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TRACK FINDING IN GAMMA CONVERSIONS IN CM S

N.MARINELLI

Physics D epartm ent, University of Notre D am e,
N otre D am e, Indiana, U SA
E-m ail: nancy m arinelli@ cern .ch

A track nding algorithm has been developed for reconstruction of é e pairs.
Tt com bines the Inform ation of the electrom agnetic calorim eter w ith the infor-
m ation provided by the Tracker. R esults on reconstruction e ciency of con-—
verted photons, as well as on fake rate are shown for single isolated photons
and for photons from H ! events w ith pileup events at 10°> am 2 s!
LHC lum inosity.

1. Introduction

T he need for high granularity and an adequate num ber of m easurem ents
along the charged particle tra fctories, in order to obtain excellent m om en—
tum resolution and pattem recognition in the congested environm ent of
LHC events, has lead to a CM S Tracker design having an unprecedented
large area of silicon detectorsw ith a very large num ber of front-end readout
channels. T he resulting am ount of m aterial is Jarge and com prises active
layers, support structures, general services aswell as an In pressive cooling
system .

T he relatively m assive Tracker results In a lJarge probability of photon
conversion and electron brem sstrahlung radiation in the Tracker volum e.
T he fraction of photons converting in the Trackerm aterial, integrated over
the acceptance, has been estin ated from a sin ulated sam ple of single pho—
tonswith Pr=35G eV (Fig.1l).Thenum berofgamm a conversions in CM S
is not negligible and it is in portant to reconstruct the e' e tracks.M apr
exam ples of the use of track reconstruction of gam m a conversions are:

Photons from neutral pion decays constitute a very large background
to prom pt photons. In the case of converted photons the rejction of the
background using the electrom agnetic shower shape becom es ine ective.
The inform ation added by dedicated track nding in proves the available
refction factor.M oreover the inform ation from the tracks can be used to
re ne the electrom agnetic energy clustering in the ECA L hence in proving
the energy m easurem ent.

Gamm a conversion reconstruction is also a tool for electron recon-—
struction validation, ie. asymm etric conversions occurring very early in
the Tracker are unw anted background to genuine electrons.

T he reconstruction of conversion vertices provides, once the recon-
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struction e ciency is taken into account, a \radiography" of the Tracker
and allow s the m apping of the m aterialw ith data.

T his paper sum m arizes the work described in Ref. 1:2 A detailed de-
scription of the CM S E lectrom agnetic C alorim eter and of the P ixel and

Silicon Strip Tracker is provided in Ref. 3 and Ref. 4 O respectively.

2. E lectron-positron pair track reconstruction

CM S track reconstruction is divided into four separate steps; a) tra fctory
seed generation; b) tra ctory building (ie. seeded pattem recognition);c)
tra pctory cleaning w hich resolves am biguities and d) tra ectory sm oothing
(ie.the naltrack t).

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

Sec4.l ofRef. 6) was developed and optim ized for tracks originating from

the prim ary Interaction vertex,w ith pattem recognition starting from track
seeds built in the pixel detector. For electron tracks, instead, the m atch
between a super<luster energy deposit n the ECAL and hits In the pixel

detector is used for buiding seeds Ref. /).

N either of these approaches are suitable for tracks origihating 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 pattem
recognition algorithm s are necessary.

R ecently, after a m a pr re-w orking of the CM S R econstruction softw are

took place Ref. 8 ), additional track seed nding m ethods were developed
w hich no Ionger rely on the P ixel .nform ation . H ow ever they w ere developed
for general usage and do not com bine inform ation from ECAL for speci ¢
conversion reconstruction.
T his paper describes the com bination of an inward ECA L seeded track
nding m ethod w ith a subsequent outward track nding step.

2.1. Inward Tracking

The electron bending in the CM S 4 Tesla magnetic el and the large
am ission probability of brem sstrahlung photons in the Tracker m aterial
leads to a spray of energy In the ECAL extending m ainly In the transverse
plane.W hen dealing w ith single, high-energy electrons the electron energy is
collected by clusters ofclustersextended alonga road called superclisters

(5C).D1i erentclustering algorithm s (Ref.7) are used for the ECAL barrel
and endcaps. T he sam e clustering procedure is applied here when dealing
w ith converted photons.

The initial assum ption is m ade that the buk of energy arising from
converted photons is contained In one super-clister, how ever allow ance is
m ade for tracks falling outside itsboundaries. T he energy of the sub-clusters
within a SC and them agnetic el areused to givea rst rough estin ate
of a tra fctory path, assum Ing that the initial photon vertex is the origin
of the reference fram e. Com patdble hits are then sought for in the three
outerm ost layers of Tracker. If com patible hits are found they are used to
re-evaluate the seed param eters releasing the nitialhypothesison the nitial
vertex . Seeds are built out of pairs ofhits and used for pattem recognition,



April9,2013 21:54 W SPC -Proceedings Trin Size: 9In x 6.n  NancyM arimeliICATPP07

tra pctory buiding and nal tting proceeding inward in the T racker, using

the K alm an Filter form alisn (R ef. 9).
T he average radiation energy loss (brem sstrahlung) experienced by elec-
trons traversing the Tracker m aterial is described by the BetheH eitler

param etrization (R ef. 10; ll). W ith the Kalnan Iter (which is a linear
least—squares estin ator), the radiation energy loss is taken into account at
each propagation step by correcting the track m om entum by an am ount
corresponding to the predicted m ean value of the energy loss and by in—
creasing the track m om entum variance w ith the predicted variance of the
energy loss under the assum ption that its distrdbution is G aussian.

2.2. Outward Tracking

T he two oppositely charged tracks w ith the largest num ber of hits recon—
structed w ith the nward tracking are used in tum, Independently from one
another, as the basis for the outward seed and track nding procedure. If
only one track was found it is used by default. G iven an inward track, its
nnerm ost hit is assum ed to be the " e vertex and is used as the starting
point for seed nding of the other conversion am .

The rsthypothesisofthe outgoing track ism ade based on the presence
of a basic cluster w ithin a suitable range from the presum ed conversion
vertex and the fact that the two tracksm ust be parallel at the vertex.Pairs
of hits com patble w ith the estin ated track path are sought in the next
two Jayers m oving outw ards along the helix. T hese pairs are used as seeds
for the forw ard tra fctory buiding. A fter this step, tra fctories are cleaned
according to the num ber of shared hits and an oothed w ith the backward

t to obtain the param eters of the tracks at their innemm ost state. The
description given in Sec. 2.1 conceming the treatm ent of radiation energy
losses applies here.

T he two sets of tracks reconstructed in the inward and outward track-
ing procedures arem erged together. A 11 com binations of oppositely charged
tracks are tted to a comm on vertex and are considered as possible con—
verted photon candidates.

2.3. Results

T he algorithm ic e ciency wasm easured nom alizing the num ber of recon—
structed conversions to the sim ulated conversions w ith the vertex located
before the third-outerm ost Tracker layer (R 85 am ). Figure 2 show s the
e clency asa function of the radius and of ;the totale clency is broken
dow n Into tw o contributions arising from candidatesw ith tw o reconstructed
tracks and those w ith only one track.

At this point it is in portant to check that the photon m om entum m ea—
sured from the tracks m atches the energy collected in the ECAL super-
cluster. The ratio Pr (tracks)=Er (SC) is shown in Fig. 3 for signal and
background (dark grey) from fake pairs.T he fraction of fake pairswasm ea—
sured in a sam ple of H iggs—+to-tw o-photon decays w ith low LHC lum inosity
(10°* am % s ') pileup events; it am ounts to about 5% , easily reducble
with a cut on Pr (tracks)=E 1 (SC ). Finally the position of the tted con—
version vertices is shown in Fig. 4. It is worth em phasizing that the results
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presented here were obtained w ith a non— nal sinulation of the Tracker
m aterial and are lkely to change in a future update.

3. Conclusions

A baseline reconstruction m ethod for converted photons in CM S has been
described . Tt gives very encouraging results. T his tracking m ethod , designed
goeci cally for reconstruction of converted photonshas recently been ported
to thenew CM S Software environm ent (CM SSW ) (Ref. 8),where the nal
T racker geom etry description is being nalized.
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Fig.1l. Fraction of photons converting in the Tracker, integrated over all radii.
T he four histogram s correspond to 0.1 slices in  around j j= 02 (black), j j=
09 (lightgrey), j j= 20 (dark grey) and j j= 12 (hollow ).

Fig.2. Reconstruction e ciency m easured w ith single photonsw ith xed B =35
G eV /casa function of the sin ulated conversion-point position. (left) Total (black
dots), two+tracks (black squares) and single track (open dots); (right) Total (solid
line), two—tracks (dashed line) and single track (dotted line).

Fig.3. The ratio Pt (tracks)=E 1 (SC ) for reconstructed converted photons in a
sam ple of H ! events w ith low Ilum inosity pileup. T he dark grey histogram
show s the contrbution from fake pairs.
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Fig.4. Reconstructed converted photon vertices.



80 100 120
Simulated conversion radius (cm)

60

40

20

o

o o o o o o o o

N~ O Lo < o™ AN i
(94) suojoyd palidaAu09d JO uonoel palrelbalul



Algorithmic reconstruction efficiency

20 40 60 80 100 120
True conversion radius



Efficiency

1IIII

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

BN AR NN RN R NR RN RN NN SN AN NN

0
-2.5

-2

-1.5

-1

-05 O

05 1 15 2 25
True conversion eta



180

160

140

120

100

80

III|III|III|III|III|III|_

60

40

20

II|III
III|III|III|III|III|III|III|III|III|_

o I - e LLILL.IHL-.

0 0.2 04 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Ptracks/ESC
T T




50 100 150 200

0

-50

00 -150 -100

2

Z (cm)



~100
© 80
> 60

40

20
0
-20
-40
-60
-80

1.-I .I

- T v by
1q900 -80 -60 -

40

X (cm)




