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TAGGING b-JETS USING LOW-pT ELECTRONS�Stanisªaw JagielskiFa
ulty of Physi
s and Nu
lear Te
hniques, University of Mining and Metallurgy30-055 Kraków, al. Mi
kiewi
za 30, PolandAnna Ka
zmarska and Mar
in WolterInstitute of Nu
lear Physi
s30-059 Kraków, Kawiory 26a, Poland(Re
eived De
ember 18, 1999)This note presents a study of b-jet tagging in ATLAS using soft ele
tronsfrom semileptoni
 b-quark de
ays. Both Inner Dete
tor and EM Calorime-ter information is used by the b-tagging algorithm to identify signal ele
-trons inside jets. The performan
e of this algorithm in terms of expe
tedb-tagging e�
ien
y and non-b jet reje
tion is dis
ussed in detail over thesmall 
entral rapidity range and for low luminosity operation. For an algo-rithm e�
ien
y of 50% (and an overall e�
ien
y of 7:2% taking into a

ountthe bran
hing ratio of b ! e de
ays), reje
tions of 554 against u-jets, 192against gluon jets and of 47 against 
-jets 
an be a
hieved. Su
h a soft-ele
tron b-tagging algorithm 
an be 
ombined with the higher-e�
ien
yvertexing algorithm to improve the b-jet tagging performan
e.PACS numbers: 07.05.Kf 1. Introdu
tionThe 
apability for e�
ient identi�
ation of high-pT jets originating fromb-quark fragmentation plays a key role in the analysis of various physi
al pro-
esses expe
ted to be observed in the ATLAS experiment. Many interestingphysi
s 
hannels have �nal states involving b-quarks:� Higgs boson de
ays, H ! bb, from asso
iated WH and ttH produ
-tion [1℄. This 
hannel is important for SM Higgs sear
hes and also forsear
hes of Higgs bosons in the MSSM [2℄,� Work supported in part by Polish Government grants 115/E-343/SPUB/P03/004/97,115/E-343/SPUB/P03/157/98, 2P03B00212 and KBN/S2000/IFJ/009/1998.(931)
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as
ade de
ays of SUSY parti
les [3, 4℄,� top-quark de
ays (t!Wb and possibly t!WbZ) [5℄.In all of the above pro
esses jets originating from lighter quarks and fromgluons are sour
es of a potentially large ba
kground. Therefore the observ-ability of signals in multi-b-jet �nal states generally requires a high reje
tionof non-b jets (typi
ally � 10) together with the highest possible e�
ien
yfor b-jet identi�
ation.It was already shown by the CDF [6℄ and LEP [7℄ experiments, thatb-tagging 
an be a
hieved by two independent methods. Vertexing algo-rithms make use of the relatively long B lifetime, while lepton tagging isbased on the identi�
ation of the soft leptons from B de
ay. While thee�
ien
y of the vertexing algorithms is only limited by the dete
tor perfor-man
e, the expe
ted e�
ien
y of the soft lepton tagging method is limitedalso by the fra
tion of B-hadron de
ays 
ontaining leptons (� 17% per lep-ton family).So far, ATLAS evaluations of the performan
e of the soft-lepton tagginghave been restri
ted to the 
ase of ele
trons [9�11℄; however, similar studiesusing muons are foreseen [12℄. It is also foreseen that both methods, ver-texing [8℄ and soft-lepton tags, will be 
ombined [13℄ to a
hieve the highestpossible b-tagging performan
e.As in [9�11℄, the present note also only dis
usses the b-tagging perfor-man
e based on the identi�
ation of the soft ele
trons over a small 
entralrapidity range. However the previous analyses have been 
ompleted andextended through:� the analysis of a large variety of ba
kground samples using mu
h higherstatisti
s;� the appli
ation of a 
-
onversion and Dalitz de
ay �nding algorithm;� the re
onstru
tion of the b-jet dire
tion using fast simulation;� the use of a 
ombined dis
riminating fun
tion, built from several EMCalorimeter and Inner Dete
tor spe
i�
 variables and used to optimisethe reje
tion power versus the b-tagging e�
ien
y.The present paper is organised as follows. In Se
tions 2 and 3, theanalysed samples and the kinemati
al properties of signal and ba
kgroundevents are dis
ussed. Se
tion 4 presents in detail the event re
onstru
tionafter full dete
tor simulation, and Se
tion 5 spe
i�es the variables and thealgorithm used by the b-tagging pro
edure. Se
tion 6 dis
usses the results ofthe standard algorithm and also, in some detail, the impa
t of the use of some
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trons 933of the variables on the �nal performan
e. Con
lusions and an outlook arepresented in Se
tion 7. Some more te
hni
al details are given in Appendi
esA to C. 2. Samples2.1. Generated samplesThe analysis is performed using events from Higgs-boson asso
iated pro-du
tion, WH with W ! �� and mH = 100 GeV. Several event samples are
onsidered: the signal sample of H ! b�b events and ba
kground samples ofH ! gg; 
�
; u�u events. The samples were generated using PYTHIA 5.702and JETSET 7.408. The following presele
tion was applied on the gener-ated events before performing full simulation of the ATLAS dete
tor:� for signal events:� both b-quarks (before �nal state radiation, FSR) are required tohave pbT > 15 GeV and j�bj < 0:3;� at least one ele
tron with peT > 1 GeV and j�ej < 0:6 is requiredto be found in a 
one �R = p[��(e; b)℄2 + [��(e; b)℄2 < 0:4around ea
h b-quark axis (before FSR);� and for ba
kground events:� both partons (g; 
; u) are required to have pg;
;uT > 15 GeV andj�g;
;uj < 0:3 .A signal sample was �ltered for both hard partons and for ele
trons, whilea ba
kground sample only for hard partons. For signal events, this prese-le
tion produ
es a sample of b-jets whi
h are expe
ted to 
ontain ele
trons
oming from 
as
ade de
ays within the jet 
one1, to have high jet re
on-stru
tion e�
ien
y and to have fragmentation produ
ts limited to the smallrapidity range under study here (j�j < 0:6). For the ba
kground events, the�lter sele
ts events with the expe
ted high jet re
onstru
tion e�
ien
y andwuth fragmentation produ
ts limited to the small rapidity range.1 In the �rst step of the analysis, jets are re
onstru
ted with a fast algorithm andthe b-quark after FSR is sear
hed for in a 
one around the re
onstru
ted jet axis.Jets 
ontaining b-quarks with pb�quarkT > 5GeV, �R < 0:2 are labelled as b-jets
andidates. As explained later, the axis of the re
onstru
ted jets is slightly displa
edfrom the �ight dire
tion of the b-quark from H ! b�b de
ay. Nevertheless, the �lterapplied above is very e�
ient and, for 96% of the re
onstru
ted jets labelled as b-jets,an ele
tron of peT > 1 GeV and �R < 0:4 is found after the jet re
onstru
tion.
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zmarska, M. WolterAfter �ltering about 2100 signal H ! b�b events, 7000 events of H ! u�u,4000 events of H ! 
�
 and 7200 events of H ! gg were pro
essed throughthe ATLAS dete
tor simulation using the DICE 96_9 pa
kage [14℄ with a
ti-vated simulation of the Inner Dete
tor and the Ele
tromagneti
 Calorimeter.2.2. Ele
trons in jetsTrue soft ele
trons are present both in the signal and the ba
kgroundjets. These ele
trons originate from the de
ays of parti
les from the hadroni

as
ade or from the intera
tion of parti
les with the dete
tor material. Sin
ethe aim of the algorithm presented here is to identify the presen
e of ab-quark inside a re
onstru
ted jet (the so 
alled b-jet) by using as a tag softele
trons from B-hadron semileptoni
 de
ays, ele
trons will be 
lassi�ed asirredu
ible (or signal) and redu
ible (or ba
kground) throughout this note.The signal (irredu
ible) ele
trons inside b-jets2 
ame from following pro-
esses [15℄:� dire
t semileptoni
 de
ays of B mhadrons with an ele
tron in the �nalstate (b! e);� 
as
ade de
ays of B-hadrons to 
harm hadrons, whi
h later de
ay se-mileptoni
ally with an ele
tron in the �nal state (b! 
! e);� leptoni
 de
ays of J=	 
oming from b de
ays (b! J=	 ! e);� de
ays of B-hadrons to � -leptons with susequent de
ays into ele
trons(b! � ! e).In the ba
kground (non-b) jets su
h ele
trons are also expe
ted. Forexample, inside the gluon jets, be
ause of their larger heavy quark 
ontent,ele
trons from b ! e, b ! 
 ! e o

ur quite frequently and ele
trons from
 ! e also obviously o

ur inside 
-jets. The u-jet sample is almost free3su
h ele
trons. The presen
e of irredu
ible ele
trons in the ba
kground jetswill of 
ourse limit the b-tagging performan
e at some level.The ba
kground (redu
ible) ele
trons 
ommon to all types of jets arisefrom the following pro
esses:2 Jets from H ! b�b de
ays are labelled as b-jets if they 
ontain a hard b-quark (afterFSR) within a small 
one �R < 0:2. A similar de�nition is applied to 
-jets, u-jetsand g-jets, where the respe
tive hard parton (before FSR) from H-boson de
ay isused to label the jet. One should note that, in general, it is not really possible in aparton-shower MC pa
kage su
h as PYTHIA/JETSET to identify the parent partonof a jet re
onstru
ted using the �nal-statestable parti
les.3 The 
ontamination of the H ! u�u sample with heavy-�avour quarks from initial-state-radiation gluon splitting is below 2 % for 
-quarks and below 0.3 % for b-quarks.In fa
t, in less than 0.2 % of re
onstru
ted u-jets, an ele
tron from D-meson de
ayis identi�ed at the parti
le level.
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trons 935� semileptoni
 de
ays in the hadroni
 
as
ade;� �0 Dalitz de
ays (�0 ! e+e�
);� 
-
onversions whi
h o

ur in Inner Dete
tor material.While the signal ele
trons have very similar kinemati
 features in thesignal and ba
kground jets (sin
e in both 
ases they originate from the de
aysof heavy quarks), the kinemati
s of the ba
kground ele
trons is very di�erent.TABLE IFra
tion of jets 
ontaining ele
trons of a given origin (only ele
trons with pT �2:0GeV (pT � 1:0 GeV) and within �R � 0:4 from the jet axis are 
onsidered).The numbers are given after applying �lters des
ribed in the previous se
tion andafter full dete
tor simulation.Jet type Fra
tion of jets 
ontaining ele
trons [%℄
 
onversions �0 Dalitz D-hadrons B-hadrons Othersour
esb-jets 7.4 (12.3) 6.2 (7.5) 40.1 (41.2) 50.1 (50.4) 8.6 (9.2)g-jets 6.8 (12.5) 1.0 (1.5) 0.40 (0.57) 0.10 (0.13) 4.4 (7.3)u-jets 6.7 (11.7) 1.0 (1.6) � (�) � (�) 4.5 (5.1)
-jets 6.6 (12.2) 1.0 (1.8) 6.4 (7.4) � (�) 5.2 (5.9)Jet type Fra
tion of jets 
ontaining ele
trons [%℄Irredu
ible from B and D Redu
ibleb-jets 90.2 (91.6) 16.0 (24.3)g-jets 0.5 (0.68) 12.0 (20.2)u-jets � (�) 11.6 (17.4)
-jets 6.4 (7.4) 12.2 (18.6)The presen
e of any true ele
tron in the ba
kground jets makes theirreje
tion di�
ult. The fra
tion of re
onstru
ted jets 
ontaining true ele
-tron tra
ks, kine tra
ks, with pT � 2:0 GeV (pT � 1:0 GeV) and within�R � 0:4 from the jet axis is given in Table I for all jet type studied here.The results in Table I are given after the full dete
tor simulation of theevents4, so they take into a

ount also ele
trons produ
ed in the intera
tionwith the material of the dete
tor. The fra
tion of jets 
ontaining redu
ibleele
tron tra
ks is at the level of 12% for the ba
kground jets and 
harged4 For the signal sample (b-jets), the sum is greater than 100% be
ause, after �ltering,these jets sometimes 
ontain more than one ele
tron.
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zmarska, M. Wolterparti
les transverse momentum threshold pthrT = 2:0GeV and is dominatedby ele
tron tra
ks from 
-
onversions (� 60%). It in
reases almost by 50%if the threshold is lowered to pthrT = 1:0GeV. By lowering the threshold, thefra
tion of b-jets 
ontaining irredu
ible ele
tron tra
ks in
reases by at mostfew per
ent.It is obvious that there is a natural limitation to the reje
tion 
apabilityof jets not originating from b-quarks using ele
trons as tagging parti
les. As
an be 
on
luded from Table I, the best reje
tion fa
tor will be a
hievablefor the u-jets, an intermediate one for the g-jets, and the worst one for the
-jets. Very roughly, if ele
trons from B and D hadrons are treated as ir-redu
ible, for a 50% e�
ien
y of the tagging algorithm, the best reje
tionthat 
an be expe
ted is about 30 against 
-jets, and about 400 against g-jets.However, sin
e not only signal ele
trons but also ba
kground ele
trons andmisidenti�ed hadrons (mostly pions) 
an tag jets as b-jets the above num-bers indi
ate rather the ultimate performan
e a
hievable using soft ele
tronidenti�
ation. However, if the more global features of the tra
ks in the b-jets 
an also be exploited by the b-jet tagging algorithm, the �nal reje
tion
apability 
ould be even higher than the numbers spe
i�ed above.3. Event kinemati
s3.1. JetsIn the previous studies [10℄, jets were 
onsidered as bun
hes of tra
ks
olle
ted in a 
one �R = 0:4 around the initial parton dire
tion. Thedire
tion of the initial parton does not always 
oin
ide however with thebary 
entre of the 
as
ade of stable parti
les originating from this parton.Figure 1 shows the �� and �� distributions between the initial parton andthe axis5 of the 
losest re
onstru
ted jet (top) and between the bary 
entreof the stable parti
les and the axis of the 
losest re
onstru
ted jet (bottom).The re
onstru
ted jet axis reprodu
es the bary 
entre of all the parti
leswith mu
h better resolution and mu
h less tails than the dire
tion (afterFSR) of the initial parton.The pro
edure used for the jet re
onstru
tion with the fast simulationalgorithm [16℄ is as follows:� the transverse energy of the stable parti
les, ex
ept neutrinos andmuons, is deposited in 
alorimeter 
ells of 0:1�0:1 granularity (���);5 The jet axis is de�ned as the bary 
entre of the transverse energy depositions in
alorimeter 
ells, 
al
ulated for 
ells in a 
one �R = 0:4 with respe
t to the 
ell withthe highest transverse energy deposition.
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∆φFig. 1. Distributions of �� (left) and �� (right) between initial parton and theaxis of the 
losest re
onstru
ted jet (top); and between the bary 
entre of the stableparti
les and the axis of the 
losest re
onstru
ted jet (bottom) for WH , H ! b�bevents and for mH = 100 GeV.� all 
alorimeter 
ells with transverse energies greater than 1.5 GeV areused as possible initiators of 
lusters to verify if the total 
luster trans-verse energy in a 
one �R = 0:4 is greater than the threshold value of15 GeV;� the ET-weighted bary 
entre of the 
luster (
entre of gravity of the
luster) is taken as the axis of the jet;� the 
luster is labelled as originating from a b-jet if a b-quark of pbT >5 GeV (after FSR) is found in a 
one �R < 0:2 around the 
lusterdire
tion and j�jetj < 2:5;� for this analysis the labelling for 
; u; g-jets is done in the same way;� energy smearing as expe
ted for the ATLAS 
alorimetry is applied tothe re
onstru
ted 
luster energy.
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zmarska, M. WolterTable II shows the e�
ien
ies for the jet re
onstru
tion, the mean jetstransverse momentum, hpjetT i, and the average 
harged parti
le multipli
itieswithin the jet 
one as a fun
tion of the transverse momentum threshold onthe parti
les and of the jet type. The e�
ien
y for the jet re
onstru
tion isde�ned as the probability that a hard parton from the de
ay of the Higgsboson (b, g, 
, u) with pb;g;
;uT > 15 GeV leads to a re
onstru
ted jet withpjetT > 15 GeV labelled as a b-, g-, 
-, u-jet. As 
an be seen from Table IIthe multipli
ity of 
harged parti
les within the jet 
one varies rapidly as afun
tion of the threshold set on the transverse momentum of the parti
les:de
rease of pthrT from 2 GeV to 1 GeV results in an in
rease in the multi-pli
ity by about 30-40%. The fra
tion of re
onstru
ted jets with no 
hargedtra
ks with pT > 0.5 GeV within the jet 
one is below 1%. The expe
tedaverage 
harged parti
le multipli
ity, hn
hi, is higher for b-jets and g-jets,hn
hi � 6:5, than for 
-jets and u-jets, hn
hi � 5:0 (for pthrT > 1 GeV). Thejet re
onstru
tion e�
ien
y, "jet, varies between 85% for u-jets and 72% forg-jets, an e�e
t whi
h essentially visualises the fra
tion of the jet energy
olle
ted within a 
one of �R = 0:4. TABLE IIAverage values of the jet transverse momentum, hpTi, jet re
onstru
tion e�
ien
ies,"jet, and average values of the multipli
ity of 
harged parti
les in a 
one �R = 0:4around the jet axis, hn
hi, as a fun
tion of the transverse momentum thresholdapplied to the parti
les: (a) pthrT > 0:5 GeV, (b) pthrT > 1 GeV and (
) pthrT >2 GeV. Jet type hpjetT i[GeV ℄ "jet [%℄ hn
hia b 
b-jets 54.6 76 7.5 6.5 4.9g-jets 46.1 72 7.4 6.3 4.4u-jets 51.2 85 5.8 5.1 3.9
-jets 55.0 80 6.4 5.7 4.43.2. Kinemati
s of 
harged parti
lesThe parti
les inside re
onstru
ted jets have rather low transverse mo-menta. Table III shows average values of the transverse momentum dis-tributions for ele
trons and 
harged hadrons in various types of jets forthresholds of pthrT > 1 GeV and dpthrT > 2 GeV. Only parti
les inside a 
one�R = 0:4 around the jet axis are 
onsidered and the numbers are givenfor the generated parti
les, i.e. neither the e�
ien
y for tra
k re
onstru
tionnor ele
trons from 
-
onversions are in
luded. A 
ut j�j < 2:5 was appliedto all jets.
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trons 939TABLE IIIAverage values of the transverse momenta, hpTi, for ele
trons and 
harged hadronswithin the jet 
one for 
harged parti
le thresholds pthrT > 1GeV and pthrT > 2GeV.hpTi (pthrT > 1 GeV) hpTi (pthrT > 2 GeV)Jet type ele
trons hadrons ele
trons hadronsb-jets 9.7 5.1 11.2 6.5g-jets 2.6 4.6 4.0 6.0u-jets 3.4 6.2 5.2 7.8
-jets 7.4 6.0 9.0 7.4The in
lusive bran
hing ratio BRall(b ! e) de�ned as the fra
tion ofre
onstru
ted b-jets with an ele
tron inside a 
one �R = 0:4 around thejet axis. The ex
lusive bran
hing ratio for b ! e de
ay, BRex
lu(b ! e),in
ludes only the dire
t semileptoni
 de
ay of B hadrons (b ! e) and the
as
ade de
ays (b ! 
 ! e) with semileptoni
 de
ays of 
harm hadrons,normalised to the total number of re
onstru
ted b-labelled jets. In both
ases, only b-jets with pb�jetT > 15GeV and ele
trons inside the b-jets withj�elej < 2:5 are 
onsidered.Obviously, these in
lusive and ex
lusive bran
hing ratios depend on the
one around the jet axis in whi
h the ele
trons are 
olle
ted (two 
ones�R = 0:4 and �R = 0:7 have been 
ompared) and on the threshold appliedto the transverse momentum of the ele
tron (peleT > 1 GeV and peleT > 2 GeVhave been 
ompared), as shown in Table IV. Both the in
lusive and ex
lusivebran
hing ratios are higher when a larger 
one is used and the threshold onthe transverse momentum is lower. TABLE IVIn
lusive BRall and ex
lusive BRex
lu bran
hing ratios of b! e (dire
t and 
as
adede
ays) for pthrT > 1 GeV and 2 GeV and for �R = 0.4 and 0.7.pthrT BRall BRex
lu(b! e) BRex
lu(b! e)for �R = 0:4 for �R = 0:4 for �R = 0:7> 1 GeV 16.0% 15.5% 16.4%> 2 GeV 14.5% 13.8% 14.2%
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zmarska, M. WolterTables V, VI and VII show respe
tively the fra
tions of all ele
trons6, ofele
trons from B and D hadron de
ays a nd hadrons inside jets for variouspT bins. Only 11% of ele
trons from B and D and around 20% of 
hargedhadrons have a transverse momentum in the range 1�2 GeV. These fra
tionsare 
al
ulated for two jet 
ones �R = 0:4 and �R = 0:7 a nd the same pTbins will be used used for the optimisation of the dis
riminating fun
tion(see Se
tion 5.2.4 and Se
tion 6.1). TABLE VFra
tion of all ele
trons within a 
one of given �R from re
onstru
ted jet axis forvarious peleT bins. Fra
tion of all ele
trons in spe
i�ed peleT binsin a 
one �R = 0:4 (�R = 0:7) [%℄peleT bin b-jets g-jets 
-jets u-jets1-2 GeV 15.6 (17.6) 51.7 (52.1) 20.8 (22.0) 46.0 (47.5)2-5 GeV 29.2 (30.0) 39.2 (37.4) 29.9 (29.6) 37.1 (36.3)5-8 GeV 14.7 (14.2) 7.6 (7.5) 18.8 (18.4) 10.4 (9.9)>8 GeV 40.5 (38.2) 1.5 (3.0) 30.5 (30.0) 6.5 (6.3)TABLE VIFra
tion of signal ele
trons from (b ! e) within a 
one of given �R from there
onstru
ted jet axis for various peleT bins.Fra
tion of ele
trons from b! e in spe
i�ed peleT binsin a 
one �R = 0:4 (�R = 0:7) [%℄peleT bin b-jets g-jets 
-jets1-2 GeV 11.0 (13.1) 30.8 (28.1) 11.8 (12.3)2-5 GeV 28.2 (29.3) 38.5 (37.5) 28.6 (28.7)5-8 GeV 15.2 (14.8) 30.7 (21.9) 21.8 (21.6)>8 GeV 45.6 (42.8) 0.0 (12.5) 37.8 (37.4)
6 Here all ele
trons denotes ele
trons from de
ays in the hadroni
 
as
ade but not fromphoton 
onversions in the dete
tor material.
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trons 941TABLE VIIFra
tion of 
harged hadrons within a 
one of given �R from the re
onstru
ted jetaxis for various phadT bins.Fra
tion of 
harged hadrons in spe
i�ed phadT binsin 
one �R < 0:4 (�R < 0:7) [%℄phadT bin b-jets g-jets 
-jets u-jets1-2 GeV 26.3 24.1 23.1 28.5(31.0) (30.2) (28.4) (34.4)2-5 GeV 40.5 37.6 37.3 41.6(39.2) (36.4) (36.4) (39.7)5-8 GeV 16.0 15.8 16.7 15.2(14.5) (14.0) (15.1) (13.3)>8 GeV 17.2 22.4 22.9 14.7(15.3) (19.5) (20.1) (12.6)4. Event re
onstru
tionThe basi
 re
onstru
tion of the fully simulated events is done using stan-dard re
onstru
tion tools, i.e. the Atlsim program with the xKalman,xConver and EmRe
o pa
kages. Jets are re
onstru
ted with the fast al-gorithm supplied in the Atlfast pa
kage. Results obtained with this fastalgorithm for jet re
onstru
tion are in good agreement with the jet re
on-stru
tion for the fully simulated events [17℄. Events are re
onstru
ted in thewhole barrel part of the ATLAS dete
tor, but only the information fromtra
ks, e.m. 
lusters et
. whi
h are 
loser than �R = 0:4 from the axis ofthe re
onstru
ted jets is used in the analysis presented here.4.1. Re
onstru
tion in the Inner Dete
torFor xKalman all data 
ards are set to the default values and the in-ternal bremsstrahlung �t is enabled. It is important be
ause the ele
tronsof interest have rather low momenta, so the in
lusion of the 
orre
tions forbremsstrahlung e�e
ts plays a signi�
ant role in the proper 
al
ulation ofthe tra
k parameters.The fra
tion of 
onverted photons and ele
trons from Dalitz de
ays, bothin the signal and in the ba
kground samples, is rather high (see Table I).To reje
t ele
trons 
oming from the above sour
es the xConver pa
kageis used. It is exe
uted in a re
onstru
tion 
hain after xKalman, and toea
h tra
k it assigns a value whi
h quanti�es the probability that the giventra
k 
omes from a 
-
onversion or a Dalitz de
ay. The use of xConveris des
ribed in more detail in Se
tion 5.2.2 and in Appendix B. The tra
k



942 S. Jagielski, A. Ka
zmarska, M. Wolterparameters obtained from the Inner Dete
tor the re
onstru
tion are used toinitiate re
onstru
tion pro
edure in the Ele
tromagneti
 Calorimeter.The 
harged tra
k re
onstru
tion e�
ien
y is about 93% for ele
tronsas well as for hadrons. The average tra
k multipli
ity in b-jets is found tobe � 5 for tra
ks with pT � 2 GeV. The e�
ien
y is in agreement with thexKalman re
onstru
tion e�
ien
y of 96:6%� 0:3% for ele
trons7 and withthe overall Inner Dete
tor e�
ien
y [18℄, sin
e the xKalman e�
ien
y was
al
ulated only for �good quality� tra
ks.4.2. Re
onstru
tion in the EM CalorimeterFor this step, the information stored in the databanks �lled by the Em-Re
o pa
kage is used. Sin
e the EmRe
o pa
kage is not optimised tore
onstru
t 
lusters in the EM 
alorimeter for low energy parti
les, only theinformation 
on
erning the energy deposition inside individual 
ells is usedby the algorithm presented below.The tra
k parameters 
al
ulated in the Inner Dete
tor allow to lo
alisethe point in the vi
inity of whi
h the energy depositions in the EM Calorime-ter should be sear
hed for. The 
oordinates of this point are 
orre
ted takinginto a

ount the displa
ement of the primary vertex from its nominal po-sition. The 
ell with the maximum energy deposition near this point isfound. The 
oordinates of this 
ell de�ne the 
entral point for the 
al
ula-tion of the energy dependent variables. These 
al
ulations are performed ina 3 � 3 window around the point de�ned by the tra
k parameters to avoidmisidenti�
ation of the energy depositions from various tra
ks whi
h belongthe same jet. This pro
edure is repeated separately for ea
h longitudinal
ompartment of the EM Calorimeter. After this step, for ea
h tra
k, threearrays (one per ea
h longitudinal 
ompartment of the EM Calorimeter) are�lled with the information ne
essary for 
al
ulating the energy dependentvariables used by the soft-ele
tron tag algorithm.5. b-jet identi�
ationTo perform the identi�
ation of b-jets, a set of variables is 
onstru
tedwhi
h 
onstitute the b-jet signature. The variables used by the algorithm forb-jet tagging with ele
trons explore the 
hara
teristi
 features of soft ele
trontra
ks as re
onstru
ted by the ATLAS dete
tor. They were 
hosen to bee�
ient to reje
t other tra
ks and also ele
tron tra
ks not originating fromb-de
ays. An additional set of variables 
hara
terises more global featuresof the b-jets themselves and therefore is e�
ient to improve the reje
tion7 Inner Dete
tor TDR, vol. 1 p.152
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trons 943of jets from non-b 
as
ade de
ays (g, 
, u), even if true ele
tron tra
ks arepresent.The identi�
ation variables are 
onstru
ted by using the informationfrom the Inner Dete
tor and from the EM Calorimeter.5.1. Identi�
ation variablesMost of the variables whi
h are de�ned in this se
tion have been alreadyused in the algorithm des
ribed in [10℄, but at least a few of them have beenslightly rede�ned. The 
omplete set of the variables is presented below.Inner Dete
tor information only:� NB � number of hits in the pixel dete
tor B-layer on tra
k (
ould be0 or 1),� NPIX � number of hits in the pixel dete
tor on tra
k,� NSi � number of pre
ision hits on the tra
k (hits in sili
on tra
ker,both in strip and pixel dete
tors),� NRTR � number of high-energy hits (TR hits) in the TRT dete
toron the tra
k,� A0 � impa
t parameter of the tra
k in the transverse plane,� �2CONV � �2 of the 
onversion �t.EM Calorimeter information (based on tra
k impa
t):� E1=E � fra
tion of the energy deposited in the �rst longitudinal 
om-partment of the EM Calorimeter,� E3=E � fra
tion of the energy deposited in the third longitudinal
ompartment of the EM Calorimeter,� ISO � shower isolation in the EM Calorimeter,� W � width of the shower measured in units of distan
e between thestrips,� AS � asymmetry of the shower measured in units of distan
e betweenthe strips.Combined information from the Inner Dete
tor and the EM Calorimeter:
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zmarska, M. Wolter� ET=pT � ratio of the transverse energy deposited in the EM Calorime-ter (for a 3�3 
ell window) to the transverse momentum re
onstru
tedin the Inner Dete
tor,� POS � di�eren
e between the tra
k and shower positions measuredin units of distan
e between the strips,� PTJ � transverse momentum of the tra
k determined relative to thejet axis.Variables 
onstru
ted from the Inner Dete
tor information are providedby the xKalman and xConver pa
kages as des
ribed in Appendix C. Forthe EM Calorimeter, the exa
t algorithm for extra
ting these variables isalso des
ribed in Appendix C.5.2. Ele
tron identi�
ation pro
edureTo e�
iently identify re
onstru
ted tra
ks as signal ele
trons and toreje
t other tra
ks, the set of variables des
ribed above is used. For someof them simple thresholds are applied and the others are used to determinethe weight given to every tra
k.5.2.1. Identi�
ation of ele
tronsMost of the tra
ks re
onstru
ted inside jets are not ele
trons, thereforethe aim of the tagging algorithm is to reje
t these tra
ks and to sele
t theele
tron tra
k 
andidates with high e�
ien
y. A subset of variables from theset des
ribed above was found to be the most e�
ient for su
h an algorithm:NRTR, E=pT, E3=E, E1=E, ISO, W, AS, POS.The 
hoi
e of these variables is di
tated by the nature of ele
tromagneti
intera
tions of parti
les with matter, as des
ribed e.g. in [19℄. Two mainphenomena are explored: the transition radiation e�e
t, and the shape ofthe shower energy deposition in the ele
tromagneti
 
alorimeter.The transition radiation e�e
t is used �rst to sele
t ele
tron tra
ks, whi
hdue to their high velo
ity are emitting X-ray photons while passing throughthe TRT dete
tor. These photons are dete
ted in the straw tubes as high-amplitude signals 
alled �high energy hits�. On average, for 2 GeV ele
tronswith j�j < 0:8, 6.6 high energy hits are expe
ted 
ompared to 1.5 hits ex-pe
ted for pions of the same energy 8.The development of the shower in the ele
tromagneti
 
alorimeter isdi�erent for ele
trons (ele
tromagneti
 
as
ades) and for hadrons (hadroni

as
ades). For ele
tromagneti
 
as
ades, most of the energy is deposited in8 Inner Dete
tor TDR, vol. 1, p.118
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trons 945the �rst longitudinal sampling and only a small fra
tion in the third one9.The EM shower in the 
alorimeter is also expe
ted to be isolated, that isthe energy leaking outside the 3� 3 tower 
luster is expe
ted to be small10.For ea
h of the variables listed above, probability density fun
tion that agiven tra
k is produ
ed by an ele
tron from b-de
ay or by any other parti
lein non-b 
as
ades is derived from the analysed samples. Figure 2 showsthe normalised distributions of these variables for ele
tron tra
ks in b-jets
oming from B and D de
ays, and for non-ele
tron tra
ks (mostly pions)in non-b jets. Only these two extreme 
ases are shown, sin
e the �rst one
orresponds to more than 90% of true ele
tron tra
ks in b-jets and the se
ondone to 95 % of all tra
ks in u-, 
- or g-jets. However most of the variablesshown are 
orrelated and the reje
tion power of the whole set is not theprodu
t of the reje
tion 
apabilities of the single variables.5.2.2. Suppression of 
-
onversions and Dalitz de
aysA signi�
ant sour
e of low pT ele
tron and positron tra
ks in jets arephoton 
onversions and Dalitz de
ays of neutral pions �o ! e+e�
 (seeAppendi
es A.2 and A.1). Su
h tra
ks might be identi�ed by the b-taggingalgorithm as signal ele
tron tra
ks. To suppress this type of ba
kground,the following four dis
riminating variables are used by the algorithm: NSi,NB, NPIX, and �2
onv.The �rst three des
ribe simple features of the re
onstru
ted tra
k. Theprobability density fun
tions for these variables are shown in �gure 3 forsignal ele
trons in b-jets and for ba
kground ele
trons from photon 
onver-sions and Dalitz de
ays. The signal ele
trons originate from a region 
loseto the pp intera
tion vertex, therefore they are expe
ted to pass through alllayers of the sili
on tra
ker. However, 
-
onversions 
an o

ur at any radius.That is why it is required that the signal tra
k 
andidate have hits in allthree pixel layers. This also implies, that there should also be a hit in the�rst pixel dete
tor layer, the B-layer. Finally, the tra
k should have at least10 hits in the semi
ondu
tor tra
ker. All the above dis
rete 
riteria in fa
tare used as good-quality tra
k re
onstru
tion requirements by most of thestandard analyses performed in ATLAS [20℄.In the 
ase of 
-
onversions and Dalitz de
ays e+e� pairs with smallinvariant mass are observed in the dete
tor. A 
ommon analysis tool, thexConver pa
kage [21℄, is used to identify ele
trons from the above sour
es.The algorithm sear
hes for pairs of oppositely 
harged parti
les and performsthe �2 �t assuming a 
ommon vertex and a zero opening angle between thetra
ks (see Appendix B). If, for the ele
tron tra
k 
andidate, xConver �nds9 Calorimeter TDR, p.14010 TDR Calorimeter p.137
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NRTRFig. 2. Probability density fun
tions of the variables used to identify signal ele
trontra
k for signal ele
tron tra
ks in b-jets (open histogram) and for non-ele
tron tra
ksin non-b jets (shaded histogram).a partner with �2
onv below a given threshold the tra
k is reje
ted. In �gure 3the �2
onv distributions for signal ele
trons from B andD mesons in b-jets andba
kground ele
trons from Dalitz de
ays and 
-
onversions are 
ompared. Astrong peak near �2
onv � 0 
an be seen for the ba
kground distribution andindi
ates that e+e� pairs with small invariant mass exist in this sample andare 
orre
tly re
onstru
ted. For the signal ele
tron tra
ks, sin
e no mat
hingwith any oppositely 
harged tra
k is expe
ted this distribution is �at. Alltra
ks with �2
onv < 200 are reje
ted by the tagging algorithm.
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χ2CONVFig. 3. probability density fun
tions for the variables used to reje
t ele
trons fromDalitz de
ays and from 
-
onversions, for signal ele
trons in b-jets (open histogram)and for ba
kground ele
trons from Dalitz de
ays and 
-
onversions in non-b jets(shaded histogram).As dis
ussed in [21℄, the above method allows to re
onstru
t 75% ofphotons having a transverse momentum around 50 GeV and 
onverting at aradius below 10 
m. However, photons and neutral pions in b-jets have typ-i
ally mu
h lower momenta, on average 2:6 GeV for photons and 3:8 GeVfor �o's (for a threshold pT > 0:5 GeV). As des
ribed in Appendi
es A.2and A.1, in general, the photon momentum is not equally divided betweenthe ele
tron and the positron. and one of them takes most of the availablemomentum. The lower energeti
 partner may have a transverse momentumbelow 0:5 GeV and therefore will not be re
onstru
ted by the xKalmantra
k re
onstru
tion pa
kage. Due to the high tra
k density in the jet alsohits wrongly asso
iated to the tra
ks de
rease the e�
ien
y of the 
onversion�nding algorithm. These two e�e
ts lead to a lower e�
ien
y for identify-ing 
-
onversions and Dalitz de
ays by the xConver pa
kage than thatexpe
ted from the sample of photons with pT = 50 GeV.For the analysed sample of ele
trons from photon 
onversions and Dalitzde
ays inside b-jets, the identi�
ation e�
ien
y for the e+(e�) using the �2
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zmarska, M. Woltervariable is around 50% if no other sele
tion 
riterion ex
ept requiring hits inall three pixel layers is applied. The obtained e�
ien
y is shown in �gure 4as a fun
tion of the transverse momentum of the ele
tron (positron) tra
k
andidate. The e�
ien
y is �at over the relevant transverse momentumspe
trum.
A0  0.5039

electron Pt (GeV/c)
0

0.5

1

1.5

2 4 6 8 10Fig. 4. E�
ien
y for identifying e+(e�) originating from photon 
onversions orDalitz de
ays as a fun
tion of the e+(e�) transverse momentum. The positron(ele
tron) 
andidate is requested to have three hits in the pixel layers. The resultsshown for tra
ks re
onstru
ted in b-jets.It should be mentioned that �2
onv is to some extent 
orrelated with othervariables used in the analysis. Therefore, a 50% redu
tion of ba
kgroundele
trons originating from photon 
onversions and Dalitz de
ays, obtainedwithout applying any initial sele
tion 
uts, does not ne
essarily imply an ad-ditional 50% redu
tion in the sample remaining after applying the sele
tion
riteria des
ribed in Se
tion 5.2.1.5.2.3. Charged tra
ks inside b-jetsIn the two previous Se
tions, variables e�
ient for reje
ting non-ele
trontra
ks or ele
tron tra
ks from 
-
onversions and Dalitz de
ays have beende�ned. In this Se
tion two additional variables whi
h 
hara
terise some ofthe global features of any tra
k 
oming from the b-jet are dis
ussed. Sin
ea b-jet is in fa
t re
onstru
ted from the hadroni
 
as
ade initiated by theheavy (�5GeV) and long-lifetime B-hadron, one expe
ts that many of its
harged tra
ks will have signi�
ant impa
t parameter A0 (long lifetime) andalso large pT in respe
t to the jet axis PTJ (de
ay of a heavy obje
t).
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trons 949The A0 and PTJ distributions are shown in �gure 5 for signal ele
trontra
ks from B and D mesons in b-jets, and for other 
harged tra
ks in non-bjets. Similarly to the variables des
ribed in Se
tion 5.2.1, for ea
h value ofA0 and PTJ, probability density fun
tions that the given tra
k is produ
edby a signal ele
tron in b-jet, or by a hadron in a non-b jet, are derived fromthe analysed sample.
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PTJ (GeV)Fig. 5. Probability density fun
tions for the variables A0 and PTJ used to identifytra
ks in b-jets for signal ele
tron tra
ks in b-jets (opened histogram) and for alltra
ks in non-b jets (shaded histogram).The reje
tion power of the A0 variable is mu
h higher than that of PTJ(noti
e the logarithmi
 s
ale for A0). The average value of A0 for tra
ksinside b-jet is expe
ted to be � 468�m [22℄, so the ATLAS transverse impa
tparameter resolution of 12 �m for pT = 200GeV and 60�m for pT = 1GeV11obviously provides a large reje
tion of tra
ks not originating from b-jets.One should be aware however that the A0 variable is strongly 
orrelatedwith other ones used by the vertexing algorithm [8℄.5.2.4. Dis
riminating fun
tionThe dis
riminating fun
tion Dtra
k is de�ned for ea
h tra
k as:Dtra
k = log Qi Pe(xi)Qi Ph(xi) ;where xi denotes the value of the i-th variable for the given tra
k, Pe(xi)is the probability that the tra
k originates from a signal ele
tron, Ph(xi)is the probability that the tra
k originates from non-signal hadron and iruns through all the variables used by the algorithm as des
ribed in Se
tions11 Inner Dete
tor TDR, vol. 1, p.112
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zmarska, M. Wolter5.2.1 and 5.2.3. For 
ontinuous variables (E1=E, E3=E, ISO, W, AS, POS,ET=pT, PTJ and A0), the probability density fun
tions are smoothed usingPAW smoothing pro
edure [23℄. The only ex
eption is NRTR for whi
h alook-up table is prepared instead. For some of the variables (NB , NPIX, NSiand �2CONV), thresholds are de�ned and if they are not satis�ed, a dis
retevalue of the dis
riminating fun
tion Dtra
k, Dtra
k = �40, is assigned to thetra
k. If the value of Dtra
k is not well de�ned12 then it is set to -40 too.Tra
k with a low value of Dtra
k is always reje
ted by the 
ut on the Dtra
kvalue.A higher reje
tion power 
an be a
hieved by the algorithm if, for tra
kswith transverse momentum below 5 GeV, the value of Dtra
k is res
aled asfollows: Dtra
k ! Dtra
k + 1:5� pT � 7:5 ;where pT is the transverse momentum of the re
onstru
ted tra
k given inGeV. Even if there is no physi
al explanation for this res
aling, it is e�e
tivein reje
ting the low-pT ba
kground ele
tron tra
ks from Dalitz de
ays and
-
onversions.The probability distributions of some of the identifying variables (for ex-ample NRTR) show a signi�
ant dependen
e on the transverse momentumof the tra
k. The algorithm used by the b-tagging pro
edure therefore 
al-
ulates the probability density distributions and the look-up-tables for threepT bins, a pro
edure whi
h signi�
antly improves the dis
rimination powerfor low-pT tra
ks.5.2.5. Identi�
ation e�
ien
y for ele
tron tra
ksFigure 6 shows the distribution of the dis
riminating fun
tion Dtra
k forvarious types of tra
ks. By applying a 
ut to the value of Dtra
k, a goodseparation between signal ele
tron tra
ks from b-jets and other tra
ks 
anbe a
hieved.Figure 6(a) shows the Dtra
k distribution for the signal ele
tron tra
ksin b-jets. The distribution is peaked around Dtra
k = 10 and extends below�10 only for 8:6% of the analysed tra
ks. The singular bin at Dtra
k = �40
orresponds to signal ele
tron tra
ks for whi
h one of the dis
rete variablesdid not satisfy the threshold. Figure 6b shows the same distribution (openhistogram) overlayed with the distribution for all tra
ks in non-b jets (shadedhistogram). The distribution of the ba
kground tra
ks is shifted towardslower values with a peak position around Dtra
k = �10. Again, the sin-gular bin at Dtra
k = �40 
orresponds to tra
ks for whi
h at least one ofthe dis
rete variables did not satisfy the threshold. The separate 
ases of12 The logarithm of an argument 
lose to zero has a singular behaviour.
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DtrackFig. 6. Probability density distributions of the dis
riminating fun
tion Dtra
k for:(a) signal ele
tron tra
ks in b-jets from B and D hadrons, (b) signal ele
tron tra
ksin b-jets from B and D hadrons (open histogram) and all tra
ks in non-b jets(shaded histogram), (
) signal ele
tron tra
ks in b-jets from B and D hadrons (openhistogram) and ba
kground ele
tron tra
ks from 
-
onversions or Dalitz de
ays innon-b jets (shaded histogram), (d) signal ele
tron tra
ks in b-jets from B and Dhadrons (open histogram) and pion tra
ks from non-b jets (shaded histogram). Thedistributions are plotted only for tra
ks with a re
onstru
ted transverse momentumpT � 2 GeV.ba
kground ele
tron tra
ks and 
harged pion tra
ks from the non-b jets areshown respe
tively in �gures 6(
) and 6(d).The identi�
ation of a 
andidate tra
k as originating from a signal ele
-tron tra
k is based on the value of Dtra
k assigned to the given tra
k. Thosetra
ks for whi
h Dtra
k is below a given threshold (typi
ally Dthrtra
k = 5 to 7)are reje
ted. The identi�
ation e�
ien
y versus the reje
tion power of thealgorithm is obtained by varying the value of Dthrtra
k.To quantify the performan
e of the identi�
ation pro
edure the followinge�
ien
y and reje
tion fa
tors are de�ned:� ele
tron identi�
ation e�
ien
y:"e = N teNe ;where N te is the number of re
onstru
ted signal ele
tron tra
ks in theH ! b�b sample (i.e. ele
trons from B or D hadrons) identi�ed as a
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zmarska, M. Woltersignal ele
tron tra
k, i.e. for whi
h Dtra
k > Dthrtra
k, and Ne is thenumber of re
onstru
ted signal ele
tron tra
ks from that sample,� 
harged pion reje
tion: R� = N�N t� ;where N� is the number of re
onstru
ted 
harged pion tra
ks, and N t�is the number of re
onstru
ted pion tra
ks misidenti�ed as a signalele
tron tra
k, i.e. for whi
h Dtra
k > Dthrtra
k,� 
onversion reje
tion: R
onv = N
onvN t
onv ;where N
onv is the number of re
onstru
ted tra
ks 
oming from
-
onversions and Dalitz de
ays, N t
onv is the number of re
onstru
tedtra
ks 
oming from 
-
onversions and Dalitz de
ays misidenti�ed as asignal ele
tron tra
k, i.e. for whi
h Dtra
k > Dthrtra
k.The use of the impa
t parameter Ao in the dis
riminating fun
tion is apotential sour
e of 
orrelation of the soft-ele
tron and vertexing b-taggingmethods. Figure 7 shows the expe
ted reje
tions R� and R
onv as a fun
tionof the signal ele
tron identi�
ation e�
ien
y without (top) and with (bot-tom) the A0 variable in
luded in the dis
riminating fun
tion. As expe
ted,the worst reje
tion fa
tors are obtained for tra
ks inside b-jets, both for pi-ons and also for ele
trons from 
-
onversions and Dalitz de
ays. While thereje
tion fa
tors R� and R
onv as a fun
tion of the identi�
ation e�
ien
yremain almost the same for b-jets when in
luding the Ao variable in the algo-rithm they in
rease signi�
antly in the 
ase of the ba
kground jets. This 
anbe explained by the fa
t that the A0 variable has no dis
riminating power inthe 
ase of b-jets where tra
ks originate in fa
t from B or D hadron de
ays.5.3. Jet tagging pro
edureThe jet tagging pro
edure is based on the ele
tron tra
k identi�
ationpro
edure des
ribed above. The algorithm is 
onstru
ted as follows:� for ea
h tra
k in the jet, the value of the dis
riminating fun
tion Dtra
kis 
al
ulated;� for ea
h jet, the tra
k with the highest value of Dtra
k is 
hosen andits value of the dis
riminating fun
tion is assigned as the value of thedis
riminating fun
tion for the jet, Djet = max(Dtra
k);� for a given threshold Dthrjet a jet with Djet � Dthrjet is tagged as a b-jet.
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Fig. 7. Reje
tion fa
tors R� (left) and R
onv (right) for tra
ks in various jet typesas a fun
tion of the e�
ien
y for identifying signal ele
tron tra
ks from B and Dhadrons in b-jets. Only tra
ks with a re
onstru
ted transverse momentum pT �2 GeV are 
onsidered. The labels �e in b-jets�, �e in g-jets� et
. denote ele
trontra
ks from 
-
onversions or Dalitz de
ays in b-, g-, u- or 
-jets. The two upperplots show the reje
tions without using the impa
t parameter A0 and the bottomones after in
luding A0 in the set of sele
tion variables. The error bars denote onlythe statisti
al un
ertainties.Figure 8 shows the distributions of Djet for signal jets, i.e. b-jets, and forba
kground jets: g-, u- and 
- jets. The Djet distribution for b-jets is shiftedwith respe
t to the distributions for g-, u-, and 
-jets, peaking at valuesDpeakjet � 10 (for b-jets) and Dpeakjet � �10 (for other jets). A fra
tion of jetsfor ea
h jet-type have a dis
rete value, Djet = �40, whi
h 
orresponds tojets for whi
h none of the tra
ks passed all the dis
rete sele
tion 
riteria.The �exibility of the pro
edure allows to vary 
ontinuously the requiredb-tagging e�
ien
y as a fun
tion of the reje
tion of other jets by 
hangingthe value Dthrjet . In addition, it is possible to 
ombine the dis
riminating fun
-tion Djet with the 
orresponding dis
riminating fun
tion 
onstru
ted for thevertexing b-tagging algorithm. This would allow to obtain a 
ombined dis-
riminating fun
tion for the overall b-tagging algorithm, in
luding vertexingand soft lepton information.
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DjetFig. 8. Probability density distributions of the dis
riminating fun
tion Djet forvarious types of jets: (a) b-jets, (b) b-jets (open histogram) and gluon jets (shaded),(
) b-jets (open histogram) and u-jets (shaded histogram), (d) b-jets (white) and
-jets (grey). Only tra
ks with a re
onstru
ted transverse momentum pT � 2 GeVare used for the b-tagging algorithm.6. ResultsIn this Se
tion, the reje
tion power against non-b jets obtained by the al-gorithm des
ribed above is dis
ussed as a fun
tion of the b-tagging e�
ien
y.The referen
e algorithm is 
ompared to modi�ed algorithms, without the 
-
onversion �nding, without the use of the Ao and PTJ variables, and with alower threshold applied to the ele
tron pT.The following notation is used:� e�
ien
y of b-tagging algorithm:"algb = N tbNb ;where N tb is the number of re
onstru
ted b-jets in the H ! b�b sample,whi
h has been �ltered to 
ontain at least one ele
tron per b-jet asdes
ribed in Se
tion 2.1, tagged as b-jets, and Nb is the number ofre
onstru
ted b-jets in the sample,
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trons 955� soft ele
tron b-tagging e�
ien
y:"softb = N softbNb ;where N softb is the number of re
onstru
ted b-jets tagged by the soft-ele
tron b-tagging pro
edure, and Nb is the number of re
onstru
tedb-jets in a sample of H ! b�b de
ays not �ltered to 
ontain ele
trons,� jet reje
tion fa
tor: Rjet = NjN tj ;where j is a given jet type (g,u,
), Nj is the number of re
onstru
tedjets of j type in the H ! j�j sample, and N tj is the number of re
on-stru
ted j type jets in this sample tagged as b-jets.The soft-ele
tron b-tagging e�
ien
y, "softb , is obtained by multiplyingthe e�
ien
y of the b-tagging algorithm "algb by the in
lusive bran
hing ratioBRall for all ele
trons inside b-labelled jets, 
al
ulated for the 
hosen thresh-old of the ele
tron pT (e.g. BRall = 14:5% for pthrT > 2 GeV, as shown inTable IV). 6.1. Standard algorithmThe results for the standard algorithm are obtained with the followingassumptions:� the dete
tor is assumed to work with the nominal performan
e (inparti
ular for all layers of the pixel dete
tor);� the pro
edure for identifying 
-
onversions and Dalitz de
ays is appliedwith the following thresholds on the identifying variables required forthe signal ele
tron tra
ks:� number of hits in the sili
on tra
ker NSi � 9;� number of hits in the pixel dete
tor NPIX � 2;� a hit in the pixel dete
tor B-layer is required, hen
e NB = 1;� �2 of the 
onversion �t �2
onv = 0 or �2
onv � 200;� the variables identifying b-jet tra
ks, A0 and PTJ, are used;� only tra
ks with transverse momentum pT � 2 GeV are 
onsidered;
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zmarska, M. Wolter� the probability density distribution fun
tions and look-up-tables are
al
ulated separately for three pT bins: 2 � pT � 5; 5 < pT � 8, andpT > 8GeV;� all re
onstru
ted 
harged tra
ks are 
onsidered by the tagging algo-rithm, so any type of parti
le (e.g. ��, 
 ! e+e�) 
an tag a jet as ab-jet.Table VIII summarises the variables used by the algorithm and spe
i�eswhether their 
ontribution to the dis
riminating fun
tion D is 
al
ulatedfrom a probability density fun
tion or is de�ned by a dis
rete threshold13.Figure 9 shows the jet reje
tion fa
tors for various types of jet as a fun
tion ofthe e�
ien
y of the b-tagging algorithm. As expe
ted, the highest reje
tionis obtained for u-jets, an intermediate one for gluon jets, and the lowest onefor 
-jets. TABLE VIIIVariables used by the standard algorithm. In the 
ase of variables not satisfyinga 
ertain dis
rete threshold the value of the dis
riminating fun
tion D is set toD = �40. Variable Dis
riminating featureInner Dete
torNB threshold NB = 1NPIX threshold NPIX � 2NSi threshold NSi � 9NRTR 
ontinuous probability densityA0 
ontinuous probability density�2
onv �2
onv = 0 (no 
onversion partner found)or threshold �2
onv � 200EM CalorimeterE1=E 
ontinuous probability densityE3=E 
ontinuous probability densityISO 
ontinuous probability densityW 
ontinuous probability densityAS 
ontinuous probability densityPOS 
ontinuous probability densityCombined ID+EM Cal.E=pT 
ontinuous probability densityPTJ 
ontinuous probability density13 As 
an be seen from Table VIII the 
uts used for the pre
ision tra
ker variables arethe same as used by the b-tagging vertexing algorithm.
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Fig. 9. Jet reje
tion fa
tor Rjet as a fun
tion of the e�
ien
y of the b-taggingalgorithm, "algb , for various jet types.To 
ompare these results with the ones whi
h will be given for the mod-i�ed algorithms, a nominal working point 
orresponding to a 50% e�
ien
yof the b-tagging algorithm was 
hosen. For "algb = 50 � 1%, the nominalreje
tion fa
tors against non b-jets are: Rg = 192� 27, Ru = 554� 113 andR
 = 47 � 4. The quoted errors are purely statisti
al. These results are ingeneral agreement with the 
on
lusions given in se
tion 2.2. The somewhathigher reje
tion obtained here, as 
ompared to the limit given there, 
anbe explained by the additional reje
tion power of the dis
rimination 
riteriawhi
h explore the properties of the b-jets themselves (A0 and PTJ).Table IX shows the fra
tion of jets tagged by a given type of tra
k for"algb = 50 %. Most of the jets are tagged by true ele
tron tra
ks, indepen-dently of the jet type. It indi
ates that the ele
tron identi�
ation pro
edureworks with a high e�
ien
y and good purity. Most of the ele
tron tra
kswhi
h tag the jets, ex
ept for u-jets, are signal ele
tron tra
ks (from B- orD-hadron de
ays). For the b-jet sample, these tra
ks tag almost 96% of alltagged jets. If one takes into a

ount that, in the original signal sample, theper
entage of jets 
ontaining su
h ele
trons is � 90% (see Table I), the 
on-
lusion is that, after the tagging pro
edure, the b-tagged sample is enri
hedwith this type of ele
trons. This e�e
t is even stronger for the g- and 
-jets,where the ele
trons from B and D hadrons 
onstitute 4% (g-jets) and 35%(
-jets) of the jets 
ontaining an ele
tron, but where these fra
tions in
reaserespe
tively to 52% and � 90% for the b-tagged jets of these types. Thesample of u-jets does not 
ontain ele
trons from B and D, but these jets
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zmarska, M. Wolterare also sometimes tagged, mainly (� 83%) by true ele
tron tra
ks from
-
onversions and Dalitz de
ays or from other sour
es. An improvement ofthe reje
tion power against g- and u-jets is still possible. It would requirefurther improvement of the 
-
onversion and Dalitz de
ay �nding pro
edureand also an improvement of the pion tra
k reje
tion. For the 
-jets, a betterreje
tion would be hard to a
hieve. TABLE IXFra
tions of jets (in %) tagged by a given type of tra
k for "algb = 50%. Only tra
kswith pT � 2 GeV are used. The label �e from 
 � denotes ele
tron tra
ks from
-
onversions and Dalitz de
ays.Fra
tion of jets tagged by a given type of tra
k [%℄Jet type all e e from B e from D e from 
 other e � othersb 99.8 64.0 31.8 0.07 3.93 0.14 0.06g 96.0 14.0 38.0 28.0 16.0 4.0 0.0u 83.3 0 0 33.3 50.0 13.7 0.0
 95.6 0 90.1 1.2 4.3 3.7 0.7Table X gives the e�
ien
ies of the b-tagging algorithm "algb and "softb ver-sus the jet reje
tions Rg, Ru, R
 for a few values of Dthrjet and for the taggingalgorithm applied to tra
ks with pT � 2 GeV. The in
lusive bran
hing ratiovalue BRall = 14:5% from Table IV is used to re
al
ulate "softb from "algb 14.6.2. Algorithm without 
-
onversions and Dalitz de
ays �ndingAs already explained above ele
trons from 
-
onversions and Dalitz de-
ays 
an degrade the reje
tion power of the pro
edure for soft-ele
tron tag-ging. As shown in Table I, for g�, u� and 
-jets su
h ele
tron tra
ks arepresent in about 8% of all jets, if only tra
ks with pT � 2 GeV are takeninto a

ount. To evaluate the improvement of the reje
tion power due tothe 
-
onversion and Dalitz de
ay �nding pro
edure, the results with andwithout this pro
edure are 
ompared.Figure 10 shows a 
omparison of the jet reje
tion fa
tors obtained for thestandard algorithm and for the same algorithm without using the
-
onversion and Dalitz de
ay �nding pro
edure variables de�ned in Se
-tion 5.2.2. The reje
tion fa
tors are plotted as a fun
tion of the e�
ien
y of14 This in
lusive bran
hing ratio does not in
lude ele
trons from 
-
onversions andDalitz de
ays as it is 
al
ulated at parti
le level. However, sin
e su
h ele
trons tagless than 0:1% of all b-tagged jets fromH ! b�b events (see Table IX), it is nevertheless
orre
t to use BRall to re
al
ulate "softb from "algb .
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trons 959TABLE XE�
ien
ies of the b-tagging algorithm, "algb , of the overall soft-ele
tron tagging,"softb , and jet reje
tion fa
tors Rg , Ru, R
 for a few values of Dthrjet (only tra
ks withpT � 2 GeV are used to tag jets and "softb = "algb �BRall)."algb [%℄ 35� 1 50� 1 65� 1 80� 0:7"softb [%℄ 5:1� 0:1 7:2� 0:1 9:1� 0:1 11:6� 0:1Rg 456� 100 192� 27 110� 12 19� 1Ru 1478� 492 554� 113 205� 25 29� 1R
 87� 9 47� 4 26� 1 9:1� 0:3Dthrjet 8.65 6.88 4.88 1.1the b-tagging algorithm "algb . For all types of jets, the (Rg, Ru, R
) 
urvesshow similar behaviour. For a very high e�
ien
y of the b-tagging algo-rithm ( "algb > 75% ), the reje
tions are slightly higher without applying the
onversion �nding pro
edure, while they are lower for lower e�
ien
y.

Fig. 10. Reje
tion fa
tors against g-jets (Rg), u-jets (Ru) and 
-jets (R
) as afun
tion of the e�
ien
y of the b-tagging algorithm, "algb . The results are shown forthe standard algorithm des
ribed in the previous Se
tion (stand) and for the samealgorithm without the use of the 
-
onversion and Dalitz de
ay �nding pro
edure(no-
onv).
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zmarska, M. WolterThis behaviour 
an be explained by the fa
t that, when using the stan-dard algorithm, additional few per
ent of the b-jets are tagged by tra
ks oth-erwise identi�ed as ba
kground ele
tron tra
ks from 
-
onversions or Dalitzde
ays, and hen
e reje
ted by the Dthrjet requirement (see �gure 8). Thesejets are therefore b-tagged if the 
onversion �nding pro
edure is not applied.In that 
ase, other tra
ks (e.g. pion tra
ks) in the ba
kground jets still havea low value of the Dtra
k dis
rimination fun
tion, and are therefore reje
ted.A most signi�
ant improvement when using the standard algorithm,whi
h in
ludes the 
onversion �nding, is observed for all three types of ba
k-ground jets, but with a di�erent magnitude for ea
h jet type. The biggestimprovement is observed for the u-jets, an intermediate one for the g- jets,and only a small improvement 
an be seen in the 
ase of 
-jets. These re-sults 
an be explained by two e�e
ts: �rst of all, the fra
tion of jets withele
trons from 
-
onversions and Dalitz de
ays with respe
t to jets with anyele
tron is the highest for the u-jets, se
ondly the fra
tion of jets with asignal ele
tron is the highest one for the 
-jets (see Table IX).Sin
e the aim of the algorithm is to give the highest possible reje
tionpower, the standard algorithm is more e�
ient in this respe
t. For "algb =50% the pro
edure without 
-
onversion and Dalitz de
ay �nding yields thereje
tion fa
tors: Rg = 83 � 8, R
 = 38 � 3 and Ru = 96 � 8, while thestandard pro
edure (nominal results) gives Rg = 192� 27, R
 = 47� 4 andRu = 554 � 113. In both 
ases, the errors are purely statisti
al.6.3. Algorithm without the A0 and PTJ variablesThe standard algorithm does not use only variables whi
h identify signalele
tron tra
ks, but also explores features whi
h 
hara
terise most of thetra
ks inside b-jets. These are quanti�ed by the two identifying variables:A0, the transverse impa
t parameter of the tra
k, and PTJ, the transversemomentum of the tra
k determined with respe
t to the jet axis. Figure 11shows the jet reje
tion fa
tors for the standard algorithm, for the algorithmwithout the use of the A0 variable and for the algorithm without use ofthe A0 nor PTJ variables. The reje
tion fa
tors are plotted as a fun
tionof the e�
ien
y of the b-tagging algorithm. For all jet types, the resultsobtained with the standard algorithm are better (higher reje
tion), and thebiggest improvement, as expe
ted, is observed for the u-jets, the smallestfor the 
-jets. Comparing the results for "algb = 50%, one �nds that thedes
ribed algorithm (without the use of the A0 nor PTJ variables) givesRg = 126 � 14, R
 = 33 � 2 and Ru = 229 � 30 while the nominal resultsare Rg = 192 � 27, R
 = 47 � 4 and Ru = 554 � 113. In both 
ases theerrors are purely statisti
al. At 50% e�
ien
y, the use of the PTJ variable(but not A0) improves the reje
tion only up to Rg = 145 � 18, R
 = 37� 2and Ru = 283 � 41 .
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Fig. 11. Reje
tion fa
tors against g-jets (Rg), u-jets (Ru), and 
-jets (R
) as afun
tion of the e�
ien
y of the b-tagging algorithm, "algb . The results are shownfor the standard algorithm (stand), for the algorithm without the use of the A0variable (no-A0), and for the algorithm without the use of the A0 nor PTJ variables(no-A0 and no-PTJ).The systemati
 improvement observed for the reje
tion fa
tors Rg, Ru,R
 by in
luding the A0 and PTJ variables in the algorithm 
an be easilyexplained. A signi�
ant fra
tion of both g-jets (52.0%) and 
-jets (90.1%)is tagged by the signal ele
tron tra
ks from B- or D-hadron de
ays. Onlythe remaining fra
tion 
an be reje
ted using A0 and PTJ. For the u-jets,however, whi
h are mostly tagged by ba
kground ele
tron tra
ks or by othertra
ks, one does not expe
t these tra
ks to have signi�
ant impa
t parameteror transverse intrinsi
 momentum. The A0 and PTJ variables improve thereje
tion signi�
antly in this 
ase.The impa
t parameter A0 is used as well by the vertexing b-taggingalgorithm [8℄. This fa
t introdu
es a potential strong 
orrelation between thetwo methods unless A0 is dropped from the soft-ele
tron tagging algorithm.A 
areful evaluation of this 
orrelation is ne
essary before 
ombining resultsfrom both methods to obtain the overall b-tagging performan
e.
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t of pthrTAs already dis
ussed in Se
tion 3.2, the in
lusive bran
hing ratio BRallof the pro
ess b! e depends on the threshold on the transverse momentumof the tagging tra
k, pthrT . The value of BRall is higher when this thresholdis lower and therefore for the same value of the e�
ien
y of the b-taggingalgorithm "algb , the soft-ele
tron tagging e�
ien
y, "softb , is higher.However, with de
reasing pthrT , the jet reje
tion de
reases for a �xedvalue of "algb . The �rst reason for this e�e
t is that the average 
hargedtra
k multipli
ity rises as pthrT de
reases (see Table II). Assuming that thereje
tion power, Rp, against the ba
kground tra
ks is 
onstant as a fun
tionof pT, the jet reje
tion fa
tor Rjet 
an be 
al
ulated as:R�1jet = 1� (1�R�1p )m ;where m is the average 
harged tra
k multipli
ity of the jet. Therefore, tokeep the value of Rjet at the same level as in the standard algorithm forlarger values of m, Rp should in
rease as well.The se
ond reason is that not only the 
harged tra
k multipli
ity is higherfor a lower value of pthrT , but also the fra
tion of ba
kground jets with trueele
tron tra
ks inside the jets is signi�
antly higher. These two observationsindi
ate that for the same value of the e�
ien
y of the b-tagging algorithm,"algb , the reje
tion 
apability would probably de
rease if one de
reases pthrTfrom 2 GeV to 1 GeV.Table XI shows the results obtained with the standard algorithm for twovalues of pthrT : 1 GeV and 2 GeV. Taking into a

ount that the 
orrespondingvalues of BRall(b ! e) are respe
tively 16% and 14:5%, di�erent values of"algb 
orrespond in the end to the same values of the overall e�
ien
y of thesoft-ele
tron tagging, "softb . A higher jet reje
tion appears to be a
hievablefor pthrT = 2 GeV than for pthrT = 1 GeV15. The largest improvement inthe reje
tion power with rising the pthrT is observed for u-jets, and it is dueto the fa
t that, with lower pthrT , the in
rease in the number of ba
kgroundele
trons from 
-
onversions and from Dalitz de
ays is the highest for thesejets.In the pT bin 1� 2 GeV for any threshold applied on the dis
riminatingfun
tion the b-tagging algorithm performan
e is worse than for higher pTvalues. Therefore the overall ba
kground reje
tion for "algb � 50% be
omesworse after lowering pthrT down to 1 GeV.15 The reje
tions are in fa
t 
omparable within statisti
al errors, but, as the sample usedfor the higher momentum threshold is a subsample of the pthrT = 1 GeV sample,values obtained for both pthrT are strongly 
orrelated and the 
entral values should be
ompared.
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trons 963TABLE XIE�
ien
ies of the b-tagging algorithm, "algb , and of the soft-ele
tron tagging ef-�
ien
y, "softb , and jet reje
tion fa
tors Rg ; Ru; R
 obtained for two values of thethreshold on the transverse momentum of the tagging tra
k for the same value ofthe soft ele
tron tagging e�
ien
y, "softb = 7:2%. The values of Dthrjet used to obtainthese results are also given.pthrT "algb [%℄ "softb [%℄ Rg Ru R
 Dthrjet1 GeV 45:3� 0:8 7:2� 0:1 171� 23 403� 70 43� 3 6.922 GeV 50� 1 7:2� 0:1 192� 27 554� 113 47� 4 6.887. Con
lusionsIn the studies presented in this note the soft-ele
tron b-tagging pro
edureis dis
ussed. Table XII summarises results obtained for the jet reje
tion forvariations around the standard algorithm and for the same value of thee�
ien
y of the soft-ele
tron b-tagging. For a nominal e�
ien
y of the softele
tron b-tagging of � 7:2% the reje
tion against gluon jets is � 200, thereje
tion against 
-jets is � 45 and the reje
tion against u-jets � 600. Thisstandard algorithm 
an be 
ombined with the vertexing b-tagging algorithmto improve the overall ATLAS b-tagging performan
e. TABLE XIIFor a �xed value of "softb � 7:2%, expe
ted e�
ien
ies of the b-tagging algorithm,"algb , and of the jet reje
tion fa
tors Rg ; Ru; R
 for the standard and modi�ed algo-rithms. �xed "softb � 7:2%Pro
edure "algb [%℄ Rg Ru R
standard 50� 1 192� 27 554� 113 47� 4pthrT > 2 GeVno 
onv. �nding 50� 1 83� 8 96� 8 38� 3pthrT > 2 GeVno A0 50� 1 145� 18 283� 41 37� 2pthrT > 2 GeVno A0 and no PTj 50� 1 126� 14 229� 30 33� 2pthrT > 2 GeVstandard 45:3� 0:8 171� 23 403� 70 43� 3pthrT > 1 GeV
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zmarska, M. WolterThe best results are a
hieved for the standard algorithm, and the worstfor algorithms not using the 
-
onversion and Dalitz de
ay �nding pro
e-dure. Sin
e a signi�
ant fra
tion of the ba
kground jets identi�ed as b-jets istagged through ba
kground ele
trons from 
-
onversions and Dalitz de
ays(� 28% of g-jets and � 33% of u-jets), an improved overall ba
kground re-je
tion 
ould be hoped for, if a better performan
e of the 
onversion �ndingpro
edure would be a
hievable.The reje
tion fa
tors obtained in this study are mu
h better than thosepresented previously in [9,10℄ and [11℄, and these results 
on�rm the impor-tan
e of this additional b-tagging te
hnique to improve the overall b-taggingperforman
e of the ATLAS dete
tor. It should be stressed, however, that atthe moment neither the ele
troni
 noise nor the pile-up e�e
ts were in
ludedin the re
onstru
tion of the EM Calorimeter information. In fa
t, pile-upe�e
ts should be studied in the future for both the Inner Dete
tor and theEM Calorimeter re
onstru
tion in order to evaluate the performan
e of soft-ele
tron b-tagging at high luminosity. The pile-up will probably degrade theoverall tagging performan
e, but also some improvement is expe
ted whiletaking into a

ount the spiralling of low pT ele
trons in the magneti
 �eld16.In addition the results presented in this note were obtained for the 
entralregion of the ATLAS dete
tor only. It is planned to extend the presentstudies to the full rapidity range in the near future.Even if the algorithms presented in this note have been studied with theex
lusive aim of tagging b-jets from Higgs boson de
ay, they 
ould obviouslybe used more generally for any physi
s involving soft ele
trons in jets.The authors a
knowledge the very helpful and fruitful 
ollaboration withM. Seman in the part of the analysis 
on
erning the EM Calorimeter re
on-stru
tion and several 
ru
ial 
omments from U. Egede 
on
erning the pro-
edure of the photon 
onversion �nding. We are grateful to J. Chwastowskifor generating MC events and for valuable 
omments and advi
e on manyte
hni
al details. We a
knowledge warmly the very 
onstru
tive suggestionsfrom D. Froidevaux, E. Ros and D. Barberis. Last but not least, we thankE. Ri
hter-Was and P. Male
ki for their attention and support for this workand for never being satis�ed with the a
hievable 'reje
tion fa
tor', and to allthe Cra
ow ATLAS Group for many valuable 
omments.
16 Many thanks to Mi
hal Seman for pointing up on the spiralling e�e
t.
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trons 965Appendix APhoton 
onversions and Dalitz de
aysA.1 Photon 
onversionsPair produ
tion is the most important ele
tromagneti
 pro
ess at highenergies by whi
h photons intera
t with matter [19℄. The intense ele
tri
�eld near the nu
leus 
an 
ause a photon to 
onvert into an ele
tron and apositron. The nu
leus must be there to satisfy 
onservation of momentum,but the energy transfer to the nu
leus is typi
ally small. Therefore the e+e�opening angle is also small. The positrons and the ele
trons are likely tobe produ
ed at any allowed energy. In general, they do not have the sameenergy. A.2 Dalitz de
ays of neutral pionsThe neutral pion de
ays into two photons with a probability of nearly99%. However, with a probability of approximately 1:2% an e+e� pair andone photon are produ
ed. The se
ond de
ay mode, 
alled Dalitz de
ay,is also a pure ele
tromagneti
 pro
ess. In this de
ay, one real and onevirtual photon are produ
ed. The latter undergoes an internal 
onversionand de
ays into an ele
tron and positron pair [24℄. Compared to the �ode
ay into two photons, this pro
ess is suppressed by the ele
tromagneti

oupling 
onstant. Sin
e the mass of the virtual photon is small (althoughlarger than for 
-
onversions) a small opening angle between the e+ and e�is expe
ted. In general, the positron and ele
tron have di�erent energies.Appendix BDes
ription of the xConver algorithmThe xConver algorithm [21℄ is designed to re
onstru
t e+e� pairs orig-inating from photon 
onversions or Dalitz de
ays of neutral pions. In both
ases the signature of su
h a pro
ess is a pair of oppositely 
harged parti
leswith a 
ommon produ
tion vertex and an invariant mass 
lose to zero.The algorithm makes use of the fa
t that both the ele
tron and thepositron originate from the same 
onversion vertex and have a zero openingangle. In addition, it is assumed that the primary photon has zero impa
tparameter, thus negle
ting any beam spread in the transverse plane. xCon-ver �nds all the pairs of tra
ks of oppositely 
harged parti
les. The distan
ein the transverse plane between the tra
ks must be smaller than a given 
ut-o� (normally 5 
m), where the distan
e is 
omputed at the radius of the hit
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losest to the primary vertex on both tra
ks. After this fast presele
tion, a�2-�t is performed for all presele
ted pairs of tra
ks using the MINUIT [25℄pa
kage. The obtained value of �2 is a measure of the goodness of the �tand is used to reje
t e+e� pairs originating from photon 
onversions andDalitz de
ays. Appendix CVariablesThe identifying variables are 
al
ulated as follows:� The following variables are taken, as des
ribed in [21℄ and in [26℄,dire
tly from the banks of the xKalman and xConver re
onstru
tionpa
kages:Identifying variable Re
onstru
tion pa
kage variableNSi t�t_NSiHitsNPIX from t�t_PatternNB from t�t_PatternNRTR t�t_NTRHitsA0 jt�t_A0Vert j�2CONV 
�t_Chi2� Using information from the matri
es �lled during re
onstru
tion inthe EM Calorimeter (see se
tion 4.2), the following variables are 
al-
ulated:� E1 � energy deposited in the �rst longitudinal sampling of the
alorimeter,� E2 � energy deposited in the se
ond longitudinal sampling ofthe 
alorimeter,� E3 � energy deposited in the third longitudinal sampling of the
alorimeter,� E = E1 + E2 +E3 � energy deposited in the whole depth of the
alorimeter,The energy is 
al
ulated in a 3�3 window size in units of the 
ellsizes in the se
ond longitudinal sampling of the EM Calorimeter.� isolation of the shower ISO = 1� E3�3E3�7 ;



Tagging b-Jets Using Low-pT Ele
trons 967where E3�3 and E3�7 is the energy deposited in the 3 � 3 and3 � 7 window around the 
ell with maximum energy depositionsummed over the three samplings of the EM Calorimeter,� shower width measured in the strips (�rst longitudinal samplingof the EM Calorimeter)W =vuutPi=j+1i=j�1Ei � (i� j)2Pi=j+1i=j�1Ei ;where j is the 
ell with the maximum energy deposition and Eiis the energy deposited in the i-th 
ell in the �-dire
tion for a
onstant � = �max,� asymmetry measured in the stripsAS = �����Pi=j+3i=j+1Ei �Pi=j�1i=j�3EiPi=j+3i=j+1Ei +Pi=j�1i=j�3Ei ����� ;where j is the 
ell with the maximum energy deposition and Eiis the energy deposited in the i-th 
ell in the �-dire
tion for a
onstant � = �max.During the simulation of the events with the di
e pa
kage, no ele
-troni
 noise in the EM Calorimeter nor pile-up events were taken intoa

ount.� From 
ombined Inner Dete
tor and EM Calorimeter:� energy and transverse momentum mat
hingET=pT = ET1 +ET2 +ET3pT ;where pT is the transverse momentum of the tra
k taken fromthe xKalman re
onstru
tion pa
kage:pT = j1:0=tfit_PTInvV ertj ;� position of the shower measured in the stripsPOS = Pi=j+7i=j�7Ei � (i� j)Pi=j+7i=j�7Ei ;where j is the impa
t 
ell for the tra
k re
onstru
ted in the InnerDete
tor and Ei is the energy deposited in the i-th 
ell in the�-dire
tion for 
onstant � given by the tra
k parameters,
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zmarska, M. Wolter� transverse momentum of the tra
k determined relative to the jetaxis PTJ = pT= sin(�)� sin(�R);where pT is as de�ned above, � is the tra
k angle with respe
t tothe z axis 
al
ulated from xKalman variables, and�R is the dis-tan
e between the jet axis taken from the fast jet re
onstru
tionpa
kage and the tra
k dire
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