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T R A C K FIN D IN G IN G A M M A C O N V ER SIO N S IN C M S
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Physics D epartm ent,U niversity ofN otre D am e,

N otre D am e,Indiana,U SA
�E-m ail:nancy.m arinelli@ cern.ch

A track � nding algorithm hasbeen developed forreconstruction ofe+ e� pairs.

Itcom binesthe inform ation ofthe electrom agnetic calorim eterwith the infor-

m ation provided by the Tracker.R esults on reconstruction e� ciency ofcon-

verted photons,as wellas on fake rate are shown for single isolated photons

and for photons from H ! 

 events with pile-up events at 1033 cm �2 s�1

LH C lum inosity.

1. Introduction

The need for high granularity and an adequate num ber ofm easurem ents
along thecharged particletrajectories,in orderto obtain excellentm om en-
tum resolution and pattern recognition in the congested environm ent of
LHC events,has lead to a CM S Trackerdesign having an unprecedented
largeareaofsilicon detectorswith avery largenum beroffront-end readout
channels.The resulting am ount ofm aterialis large and com prises active
layers,supportstructures,generalservicesaswellasan im pressivecooling
system .

The relatively m assive Trackerresultsin a large probability ofphoton
conversion and electron brem sstrahlung radiation in the Tracker volum e.
Thefraction ofphotonsconverting in theTrackerm aterial,integrated over
theacceptance,hasbeen estim ated from a sim ulated sam pleofsinglepho-
tonswith PT = 35 G eV (Fig.1).Thenum berofgam m aconversionsin CM S

isnotnegligibleand itisim portantto reconstructthe e+ e� tracks.M ajor
exam plesofthe use oftrack reconstruction ofgam m a conversionsare:

� Photonsfrom neutralpion decaysconstitutea very largebackground
to prom pt photons.In the case ofconverted photons the rejection ofthe
background using the electrom agnetic shower shape becom es ine� ective.
The inform ation added by dedicated track � nding im provesthe available
rejection factor.M oreoverthe inform ation from the trackscan be used to
re� nethe electrom agneticenergy clustering in the ECAL henceim proving
the energy m easurem ent.

� G am m a conversion reconstruction is also a toolfor electron recon-
struction validation,i.e.asym m etric conversions occurring very early in
the Trackerareunwanted background to genuineelectrons.

� The reconstruction ofconversion vertices provides,once the recon-
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struction e� ciency is taken into account,a \radiography" ofthe Tracker
and allowsthe m apping ofthe m aterialwith data.

Thispapersum m arizesthe work described in Ref.1;2.A detailed de-
scription ofthe CM S Electrom agnetic Calorim eter and ofthe Pixeland

Silicon Strip Trackerisprovided in Ref.3 and Ref.4;5 respectively.

2. Electron-positron pair track reconstruction

CM S track reconstruction isdivided into fourseparatesteps;a)trajectory
seed generation;b)trajectory building (i.e.seeded pattern recognition);c)
trajectory cleaning which resolvesam biguitiesand d)trajectory sm oothing
(i.e.the � naltrack � t).

In CM S,the standard seed and track � nding algorithm (Chapter 14,

Sec.4.1 ofRef.6)wasdeveloped and optim ized fortracksoriginating from
theprim aryinteraction vertex,with pattern recognition startingfrom track
seeds built in the pixeldetector.For electron tracks,instead,the m atch
between a super-clusterenergy depositin the ECAL and hitsin the pixel

detectorisused forbuilding seeds(Ref.7).
Neitheroftheseapproachesaresuitablefortracksoriginating from ver-

tices that are signi� cantly displaced with respect to the prim ary vertex
such as those from converted photons.Di� erent seed � nding and pattern
recognition algorithm sarenecessary.

Recently,aftera m ajorre-workingoftheCM S Reconstruction software

took place (Ref.8),additionaltrack seed � nding m ethodswere developed
which nolongerrelyon thePixelinform ation.Howevertheyweredeveloped
forgeneralusage and do notcom bine inform ation from ECAL forspeci� c
conversion reconstruction.

Thispaperdescribesthecom bination ofan inward ECAL seeded track
� nding m ethod with a subsequentoutward track � nding step.

2.1. Inward Tracking

The electron bending in the CM S 4 Tesla m agnetic � eld and the large
em ission probability of brem sstrahlung photons in the Tracker m aterial
leadsto a spray ofenergy in theECAL extending m ainly in thetransverse
plane.W hen dealingwith single,high-energyelectronstheelectronenergyis
collected byclustersofclustersextended alonga� roadcalled super-clusters

(SC).Di� erentclustering algorithm s(Ref.7)areused fortheECAL barrel
and endcaps.The sam e clustering procedure isapplied here when dealing
with converted photons.

The initialassum ption is m ade that the bulk ofenergy arising from
converted photonsiscontained in one super-cluster,howeverallowance is
m adefortracksfallingoutsideitsboundaries.Theenergyofthesub-clusters
within a SC and the m agnetic � eld are used to give a � rstrough estim ate
ofa trajectory path,assum ing thatthe initialphoton vertex isthe origin
ofthe reference fram e.Com patible hits are then sought for in the three
outerm ostlayersofTracker.Ifcom patible hitsare found they are used to
re-evaluatetheseed param etersreleasingtheinitialhypothesison theinitial
vertex.Seedsarebuiltoutofpairsofhitsand used forpattern recognition,
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trajectory building and � nal� tting proceedinginward in theTracker,using

the K alm an Filterform alism (Ref.9).
Theaverageradiation energyloss(brem sstrahlung)experienced byelec-

trons traversing the Tracker m aterial is described by the Bethe-Heitler

param etrization (Ref.10;11).W ith the K alm an � lter (which is a linear
least-squaresestim ator),the radiation energy lossistaken into accountat
each propagation step by correcting the track m om entum by an am ount
corresponding to the predicted m ean value ofthe energy loss and by in-
creasing the track m om entum variance with the predicted variance ofthe
energy lossunderthe assum ption thatitsdistribution isG aussian.

2.2. O utward Tracking

The two oppositely charged trackswith the largestnum berofhits recon-
structed with theinward trackingareused in turn,independently from one
another,asthe basisforthe outward seed and track � nding procedure.If
only one track wasfound itisused by default.G iven an inward track,its
innerm osthitisassum ed to bethee+ e� vertex and isused asthestarting
pointforseed � nding ofthe otherconversion arm .

The� rsthypothesisoftheoutgoingtrack ism adebased on thepresence
ofa basic clusterwithin a suitable � range from the presum ed conversion
vertex and thefactthatthetwotracksm ustbeparallelatthevertex.Pairs
ofhits com patible with the estim ated track path are sought in the next
two layersm oving outwardsalong the helix.These pairsare used asseeds
fortheforward trajectory building.Afterthisstep,trajectoriesarecleaned
according to the num berofshared hits and sm oothed with the backward
� t to obtain the param eters ofthe tracks at their innerm ost state.The
description given in Sec.2.1 concerning the treatm entofradiation energy
lossesapplieshere.

The two setsoftracksreconstructed in the inward and outward track-
ingproceduresarem erged together.Allcom binationsofoppositely charged
tracks are � tted to a com m on vertex and are considered as possible con-
verted photon candidates.

2.3. R esults

Thealgorithm ice� ciency wasm easured norm alizing thenum berofrecon-
structed conversionsto the sim ulated conversionswith the vertex located
before the third-outerm ostTrackerlayer(R� 85 cm ).Figure 2 showsthe
e� ciency asa function oftheradiusand of�;thetotale� ciency isbroken
down intotwocontributionsarisingfrom candidateswith tworeconstructed
tracksand those with only onetrack.

Atthispointitisim portantto check thatthephoton m om entum m ea-
sured from the tracks m atches the energy collected in the ECAL super-
cluster.The ratio PT (tracks)=E T (SC) is shown in Fig.3 for signaland
background (dark grey)from fakepairs.Thefraction offakepairswasm ea-
sured in a sam pleofHiggs-to-two-photon decayswith low LHC lum inosity

(1033 cm � 2 s� 1) pile-up events;it am ounts to about 5% ,easily reducible
with a cut on PT (tracks)=E T (SC).Finally the position ofthe � tted con-
version verticesisshown in Fig.4.Itisworth em phasizing thattheresults
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presented here were obtained with a non-� nalsim ulation ofthe Tracker
m aterialand arelikely to changein a future update.

3. C onclusions

A baseline reconstruction m ethod forconverted photonsin CM S hasbeen
described.Itgivesveryencouragingresults.Thistrackingm ethod,designed
speci� callyforreconstructionofconvertedphotonshasrecentlybeen ported

to thenew CM S Softwareenvironm ent(CM SSW )(Ref.8),wherethe� nal
Trackergeom etry description isbeing � nalized.
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Fig.1. Fraction ofphotonsconverting in the Tracker,integrated overallradii.
The fourhistogram scorrespond to 0.1 slicesin � around j�j= 0:2 (black),j�j=
0:9 (lightgrey),j�j= 2:0 (dark grey)and j�j= 1:2 (hollow).

Fig.2. Reconstruction e� ciency m easured with singlephotonswith � xed PT = 35
G eV/casafunction ofthesim ulated conversion-pointposition.(left)Total(black
dots),two-tracks(black squares)and singletrack (open dots);(right)Total(solid
line),two-tracks(dashed line)and single track (dotted line).

Fig.3. The ratio PT (tracks)=E T (SC) for reconstructed converted photons in a
sam ple ofH! 

 events with low lum inosity pile-up.The dark grey histogram
showsthe contribution from fake pairs.
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Fig.4. Reconstructed converted photon vertices.
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