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Electron and Photon Identification Performance in ATLAS

H.J. Kim (for the ATLAS collaboration)
The University of Texas at Arlington, Arlington, TX 76019, USA

T he understanding of the reconstruction and calibration of electrons and photons is one of the key steps at the start-up
ofdata-taking with ATLA S El]at the LHC (Large H adron Collider). T he calorim eter cells are electronically calibrated
before being clustered. C orrections to local position and energy m easurem ents are applied to take into account the
calorin eter geom etry. F inally, longitudinalw eights are applied to correct for energy loss upstream of the calorim eter.
Asa laststep theZ ! eeeventsw illbe used for in-situ calibration using the Z boson m ass. T he electron identi cation
is based on the shower shape in the calorim eter and relies heavily on the tracker and com bined tracker/calorin eter
inform ation to achieve the required refction of10° against Q CD Fts fora reasonably clean inclusive electron spectrum

above 20 25 G €V . For photon identi cation, in addition to the show er shape in the calorin eter, recovery of photon
conversions is an essential ingredient given the large am ount ofm aterialin the inner tracker. T he electron and photon
identi cation m ethods (cuts and m ultivariate analysis) w ill be discussed.

1. THE ATLAS ELECTROMAGNETIC CALORIMETER

The ATLA S electrom agnetic (EM ) calorim eter is a lead/liquid argon sam pling calorin eter w ith accordion shaped
electrodes and absorbers interleaved. The calorim eter is divided In two half barrel cylinders covering the pseudo-
rapidity range j j 1475,housed in a single cryostat and tw o endcap detector (covering 1:375 Jj j 32)housed in
tw 0 separate endcap cryostats. Its accordion structure provides com plete symm etry w ithout azim uthalcracks. T he
total thickness of the calorin eter is greater than 22 radiation lengths (X o) in the barrel and 24X ¢ in the endcaps.
The EM calorim eter is highly segm ented w ith a 3-fold granularity in depth and granularity of 0:0003 01,
0:025 0:025,and 0:05 0:025, regpectively in the front, m iddle and back com partm ent. A pre-sam plerwith a ne
granularity In = ( 0:025) is located before the cryostat and the coil, enabling to correct for the corresponding
dead m aterial e ects. M ore details on the AT LA S detector can be found in B].

2. ELECTROMAGNETIC CALIBRATION

T he energy m easurem ent in the calorin eter cells is the starting point of the reconstruction of electrons and photons.
T he construction of cell clusters is based on two algorithm s, xed-size w ndow clusters for photons and topological
clusters for electrons. The xed-size algorithm starts by choosing a seed cell in the m ddle layer of EM calorin eter
and then vardes the position of a w indow to m axin ize the totalenergy contained in it. For the topological cluster,
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cells are chosen as seeds if their energy is above a given threshold. Since them aterial in front and the segm entation of
the calorim eter a ect the m easured energy and position of EM clusters, position and energy corrections are applied
at the cluster level. D ue to the nite granularity of the detector, the di erence between the true and the com puted
show er barycenter, as a function of the position inside the cell, has a typical S-shape. T he cluster position In  is
determ Ined from the energy barycenter in the second sam pling. The m easurem ent of isbiased by an o set due to
the accordion shape and depends on the distance to the folds of the accordion. T he energy of a cluster is obtained
byErece= @+ '¢Eg+ E1+ Eo+ !'3E3),whereE(,E1,E, and E 3 are the energies in the pre-sam pler and the three
layers of calorim eter. The o set term b corrects for upstream energy loss before presam pler. T he param eters , b,
1o,and !5, calld bngitudinal weights, are calculated by a 2 m inin ization of (E qye Erec)’= (Egrue )’ using
M onte C arlo single particle sam ples.

Fiure [l shows the resolution as a fiinction of the particle energy for electrons and photons at j j= 0:3 and
j j= 165. The ts shown allow the extraction of a sam pling term of the order of 105 = E [G&V ]and a anall
constant term B]. This result iscon m ed by the analysis of real test beam data E].
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Figure 1: Energy resolution for electrons and photons at j j= 0:3 and j j= 165, as function of incom ing energy. This is
obtained by using sin ulated single electron and photon sam ples.
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Figure 2: (a) The invariant m ass of four electrons (m ceee ) from H iggs boson decay sam ples with my = 130 G&V (using
calorim etric inform ation only, with no Z boson m ass constraint). (b) The invariant m ass of two photons (m ) from H Iggs

boson decay withmy = 120 G &V . The shaded plot corresponds to at least one photon converting at r < 80am .

Figure[d (a) shows the reconstructed distribution of the invariant m ass of the electrons after calibbration, in the
H ! eeeedecay,withmy = 130 GeV .The centralvalue is correct at the 0:7% leveland w ith a G aussian resolution
of 15% . Figure 2 (b) show s the reconstructed photon pair invariantm ass forH ! decayswithmy = 120G é&V.
T he central value of the reconstructed invariant m ass is correct at 0:22% level and with a G aussian resolution of
12% 31

U sing the clean and largestatistics sample of Z ! ee, it is possble to evaluate the overall EM energy scale
of the calorin eter from the data, and to determ ine precisely the inter calbbration between di erent regions of the
calorin eter. M onte C arlo-based evaluations, using 87,000 reconstructed Z ! ee events, show s that the longxrange
constant term can be kept below 0:5% [3]. Thisgives a global constant term below the design value of 0:7% .

3. ELECTRON AND PHOTON RECONSTRUCTION

T he sliding w indow algorithm isused to nd and reconstruct EM clusters. T his form s rectangular seed clusters
with a xed size,0:125 0:125 ( ), positioned tom axin ize the am ount of energy w ithin the cluster. T he com bined
reconstruction and classi cation checkswhether a track can bem atched to the seed cluster. If yes and the track does
not correspond to a conversion, it is classi ed as an electron, else as a photon. T he cluster is calibbrated according to
the particle hypothesis (electron/photon) w ith an optin ized cluster size.

D ue to the structure of the AT LA S tracker, photons w hich convert w ithin 300 mm of the beam axis are associated
with a track seeded in the silicon volum e, while photons which convert further away from the beam pipe are found
using tracks seeded in the Transition Radiation Tracker (TRT) [3] with or without associated hits in the silicon
detectorvolum e [3]. To reconstruct converted photon vertices, a dedicated vertex nder algorithm isused. C om bining
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Figure 3: E lectron denti cation e ciency as a function of Er . T he full sym bols correspond to electrons in SUSY events and
the open ones to single electrons of xed Er . This gure is taken from Ref.[8§].

these tools, a reconstruction e ciency of alm ost 80% can be achieved for conversions that occur up to a distance of
800 mm from thebeam axis [@].

Low mom entum , so called soft, electrons from J= and decays are useful to determ ine in—situ perform ance of
the trigger, o ine reconstruction and to calibrate the EM calorin eter. For initial um inosities of 10 3* am ?s !, a
trigger on low energy dielectron pairs (two Levell Trigger EM clusters greater than 3 G €V ) and tracking selection
in the High Level Trigger should provide a large sam ple of soft electrons from direct production of J= and
Track-seeded o ine reconstruction of low energy electrons nds a track in the inner detector and extrapolates it to
them iddle layer ofthe EM calorim eter and apply energy and position corrections [3]to calorim eter EM cluster. W ith
an integrated lum inosity of 100 pb !, a cut based electron identi cation and using the reconstruction of low -m ass
electron pairs, approxin ately two hundred thousand J= decays could be isolated [I7].

4. ELECTRON AND PHOTON IDENTIFICATION

In order to separate real electrons and photons from Fts, several discrin inating variables are constructed by
com bining the nform ation from the calorim eters and the Inner tracking systam . C alorin eter Inform ation is used to
select events containing a high-pr EM shower. Track isolation isused to further reduce rem aining fake photons from
high-pr ¢ low multiplicity $ts. E lectron indenti cation uses m ore sophisticated track inform ation.

Cutdased denti cation of high pr electrons (photons) is based on m any cuts which have been optim ized in up to
seven (six) binsin  and up to six (elght) bins In r . T hree levels of selections w ith increasing purity are available:
loose, medium and tight [8]. Figure[d show s the identi cation e ciency of the loose, m edium and tight cuts as a
function of Et . The e ciencies are com pared between single electrons of E 1 = 10;25;40;60;120 G &V and electrons
found in sin ulated supersym m etric events. A s expected, the single electron sam ple displays higher e ciencies than
in supersym m etric events, because of the lJarge hadronic activity in the later type of events.

In the Log-Likelhood Ratio (LLR ) method, the distrlbbution of each of the shower variables is nom alized to
unity toPobtajn a probability density function (PDF).0O nce the PDF 's are established, the LLR value is com puted as
LLR = 'i]: ; n(Lsi=Lly),whereLs; and Lk arePDF 'softhe i show er shape variable for the realelectrons/photons
and the fts, respectively. Figure[d (a) shows the distrdbution of LLR for photons and fts. The LLR cut can be
tuned In binsof and pr to obtain an optim al separation between photons and gts.

T heH -m atrix m ethod exploits the correlationsam ong transverse and longitudinalshow er shape variables to dentify
electrons and photons. The resam blance of a candidate to an electron or a photon shower is quanti ed by ? =

St @ viH ) yj),whereH = M ' is the inverse of the covariance matrix M of the shower shape
variables, and the indices i and j run from 1 to the total number of variables, nam ely 10. The shape of the
distributions of the selected show er shape variables depend on the and energy of the incom ing photon or electron.
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Figure 4: (a) The distrbution of LLR for photons (black histogram ) and Fts (gray histogram ). (b) The H-m atrix 2
distrdbution for an inclusive gt sam ple (dashed histogram ) and for the individual photons from the H ! sam ple (solid
histogram ). These gures are taken from Ref.|§].

These e ects are taken Into account in the construction of the H-m atrix using single photon or electron sam ples of
di erent energies, to param eterize each of the covariance term s In them atrix M as a function of photon or electron
energy. The separation power of the H -m atrix between real photons and fts is illustrated in Figure[d (b), where
the 2 distribution of the H-m atrix for the et sam ples is com pared to that obtained for photons from the H !
decay.
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