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1 Introdu
tionThe aim of the study presented in this note is the measurement of the top mass in the AT-LAS dete
tor, in the lepton plus jets 
hannel of the t�t de
ay : ea
h top quark de
ays almostex
lusively into a W boson and a b-quark, one of the W bosons de
ays leptoni
ally (W ! l�)and the other one hadroni
ally (W ! jj).This study has been performed with a sample of 500000 in
lusive t�t events generated usingPYTHIA, in
luding Final State Radiation (FSR) and a top mass equal to 175 GeV/
2 ; theyhave been simulated with the full simulation of the ATLAS dete
tor, in the initial 
on�guration,for j�j < 3:2 (GEANT3) and re
onstru
ted within the ATHENA framework (version 7.0.0).This 
orresponds roughly to 6 days of data taken by ATLAS at low luminosity. Jets have beenre
onstru
ted using the 
one algorithm, for di�erent 
one sizes in order to determine the optimalone. The stability of the method with the top mass has been 
he
ked by using events generatedat mtop = 160 GeV/
2, 170 GeV/
2, 180 GeV/
2 and 190 GeV/
2.This note is divided into four parts. The �rst part des
ribes the jet energy pre
alibrationand event sele
tion 
ommon to the hadroni
 and leptoni
 sides. Parts 2 and 3 are devoted to thestudy of hadroni
 and leptoni
 top de
ays, respe
tively. The last part presents the 
ombinationof the two top quarks de
ays. Several sour
es of systemati
 errors on the top mass re
onstru
tionhave been investigated and are presented in parts 2,3 and 4.
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Part IJet energy 
alibration and sele
tion2 Jet energy pre
alibration2.1 Jets de�nitionJet obje
ts 
an be separated into three 
ategories, des
ribed below : purely ele
tromagneti
 jets(reje
ted as jet 
andidates in our analysis), b-jets and light jets.Purely ele
tromagneti
 jetsEle
tromagneti
 parti
les (e+, e�, 
) are usually also re
onstru
ted as jet obje
ts. Figure 1shows the distribution of the distan
e (�R = p��2 + ��2 ) between a given jet and the
losest ele
tromagneti
 
luster versus the ratio between the 
luster energy and the jet energy. Ajet is labeled ele
tromagneti
 if this distan
e is below 0.2, and the energy ratio above 0.8. While' 76% of the ele
trons have their 
losest jet indeed tagged as ele
tromagneti
 with these 
uts,only 0.15 % of the other jets pass these 
uts.b-jetsThe b-tagging algorithm was not implemented in the 7.0.0 ATHENA version; therefore, wemade an artisanal b-jet de�nition, based on the distribution, shown on Figure 2, of the distan
ebetween a true b quark, 
oming from the de
ay of the 
orresponding top after gluon radiation,and the 
losest non-ele
tromagneti
 jet. The jet is tagged as a b-jet if this distan
e is smallerthan 0.2. The eÆ
ien
y of this tagging is equal to 92 %, thus mu
h higher than a realisti
b-tagging.Light jetsThe remaining jets, whi
h are not purely ele
tromagneti
 jets and not b-tagged, are 
alled lightjets.2.2 Jets energy pre
alibrationAs explained in the next se
tion, the event sele
tion begins with a �lter whi
h 
onsists in applyingseveral 
uts and among them, 
uts on the jets transverse energy. Therefore, a pre
alibrationof this energy needs to be performed at the �rst level of our analysis, for b-jets and light jets.This 
alibration relies on the Monte Carlo information for both jets. We study the di�eren
ebetween the jet energy and the 
orresponding true quark energy for b-jets, the 
orrespondingMonte Carlo jet for light jets, as a fun
tion of energy, in bins of � a. This is illustrated in thisnote with events re
onstru
ted using a jet 
one size equal to 0.4, but the determination of thepre
alibration fa
tors has of 
ourse been performed separately for ea
h studied 
one size.aThe � region [0; 2.5℄ has been divided into �ve ranges for this study : j�j � 0:6, 0:6 < j�j � 1, 1 < j�j � 1:4,1:4 < j�j � 1:8 and 1:8 < j�j � 2:5 : these ranges 
orrespond to 
alorimetri
 regions where the behaviour isroughly 
onstant. 4



Light jets energy pre
alibrationFigure 3 shows the di�eren
e between the energy of the light jet and the 
orresponding MonteCarlo jet energy b as a fun
tion of Monte Carlo jet energy, for the �ve studied ranges in �. The
alibration fa
tors, fun
tion of energy and de�ned for ea
h range in �, are given by a �t to these
urves. Figure 4 shows the same variables, after 
alibration, integrating over all � values : theresidual mis
alibration is smaller than 1 GeV, ex
ept at very low energy, whi
h is satisfa
torygiven the value of the pT jet 
ut applied later (at least 20 GeV).Light jets energy resolutionEnergy resolution follows from the 
alibration study des
ribed above : the distribution of thedi�eren
e between the light jet energy and the 
orresponding Monte Carlo jet energy has beenstudied for several energy bins, and �tted by a gaussian whose width 
orresponds to the energyresolution. Figure 5 shows the behaviour of this resolution, as a fun
tion of energy of the lightjet, for di�erent � ranges : the resolution obtained here is 
omparable to the resolution given inthe Physi
s TDR, above 200 GeV, but is mu
h worse at smaller energy.b-jets energy 
alibrationEnergy 
alibration of b-jets has been performed by studying the di�eren
e between the b-jetenergy and the 
orresponding initial (i.e. before any gluon radiation) b quark. Some of theb-quarks will de
ay semileptoni
ally (b ! l��
) with the neutrino undete
ted. If the lepton isan ele
tron, it will be, most of the time, merged in the jet energy ; if it is a muon, it is not
ontained in the 
alorimeter and is re
onstru
ted in the muon spe
trometer. In the present al-gorithm, the muon is not added so the muon energy is missing in the jet energy. Sin
e the muonis re
onstru
ted, we 
an identify su
h events and 
alibrate them separately 
. The distributionof the distan
e �R between the b-jet and the 
losest re
onstru
ted muon is shown in Figure 6 :we tag the b-de
ay as being muoni
 if �R is smaller than 0.2.Figures 7 and 8 show the di�eren
e between the b-jet energy and the 
orresponding b quarkenergy as a fun
tion of the b quark energy, in �ve ranges in � and for both kinds of b de
ay.The 
alibration for muoni
 b de
ays is 
learly di�erent from the other b de
ays. The 
alibrationfa
tors, fun
tion of energy and de�ned for ea
h range in �, are given by a �t to these 
urves.Figure 9 shows the same variables, after 
alibration, for any � value and any kind of b-de
ay :the mis
alibration is smaller than 2 GeV.

bAmong the Monte Carlo jets, the one asso
iated to a re
onstru
ted jet is the 
losest one, provided the distan
ebetween the Monte Carlo jet and the jet is smaller than 0.2
We dit not try to identify ele
trons in b-jets and to 
alibrate the 
orresponding jet separately5
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Figure 1: Distan
e (�R) between a jet and the 
losest ele
tromagneti
 
luster, versus the ratio E(
luster)=E(jet)
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Figure 2: Distan
e (�R) between a b quark (Pythia information) and the 
losest non ele
tromagneti
 jet6
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Figure 3: Di�eren
e between the light jet energy and the 
orresponding Monte Carlo jet energy, as a fun
tion ofthe Monte Carlo jet energy and for di�erent ranges in �
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Figure 6: Distan
e (�R) between a b-jet and the 
losest re
onstru
ted muon
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3 Event sele
tionThe event sele
tion (t�t! l�bjjb (l = e, �) pro
eeds in two steps : a presele
tion is �rst performedin order to remove part of the fully hadroni
 t�t de
ays and the semi-leptoni
 de
ays with a toosmall energy jet or lepton (ba
kground events). The �nal sele
tion is then performed on theremaining events.3.1 Presele
tionThe following 
uts are applied:� The missing tranverse energy, de�ned as the missing transverse momentum measuredin the 
alorimeter minus the transverse momenta of the re
onstru
ted muons, must begreater than 20 GeV. Figure 10 shows this distribution for all events (in white) and forthe t�t! l�bjjb (l = e, � or �) de
ays (shaded).
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Figure 10: Distribution of the missing transverse energy for all events (white histogram) and for the t�t! l�bjjb(l = e, � or �) de
ays (shaded)� There must be at least one re
onstru
ted lepton with transverse momentum greater than20 GeV and j � j< 2:5, where muons are identi�ed as the tra
ks re
onstru
ted by Muonbox,and ele
trons are identi�ed as des
ribed in the appendix.Figure 11 shows the distribution of the transverse momentum of the ele
tron or muon ine�bjjb and ��bjjb events, hereafter 
alled signal events (although some ��bjjb events arealso signal like).� There must be at least 4 jets with j � j< 2:5 and a (pre-
alibrated) transverse energygreater than 20 GeV (Figure 12). 11
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Figure 11: Transverse momentum of the signal leptons (from KINE information)Table 1 gives the number of events after ea
h 
ut, for the various �nal states. The initialnumber of events is lower than 500000 be
ause of losses during re
onstru
tion (either be
auseof ATHENA 
rashes or be
ause of CASTOR problems). The eÆ
ien
y is the fra
tion of signalevents passing the 
uts. The purity is the fra
tion of signal events among the remaining topevents.
ut hadroni
 e�bjjb ��bjjb ��bjjb leptoni
 total eÆ
ien
y (%) purity (%)no 
ut 266892 45983 46122 46094 21268 426359 100 21:6 � 0:1Etmiss 190066 42312 42953 42964 20122 338417 92:6 � 0:1 25:2 � 0:1Nleptons 33139 27322 27445 7473 14269 109648 59:5 � 0:2 49:9 � 0:2Njets 20709 17081 16834 4462 4277 63363 36:8 � 0:2 53:5 � 0:2Table 1: Number of events after ea
h 
ut of the �lter, for the various �nal statesThis �lter keeps 14:9% of the events (re
onstru
ted with a 
one of �R = 0:4): 7:8% of thehadroni
 events, 36:8% of the signal events, 9:7% of the events with one � de
ay, and 20:1% ofthe 2-lepton de
ays. After the �lter, 55% of the events are signal events.The fra
tion of events kept by the �lter and the signal eÆ
ien
y in
rease slightly with the
one size, as shown in table 2, but the signal purity is slightly de
reasing with 
one size.3.2 Final sele
tionThe �nal sele
tion pro
eeds as follows:� about 40% of the remaining fully hadroni
 events are sele
ted be
ause of a leptoni
 de-
ay of one of the b quarks. In order to redu
e this ba
kground, the number of isolatedleptons (with pT > 20 GeV and j � j< 2:5) is required to be exa
tly one, with a lepton12
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Figure 12: Number of jets with PT > 20 GeV and j � j< 2:5 for all events (white histogram) and for the t�t! l�bjjb(l = e, � or �) de
ays (shaded)
one fra
tion kept (%) eÆ
ien
y (%) purity (%)0.3 14.0 34.9 54.10.4 14.9 36.8 53.50.5 15.4 37.0 53.30.6 15.4 37.2 52.6Table 2: Fra
tion of events kept by the �lter, eÆ
ien
y on the signal and purity, as a fun
tion of the 
one sizebeing de
lared isolated if the distan
e to the 
losest (non-ele
tron) jet is greater than 0.2.(Figure 13 shows the distribution of the distan
e between the ele
trons or the muons andthe 
losest jet).� there must be exa
tly 2 b jets, as de�ned in se
tion 2, with pT > 20 GeV and j � j< 2:5.Table 3 shows the number of sele
ted events after ea
h 
ut for the various �nal state. Thesele
tion eÆ
ien
y of signal events is about 18%, and the purity 68%. Table 4 gives the evolutionof these numbers with 
one size. The signal eÆ
ien
y (and purity) de
reases with an in
reasing
one size, mainly be
ause of the isolation 
ut: the eÆ
ien
y of the isolation 
ut on signal eventsis 79.6% for a 0.3 
one, and drops to 70.4% for a 0.6 
one.Finally, the pT 
ut on the jet energies (light jets and b jets) has been varied. The e�e
t onthe fra
tion of events kept by the sele
tion is shown in table 5 for a 0.4 
one.
13
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Figure 13: Distan
e between the leptons and the 
losest jet for all events (white histogram) and for the t�t! l�bjjb(l = e, � or �) de
ays (shaded)
ut hadroni
 e�bjjb ��bjjb ��bjjb leptoni
 total eÆ
ien
y (%) purity (%)�lter 20709 17081 16834 4462 4277 63363 36:8 � 0:2 53:5 � 0:2isolation 10923 13590 11969 2365 2765 41612 27:7 � 0:1 61:4 � 0:32 b jets 4414 8877 7977 1479 2066 24813 18:3 � 0:1 67:9 � 0:3Table 3: Number of events after ea
h 
ut of the �nal sele
tion, for the various �nal states
one fra
tion kept (%) eÆ
ien
y (%) purity (%)0.3 6.1 19.3 68.20.4 5.8 18.3 67.90.5 5.2 16.2 67.20.6 4.5 13.9 65.8Table 4: Fra
tion of events kept by the event sele
tion, eÆ
ien
y on the signal and purity, as a fun
tion of the
one sizePT 
ut (GeV) fra
tion kept (%) eÆ
ien
y (%) purity (%)20 5.8 18.3 67.930 3.6 11.5 69.640 1.9 6.2 70.050 0.9 3.0 69.5Table 5: Fra
tion of events kept by the event sele
tion, eÆ
ien
y on the signal and purity, as a fun
tion of 
uton the transverse momentum of the jets14



Part IITop mass measurement using the hadroni
top de
ayThe top mass is determined from the re
onstru
tion of the invariant mass of a three-jet system :the two light-jets from the W and one of the two b-jets. Results are presented using a jet
one size equal to 0.4 and a 
ut on the jet pT equal to 40 GeV/
. The determination of this
ombination of three jets pro
eeds in two steps : the 
hoi
e of the two light jets, explained inse
tion 4, and the 
hoi
e of the b-jet asso
iated to the re
onstru
ted hadroni
 W, explained inse
tion 5. The top mass re
onstru
tion obtained is des
ribed in se
tion 6, and a non exhaustivestudy of systemati
 errors on this measurement is detailed in se
tion 7.4 In situ jet energy 
alibration4.1 Presele
tion of the light jet pair 
andidatesEvents kept after the sele
tion des
ribed above have at least two light jets above a given thresholdon their transverse momentum (50% of the events have more than two). Figure 14 shows thedistribution of the invariant mass of the light jet pairs, made with events with only two lightjets. In a �rst step, we sele
t the hadroni
 W 
andidates in a mass window of � 5�mjj aroundthe peak value of this distribution , where �mjj is the width of the �t performed (sum of agaussian and a third order polynomial). The eÆ
ien
y is then equal to 1.3 %.
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Figure 14: Invariant mass of light jets pair (pT 
ut equal to 40 GeV, 
one �R = 0.4)15



4.2 In situ energy res
aling from mass 
onstraint and 
hoi
e of the light jet pairThe a

ura
y on the top mass measurement is strongly 
orrelated to the pre
ision on the jetenergy re
onstru
tion, as will be shown later (7.4). In order to redu
e the in
iden
e of a light-jet energy mis-measurement (due to the energy lost out of 
one) on the pre
ision of the topmass measurement, an in-situ 
alibration of these jets is performed, through a �2 minimizationpro
edure [1℄. This minimization is applied event by event, for ea
h light-jet pair 
ombination.The expression of �2, given by equation (1), is the sum of three terms : the �rst (and leading)one 
orresponds to the 
onstrain of the jet pair invariant mass Mjj to the PDG W mass (MW ) ;the others 
orrespond to the jet energy 
orre
tion fa
tors, �i i = 1; 2, to be determined by thisminimization (�i i = 1; 2 is the resolution on the light jet energy, determined as explained inse
tion 2). �2 = (Mjj � MW )2�2W + (Ej1(1 � �1))2�21 + (Ej2(1 � �2))2�22 (1)The �2 is minimized, event by event, for ea
h light jet pair ; the light jet pair j1; j2 
orre-sponding to the minimal �2 is kept as the hadroni
 W 
andidate. This minimization pro
edurealso leads to the 
orresponding energy 
orre
tion fa
tors �1; �2, whose distribution, as a fun
-tion of the jet transverse momentum, is shown in �gure 15 ; the width of the distribution of �de
reases with energy, as expe
ted.
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Figure 15: Distribution of the energy 
orre
tion fa
tor �i, versus the transverse momentum pT of the light jets,for a pT 
ut equal to 40 GeV, and a 
one size equal to 0.44.3 Hadroni
 W re
onstru
tionThe hadroni
 W mass, re
onstru
ted with the light jets 
hosen by this �2 minimization, istherefore very narrow, as illustrated in �gure 16, sin
e, given the jet energy resolution, the �rst16



term in 1 dominates the �2. Further on, we will 
onsider only the hadroni
 W 
andidates whi
hbelong to a mass window of � 2�mW (�mW = 2.1 GeV). The purity on the hadroni
 W is equalto 56% and the �nal eÆ
ien
y, to 1.1%.
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Figure 16: Hadroni
 W mass (pT 
ut equal to 40 GeV, and 
one size equal to 0.4)5 Choi
e of the b-jet asso
iated to the hadroni
 WThe next step in the top mass re
onstru
tion is to asso
iate one of the two b-jets in theevent to the hadroni
 W 
andidate. Several methods have been studied ; in order to dis
riminatebetween them, we estimated the b-jet identi�
ation purity 
orresponding to ea
h method, and
hose the one giving the highest purity :� b-jet leading to the highest pT for the re
onstru
ted top : purity equal to 75%� b-jet 
losest to the re
onstru
ted hadroni
 W (smallest �R ) : purity equal to 74%� b-jet 
losest to the re
onstru
ted hadroni
 W (smallest angle between the W and theb-jet) : purity equal to 73%� b-jet furthest to the re
onstru
ted lepton : purity equal to 71%Therefore, the b-jet asso
iated to the re
onstru
ted top is the one leading to the highest pTfor the top.
17



6 Top mass measurement6.1 Top mass re
onstru
tionThe re
onstru
ted three jets (two light jets from the hadroni
 W and the 
hosen b-jet)invariant mass is shown in �gure 17. The mass peak (175.5 � 0.4 GeV/
2) is in good agreementwith the generated value (175 GeV/
2), for the 40 GeV/
 pT 
ut ; the width is equal to 11.6 �0.4 GeV/
2. The 
orresponding eÆ
ien
ies and purities are summarized in Table 6 (eÆ
ien
ies
ould be lower with a realisti
 b-tagging). In a mass window around � 3�mtop , the total purityin
reases to 59:8%, whereas the eÆ
ien
y is divided by a fa
tor 2.Total eÆ
ien
y (%) b purity (%) W purity (%) Top purity (%)full mass window 1.1 75.4 56.5 45.0mass window within �3�mtop 0.46 83.3 64.5 56.7Table 6: Total eÆ
ien
y and W, b and top purity of the �nal sele
ted events (
one 0.4 and pT 
ut = 40 GeV)6.2 Combinatorial ba
kgroundThe existen
e of initial and �nal state radiation (ISR and FSR) leads to a higher jet multi-pli
ity, and therefore to a 
ombinatorial ba
kground, 
orresponding to a 
ombination of threejets, with at least one jet wrongly asso
iated to the hadroni
 W or to the b quark 
oming fromthe same top quark. The 
ontribution of this ba
kground to the top mass distribution is shownin Figure 17.6.3 Stability of the methodIn order to 
he
k the stability of this top mass measurement, the same analysis has been appliedto events generated with a top mass equal to 160 GeV/
2, 170 GeV/
2, 180 GeV/
2 and 190GeV/
2. Results, summarized in Figure 18, show a linear dependen
e (with a slopoe 
lose to 1)of the re
onstru
ted top mass value on the generated top mass.
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Figure 17: Contribution of the 
ombinatorial ba
kground to the top mass distribution (in green, the 
ontributionfrom wrong W 
ombinations, and in red, from wrong W 
ombinations or b-jet asso
iations)
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7 Systemati
 errors on the top mass measurementThe results on the top mass measurement exposed above have been obtained with a jet 
one size(�R) equal to 0.4 and a 
ut on the transverse momentum of the jets equal to 40 GeV/
. Weexplain in this se
tion why these values are optimal for our analysis (7.1 and 7.2) ; this studywill have to be �nalized taking into a

ount the behaviour of ba
kground events as a fun
tionof the jet 
one size and pT -jet 
ut. Several systemati
 errors have also been estimated, and areshown in this se
tion (7.3,7.4,7.5 and 7.6).7.1 pT -jet 
utIn order to determine the optimal value of these two parameters, we have studied the variationof the purities (on the hadroni
 W, on the 
orresponding b, and on the top) and of the �naleÆ
ien
y, as a fun
tion of the pT -jet 
ut : this is summarized in Figures 19, 20, 21 and 22,obtained for a jet 
one size equal to 0.4. Moreover, the value of the ratio SB , not studied withfull simulation but taken from the TDR, in
reases as the pT jet threshold in
reases. We de
idedto take the value of 40 GeV for this threshold, as a good 
ompromise between eÆ
ien
y andpurity. The �nal value has to be 
on�rmed by studying the ba
kground with full simulation.7.2 Jet 
one sizeFigures 23 and 24 show the energy 
alibration fa
tors, for b-jets and light jets, for several 
onesizes : mis
alibration is smaller with larger 
ones, whi
h is logi
al for b-jets, but not obvious forlight jets as the 
alibration for these jets is based on the 
omparison between the jet energy andthe Monte Carlo jet energy.Purities and total eÆ
ien
y depend on the jet 
one size, as summarized in Figures 25, 26,27 and 28. One origin of the di�eren
es between 
one sizes is our way to perform b-tagging :therefore, this study will have to be redone with a realisti
 b-tagging.7.3 EmissT 
utThe EmissT 
ut applied (20 GeV), together with the request of one isolated lepton with a pTgreater than 20 GeV leads to an important ba
kground reje
tion, a

ording to the study per-formed in the ATLAS TDR [2℄ : therefore, the EmissT 
ut is enough eÆ
ient. The sensitivity ofthis 
ut on our analysis has been evaluated for several values of EmissT , and is summarized inTable 7 : an in
rease of its value does not a�e
t strongly the purities nor the eÆ
ien
y, and thevalue of the re
onstru
ted top mass is stable.ETmiss 
ut EÆ
ien
y (%) b purity (%) W purity (%) Top purity (%) Top mass (GeV/
2)20 GeV 1.1 56.5 75.4 45.0 175.525 GeV 1.0 56.4 75.5 44.6 175.430 GeV 0.9 56.1 75.9 44.7 175.4Table 7: Total eÆ
ien
y and W, b and top purity of the �nal sele
ted events (
one 0.4 and pT 
ut = 40 geV), fordi�erent values of the ETmiss 
ut7.4 Jet energy s
aleIn order to estimate the e�e
t of the jet energy s
ale un
ertainty, a mis
alibration 
oeÆ
ienthas been applied to the b-jet and light jet energies, separately.20



b-jet energy s
aleThe linear dependen
e of the re
onstru
ted top mass on the b-jet energy s
ale is shown inFigure 29. A 1% s
ale error on b-jet energies would indu
e a shift on the top mass equal to 0.6GeV ; the studies performed with Atlfast gave a shift equal to 0.7 GeV.In situ light jet energy s
aleAs an in-situ 
alibration is performed for the light jet energies, the e�e
t of a light jet energymis
alibration is lower than the one estimated above. This is shown in Figure 30. A 1% s
aleerror on light jet energies would indu
e a shift on the top mass equal to 0.15 GeV ; the studiesperformed with Atlfast gave a shift equal to 0.3 GeV.7.5 Ele
troni
 noiseThe e�e
t of ele
troni
 noise on the mass measurement has been assessed by re
onstru
ting the175 GeV sample with ele
troni
 noise swit
hed o�, and 
omputing the mass shift event by event,for all events in 
ommon in the �nal top mass distributions. This shift is shown in �gure 31.There is a 1.4 GeV o�set, perhaps due to a threshold in the 
ell energies. With a 0.4 
one, the
ontribution of ele
troni
 noise to the mass resolution is 4.4 GeV.7.6 Toy Monte Carlo studyThe variation of the re
onstru
ted top mass as a fun
tion of the 
ut on jet transverse momentais shown in �gure 32. With the full re
onstru
tion (blue squares), the mass in
reases by about3 GeV from a 20 GeV 
ut to a 50 GeV 
ut. An in
rease is also observed in a toy simulation(red dots), where the true quark momenta are smeared by the jet energy resolution, althoughwith a smaller amplitude.We believe that the e�e
t is mostly due to the resolution on the jet energies ; when applyinga 
ut on their momenta, one sele
ts jets with a high energy 
u
tuation and reje
ts jets with alow energy 
u
tuation. This leads to a shift of the mass towards higher values.
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Figure 19: Hadroni
 W purity as a fun
tion of the pT -jet 
ut, for a 
one jet size equal to 0.4
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Figure 20: b purity as a fun
tion of the pT -jet 
ut, for a 
one jet size equal to 0.4
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Figure 21: Top purity as a fun
tion of the pT -jet 
ut, for a 
one jet size equal to 0.4
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Figure 22: Final eÆ
ien
y as a fun
tion of the pT -jet 
ut, for a 
one jet size equal to 0.4
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Figure 23: Energy 
alibration fa
tor of b-jets, for di�erent 
one sizes 1 � jetaj � 1:4
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alibration fa
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Figure 25: Hadroni
 W purity as a funtion of the pT jet 
ut, for several 
one jet sizes
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Figure 26: b purity as a funtion of the pT jet 
ut, for several 
one jet sizes
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Figure 27: Top purity as a funtion of the pT jet 
ut, for several 
one jet sizes
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Figure 28: Final eÆ
ien
y as a funtion of the pT jet 
ut, for several 
one jet sizes
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Figure 31: Shift of the top mass distribution due to the ele
troni
 noise in the 
alorimeters
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Part IIITop mass measurement using thesemi-leptoni
 top de
ayIn this part we will present an independent study of the semi-leptoni
 top de
ay using the same�ltered events used for the hadroni
 top de
ay in the previous se
tions. If not mentionnedotherwise, we use events generated with a top mass of 175 GeV=
2.8 The neutrino energy re
onstru
tion8.1 Study of the missing transverse momentumIn order to re
onstru
t the neutrino momentum we �rst have to work in the plane transverseto the beam axis. Summing up all the 
ell energies, the total transverse energy measured inthe 
alorimeter is equal to 0, for a perfe
t 
alorimeter and in the absen
e of non-intera
tingparti
les (eg neutrinos) or partially 
ontained parti
les (eg muons). For the latter we use themuon spe
trometer behind the 
alorimeter to measure their momentum. Therefore we build ourPmissx and Pmissy variables in the following way:Pmissx = EmissH1x � P �xPmissy = EmissH1y � P �ywhere:� EmissH1x and EmissH1y are the proje
tion on the X and Y axes of minus the sum over
alorimeter 
ell energies, using the H1 
alibration.� P�x and P�y are the proje
tion on the X and Y axes of the sum of the re
onstru
ted muonmomenta.In order to 
he
k the neutrino px and py resolution we 
ompute (as re
ommented in the CBNTdo
umentation for ATHENA 7.0.0) the quantities:Pmissx � (ETrueFullx � TrueP �x )Pmissy � (ETrueFully � TrueP �y )where:� ETrueFullx and ETrueFully are the proje
tion on the x and y axes of ��!ET , the ve
tor sum ofall true energy deposits in the 
alorimeter.� TrueP�x and TrueP�y are the proje
tion on the x and y axes of the sum of the true muonmomenta.Figure 33 and Figure 34 show the resolution on the X and Y proje
tions of the transverse missingmomentum for the 
ase where we sele
ted only top-antitop events o

uring with exa
tly one semileptoni
 de
ay. The obtained resolution is around 16 GeV=
 and the mean value is 
lose to zeroin both dire
tions. If one uses the standard 
alibration instead of H1, the resolutions grow by3 GeV=
 but the mean values stay 
lose to zero. For this reason we keep the H1 
alibration inthe Pmissx and Pmissy 
al
ulation. 29
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8.2 The lepton-missing pT transverse massConsidering events with exa
tly one isolated lepton of pT > 20 GeV=
, we form the leptoni
transverse mass using the usual formula and negle
ting parti
le masses:Mt = q(2: � (E�t �Elt � (p�x � plx + p�y � ply)))Figure 35 and Figure 36 show the obtained transverse masses for ele
tron and muon eventswhi
h have to be 
ompared to the expe
ted distribution of Figure 37. In this �gure we haveused px and py summed over all neutrinos in the event having j�j < 3:2. The tail observed wellabove the Ja
obian peak is due to events with more than one neutrino (top semi-leptoni
 de
ayfollowed by a b semi-leptoni
, or double semi-leptoni
 top de
ays).
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Figure 35: Re
onstru
ted transverse mass for events with one isolated ele
tronSele
ting the events whi
h have only one top semi-leptoni
 de
ay we get a transverse massresolution (see �gure 38) of around 16 GeV=
2 but we observe a systemati
 3 GeV=
2 shift. Ifwe split the sample into ele
tron and muon events (�gure 39 and �gure 40) we observe thatthe transverse mass shift is 1 GeV=
2 larger for muon events than for ele
tron events. In orderto investigate this o�set we 
ompute the di�eren
e of the missing pT, pmissT , and the pT of thegenerated neutrino, p�T as a fun
tion of the missing pT. As one 
an see on �gure 41, there is astrong dependen
e on pmissT , but an independen
e on the type of lepton. Therefore, we use thesame 
orre
tion of pmissT for both type of events. In order to translate this 
orre
tion to missingpx and missing py, we 
orre
t the pmissT amplitude but we keep the dire
tion obtained before
orre
tion. We have also investigated the 
alibration of the leptons. Figure 42 and �gure 43show the resolution on the ele
tron and muon momenta. It is 
learly visible that ele
trons arenot perfe
tly 
alibrated. Figure 44 shows the re
onstru
ted ele
tron energy minus true ele
tronenergy as a fun
tion of the re
onstru
ted energy. This mis-
alibration, known to exist in version7.0.0 of ATHENA, is due to the fa
t that the 
alibration was performed for photons. Corre
ting31
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Figure 36: Re
onstru
ted transverse mass for events with one isolated muonfor the ele
tron energy mis-
alibration redu
es the di�eren
e between the transverse mass plotobtained with ele
trons 
ompared to the one obtained with muons. A 0:2 GeV=
2 di�erentialshift still remains between the two kinds of events. This is probably due to the energy depositedby the muon in the 
alorimeter whi
h was not subtra
ted when 
omputing missing pT. If wenow re
ompute the resolution on the transverse mass we observe that the o�set has de
reasedby a fa
tor 2 (Figure 45) and that the resolution is slightly improved.
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8.3 Re
onstru
tion of the neutrino pzUsing the known W mass , the re
onstru
ted lepton and the missing pT 
omponents we 
anwrite the W mass as a fun
tion of neutrino pz using the following equation:M2W = m2l � 2 � (plx � p�x + ply � p�y) + 2 �El �q((pMissT )2 + (p�z)2)� 2 � (plz � p�z)Unfortunately the equation is not linear in neutrino p�z . The equation has no solution whenthe neutrino-lepton transverse mass is above the W mass, due to energy resolution. In the other
ases we usually �nd two valid solutions (one with positive p�Re
z and one with negative p�Re
z ).Therefore, we have either two re
onstru
ted leptoni
 W's or none. In order to estimate theobtained resolution we use the true neutrino pz (p�z ) to 
hoose among the two solutions. Theobtained resolution is around 30 GeV=
 but with rather long non gaussian tails (see �gure 46).Due to the resolution on pmissT , the transverse mass ja
obian peak is widened. In our Wmass 
onstraint we therefore reje
t all events having a transverse mass above the W mass. Partof these events 
an be re
overed assuming p�Re
z = 0 and imposing MRe
W below 100 Gev=
2.The obtained p�Re
z resolution seems rather reasonable (Figure 47). We de
ide to add theseevents to the sample for whi
h the W mass 
onstraint works. Around 46% of the events have are
onstru
ted neutrino pz.
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9 The semi-leptoni
 top quark mass re
onstru
tion9.1 Combining the leptoni
 W with a b quark jetTo re
onstru
t the top mass on the leptoni
 side, we have to asso
iate the leptoni
 W with oneof the two possible b quark jets. To study the quality of the asso
iation we will 
onsider allre
onstru
ted leptoni
 W 
andidates. We have 
onsidered three asso
iation methods:� Maximizing the top quark transverse momentum.� Minimizing the angle between the lepton and the b quark jet.� Minimizing the angle between the leptoni
 W and the b quark jet.As for the hadroni
 side, the best method (see �gure 48) is the one whi
h maximises the Pt ofthe top quark. The obtained b jet asso
iation purity is 
omparable to the one of the hadroni
side.
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Figure 48: B jet asso
iation purity on the semi-leptoni
 de
ay top quarks as a fun
tion of 
ut on jet pT .
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9.2 Results on the re
ontru
ted semi-leptoni
 top quark massFigure 49 shows the top mass obtained on the leptoni
 side for a 
ut on the jet pT of 40 GeV=
,for all leptoni
 W 
andidates. When we keep only the top mass 
losest to the generated one (Fig-ure 50) the agreement between the generated and re
onstru
ted mass improves by 1:4 GeV=
2and the resolution is of the order of 17 GeV=
2. The dependen
e of the mass on the 
ut on thejet pT is shown in �gure 51. The sensitivity to the jet pT 
ut is less important than for thehadroni
 side sin
e there is only one jet entering the mass 
omputation. Nevertheless the widthis mu
h larger and the mass stays systemati
ally below the generated one. Figure 52 showsthe obtained event sele
tion eÆ
ien
y as a fun
tion of the 
ut on the jet pT. The eÆ
ien
y isslightly higher than for the hadroni
 side.
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Figure 49: Re
onstru
ted semi-leptoni
 top quark mass keeping all leptoni
 W 
andidates and for a pT 
ut of 40GeV=
. The mass has been �tted using a gaussian plus a third order polynomial.
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onstru
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 top quark mass sele
ting the leptoni
 W 
andidates giving the top mass
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2). A pT 
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 has been applied. The mass has been �ttedusing a gaussian plus a third order polynomial.
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9.3 Sensitivity to generated top quark massIn this se
tion we present the re
onstru
ted semi-leptoni
 top quark mass for three di�erentgenerated masses (160 GeV=
2, 175 GeV=
2 and 190 GeV=
2). The dependen
e of the re
on-stru
ted mass on the jet pT 
ut observed at 175 GeV=
2 has not been 
orre
ted. Figure 53 showsthe re
onstru
ted semi-leptoni
 top quark mass (
onsidering all 
ombinations) as a fun
tion ofthe generated mass for a jet pT 
ut of 40 GeV=
. We observe that the systemati
 negative biasin
reases with the generated mass. In prin
iple part of this e�e
t as well as the dependen
e onthe jet pT 
ut 
an be 
orre
ted using a toy Monte-Carlo like ATLFAST. This study remains tobe performed.
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Figure 53: Re
onstru
ted semi-leptoni
 top quark mass (
onsidering all 
ombinations) as a fun
tion of the gener-ated mass for a jet pT 
ut of 40 GeV=
.
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Part IVCombining both top de
aysIn this part we try to improve on both top mass measurements by 
ombining the hadroni
 andthe semi-leptoni
 top quark de
ays. The goals are �rst to solve the semi-leptoni
 side ambiguityand se
ond to improve on the b jet asso
iation purity on both sides. We �rst pro
eed with thestudy for a generated top mass of 175 GeV=
2 before studying the other generated top masssamples.10 Combining the W's with the b quark jetsTo re
onstru
t the top masses we have to asso
iate the W's with the b quark jets. On thesemi-leptoni
 side we have mostly two W 
andidates. In order to solve the ambiguity we usethe mass di�eren
e between the hadroni
 and the semi-leptoni
 sides. We have 
onsidered thethree following methods to asso
iate the b quark jets:� 1) Minimize �m = ���MHadtop �MLeptop ��� to 
hoose at the same time the b quark jet and theleptoni
 W. The mass di�eren
e of the sele
ted top pairs shown on �gure 54 is well 
enteredat zero with a sigma of the order of 23 GeV=
2. This 
an be done be
ause the massresolution is mu
h larger than the natural top width.� 2) Combine the b jets with the W's in order to maximize the top quark pT independentlyon both sides and 
hoose the leptoni
 W minimizing �m. If no leptoni
 W has beenre
onstru
ted the hadroni
 mass is still kept.� 3) We �rst use method 2. If we have a 
on
i
t in the b quark jet asso
iation (one b jetis used twi
e) or if the mass di�eren
e is really large (above 70 GeV=
2) we 
onsider thatthe asso
iation is probably wrong and we use method 1 for these events.Figure 55 and �gure 56 show the b jet purity obtained for both types of top quark de
aysas a fun
tion of the 
ut on the jet pT. It is 
learly visible that on the hadroni
 side the �rstmethod is the most eÆ
ient for jet pT below 30 GeV=
 whereas method 3 is better above. Onthe leptoni
 side method 3 is always better. For this reason method 3 will be used for furtheranalysis.
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11 Results on the re
onstru
ted top quark massFigure 57 shows the re
onstu
ted top quark masses for both types of top quark de
ays as afun
tion of the 
ut on the jet pT. The behaviour of the re
onstru
ted top mass as a fun
tionof pT is di�erent on both sides but at high pT jet 
ut the masses be
ome 
omparable. Thissystemati
 di�eren
e has to be investigated, for example by 
omparing to a toy Monte-Carlosimulation. Figure 58 and �gure 59 show the mass distributions obtained for both types of de
ayand a pT jet 
ut of 40 GeV=
. Figure 60 and Figure 61 show the obtained top quark massesfor a pT jet 
ut of 40 GeV=
 as a fun
tion of the generated mass. The re
onstru
ted massesbehave linearly with the generated mass but with a di�erent slope for the hadroni
 de
ay thanfor the leptoni
 one. Trying to investigate the origin of this di�eren
e we have varied both themissing pT and lepton pT 
uts without observing any signi�
ant 
hanges. We suppose that thisdi�eren
e is intrinsi
 to the method and plan to investigate further using a toy Monte-Carlosimulation.

49



20 25 30 35 40 45 50

171

172

173

174

175

176

177

HAdronic and Lepronic Top  vs PtJetMin (combining both sides and solving)HAdronic and Lepronic Top  vs PtJetMin (combining both sides and solving)

PtJetMin (GeV/c)
20 25 30 35 40 45 50

M
as

s 
(G

eV
/c

2)

171

172

173

174

175

176

177

HAdronic and Lepronic Top  vs PtJetMin (combining both sides and solving)

Hadronic Top Mass

Leptonic Top Mass

Figure 57: Hadroni
 and semi-leptoni
 re
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Figure 58: Re
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ombined hadroni
 top quark mass for a pT 
ut of 40GeV=
. The mass has been �ttedusing a gaussian plus a third order polynomial.50
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Figure 59: Re
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ted 
ombined semi-leptoni
 top quark mass for a pT 
ut of 40GeV=
. The mass has been�tted using a gaussian plus a third order polynomial.
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Figure 60: Re
onstru
ted 
ombined top quark mass versus generated mass for a pT 
ut of 40GeV=
.51
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Figure 61: Re
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ted minus generated 
ombined top quark mass versus generated mass for a pT 
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.
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Part VCon
lusionWe studied the top mass re
onstru
tion in t�t ! l�bjjb events using full simulation andre
onstru
tion of this pro
ess. Both the l�b and jjb de
ays were 
onsidered, for �ve generatedtop masses (160, 170, 175, 180 and 190 GeV/
2). A few sour
es of systemati
 errors have beenstudied.The resolution on the top mass is about 12 GeV/
2 for the jjb side (19 GeV/
2 for thel�b side). With these resolutions, the statisti
al error on the top mass after one week at1033 
m�2 s�1 is 0.4 GeV/
2 (0.9 GeV/
2). The statisti
al un
ertainty will qui
kly be
omenegligible 
ompared to the un
ertainties related to the jet s
ale determination, whi
h amountto 600 MeV per per
ent mis
alibration for b jets, and to 200 MeV per per
ent mis
alibrationfor light jets.In both de
ay modes, the re
onstru
ted mass exhibits a dependen
e with the 
ut on the jetenergies due to resolution e�e
ts. However, with a �xed 
ut at PT = 40 GeV/
 and if the jetenergies are properly 
alibrated, the mass re
onstru
ted in the hadroni
 side is very 
lose to thegenerated mass, for the full mass range.In the semi-leptoni
 side, the re
onstru
ted mass tends to be smaller than the generatedmass. Although this e�e
t remains to be understood, the leptoni
 side 
an be used to in
reasethe purity of the b asso
iation on the hadroni
 side.This analysis will be redone with ATHENA 10.0.1, whi
h will allow in parti
ular to use amore realisti
 b-jet tagging, and to study the impa
t of jet 
alibration in more detail.
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Part VIAnnex12 Appendix 1: Ele
tron identi�
ation.In order to identify ele
trons we 
onsider ele
tron-gamma 
andidates and 
he
k the additional
riteria de�ned below.Looking into the CBNT e-gamma data blo
k, we �rst sele
t 
lusters having the eg IsEM
ag set to zero. This guarantees that both the longitudinal and the lateral shower pro�les are
ompatible with an ele
tromagneti
 shower. Then we request that at least one re
onstru
tedtra
k is found in front of the 
luster. Finally we 
ut on the distan
e between the 
luster and the
losest tra
k both in eta and phi. Be
ause of the magneti
 �eld the bremstrahlung e�e
ts arisesalways only on one side in phi of the 
luster. For this reason the e-gamma data blo
k 
ontainsthe signed tra
k-
luster phi di�eren
e (Figure 62) and our identi�
ation 
ut is asymmetri
.In order to de�ne the tra
k-
luster mat
hing 
uts we have generated single ele
tron samplesfor di�erent energies. The �� 
ut has been studied as a fun
tion of the ele
tron energy su
has the eÆ
ien
y stays 
onstant at 95% (Figure 63). The �� 
ut has been studied as a fun
tionof the ele
tron transverse energy su
h as the 
ut on both sides has a 95% 
onstant eÆ
ien
y(Figure 64 and Figure 65).The e�e
t on the ele
trons identi�
ation eÆ
ien
y of the previous 
uts is shown on Figure 66.The large drop at low energy is mainly due to the fa
t that the ele
trons where generated 
atin � and with a 
onstant energy but that the minimal 
luster transverse energy was set to thedefault (5 GeV/
).
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trons having a transverse energy between 7 GeV/
 and 9GeV/
.54
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Figure 63: Delta eta ele
tron identi�
ation 
ut as a fun
tion of the ele
tron energy.

Et (GeV)
0 20 40 60 80 100 120 140 160 180 200

dp
hi

m
ax

0.001

0.002

0.003

0.004

0.005

 / ndf 2χ  4.047 / 5

a         0.0001911± 9.614e-05 

b         0.0003628± 9.244e-05 

c         0.0005111± -0.0001272 

 / ndf 2χ  4.047 / 5

a         0.0001911± 9.614e-05 

b         0.0003628± 9.244e-05 

c         0.0005111± -0.0001272 

b*x + ca/

dphi max cut

Figure 64: Positive delta phi ele
tron identi�
ation 
ut as a fun
tion of the ele
tron transverse energy.55
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Figure 65: Negative delta phi ele
tron identi�
ation 
ut as a fun
tion of the ele
tron transverse energy.
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Figure 66: Ele
tron sele
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ombined eÆ
ien
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uts as a fun
tion of the ele
tron energy.56
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