwithin or 

slightlybeforethe ECal
�‡ Neutralparticlescut - onlychargedparticlesare considered
�‡ Mergingof collinearparticlesby �O�E�J�àcriteria

�‡ The number of MC particles can be used as training data for 
machine learning algorithms.
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Momentumof MC particles

Momentum of MC particles for all events for 10 GeVpion interaction. The 
selection cuts are: �' �Þ�Ü�áP �r�ä�u�)�A�8�á�@�ÙP �w�w�I�I . 
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Comparisonwith MC truth

Study the correspondence between the number of found outgoing tracks 
and the number of secondary particles that are produced in the simulation.
Yellowlinesare protons, Green lines�t pions.
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Comparisonwith MC truth

Study the correspondence between the number of found outgoing tracks 
and the number of secondary particles that are produced in the simulation.
The selection cuts are: �' �Þ�Ü�áP �r�ä�u�)�A�8�á�@�ÙP �w�w�I�I �á�•�‹�•�àP �r�ä�t.
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Conclusion

�‡ We have developed and tested an algorithm that finds the 
outgoing tracks in hadronicshowers

�‡ A good agreement between MC and data was found 
�‡ The number of found tracks was compared to the number of 

secondary particles produced in the simulation
�‡ We can turn the MC secondary particles into an input data for 

machine learning algorithms
�‡ Further work:

�‡ Study the systematics
�‡ Add information from HCal
�‡ Test the algorithm by MC with magnetic field
�‡ Compare to other algorithms
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Thank you!



20



21

Choice of the observable

Ideal track Real track

d d

�@
�0�ã�Ô�×�æF �s

P �s
�@

�0�"�ã�Ô�×�æF �s
O�s

�‡ One needs to apply a correction �ó�0�ã�Ô�×�æto define second cluster 
as a track

�‡ Free parameter �óis defined empirically and �ó�1�s�r�?�6

�æL
�@

�0�ã�Ô�×�æF �s
E�ó�0�ã�Ô�×�æ
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Angulardistribution study
�‡ We use common spherical 

coordinates to define the �:�ö�á�à�;
angles for vector of the track

�‡ The start and end points of a 
track have integer values in 
calorimeter units �t the �:�ö�á�à�;
space is discrete.

�ö L �ƒ�…�‘�•
�U
�T

�àL �=�P�=�J
�V
�N

integer

integer

integer

real

�‡ Due to this definition �öangle is quantized and �àis discrete for small 
tracks and more smooth for longer tracks
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Meanenergydeposition

Meanenergydepositionper pad in MIP units for �è�? incomingparticlesof 
different energies. For this graph we selectedeventswith incoming�è�? as 
MIPs. This information canbeused�(�}�Œ���Z�]�v���•�]�š�µ�[�������o�]���Œ���š�]�}�v���}�(���š�Z����ECal
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The interaction zone is removed by the following topological criteria: if 
some pad has more than 6 active neighbor pads,  the considered pad 
���v�����]�š�•���v���]�P�Z���}�Œ�•���Á�]�o�o���������u���Œ�l���������•���Z�•�Z�}�Á���Œ���‰�����•�[�����v�����]�P�v�}�Œ���������Ç��
further analysis

Cutout of interaction zone
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Comparisonwith MC truth

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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�è�? and secondariescomparison

The histogramof the meanenergydepositionper pad in MIP units for �è�?

incomingparticles(yellow) and outgoingparticles(dots) for 10 GeVenergy. 
These spectra almost coincide -> most of outgoing particles are �èG. 



29

Graph of �ö isotropy

�'�Œ���‰�Z���}�(���Z�ö �]�•�}�š�Œ�}�‰�Ç�[���+�æL ���Ã�Ü
�×�é�Ô
�×�%

��, where�R�Üisa value of �Ebin of �öangle 

histogram. 
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Energy/Tracksdependence

Total energydeposition(MIP) as functionof numberof tracks(10 GeV
pion data at Fermilab, 2008). Errorbars are a standard deviationof a 
Gaussianfit for eachbin. Meanvalues are increasingwith tracknumber, 
but error bars are too large
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3D Houghtransform

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

Line ID


