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1 IntrodutionThe aim of the study presented in this note is the measurement of the top mass in the AT-LAS detetor, in the lepton plus jets hannel of the t�t deay : eah top quark deays almostexlusively into a W boson and a b-quark, one of the W bosons deays leptonially (W ! l�)and the other one hadronially (W ! jj).This study has been performed with a sample of 500000 inlusive t�t events generated usingPYTHIA, inluding Final State Radiation (FSR) and a top mass equal to 175 GeV/2 ; theyhave been simulated with the full simulation of the ATLAS detetor, in the initial on�guration,for j�j < 3:2 (GEANT3) and reonstruted within the ATHENA framework (version 7.0.0).This orresponds roughly to 6 days of data taken by ATLAS at low luminosity. Jets have beenreonstruted 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 heked 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 desribes the jet energy prealibrationand event seletion ommon to the hadroni and leptoni sides. Parts 2 and 3 are devoted to thestudy of hadroni and leptoni top deays, respetively. The last part presents the ombinationof the two top quarks deays. Several soures of systemati errors on the top mass reonstrutionhave been investigated and are presented in parts 2,3 and 4.

3



Part IJet energy alibration and seletion2 Jet energy prealibration2.1 Jets de�nitionJet objets an be separated into three ategories, desribed below : purely eletromagneti jets(rejeted as jet andidates in our analysis), b-jets and light jets.Purely eletromagneti jetsEletromagneti partiles (e+, e�, ) are usually also reonstruted as jet objets. Figure 1shows the distribution of the distane (�R = p��2 + ��2 ) between a given jet and thelosest eletromagneti luster versus the ratio between the luster energy and the jet energy. Ajet is labeled eletromagneti if this distane is below 0.2, and the energy ratio above 0.8. While' 76% of the eletrons have their losest jet indeed tagged as eletromagneti 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 distanebetween a true b quark, oming from the deay of the orresponding top after gluon radiation,and the losest non-eletromagneti jet. The jet is tagged as a b-jet if this distane is smallerthan 0.2. The eÆieny of this tagging is equal to 92 %, thus muh higher than a realistib-tagging.Light jetsThe remaining jets, whih are not purely eletromagneti jets and not b-tagged, are alled lightjets.2.2 Jets energy prealibrationAs explained in the next setion, the event seletion begins with a �lter whih onsists in applyingseveral uts and among them, uts on the jets transverse energy. Therefore, a prealibrationof 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�erenebetween the jet energy and the orresponding true quark energy for b-jets, the orrespondingMonte Carlo jet for light jets, as a funtion of energy, in bins of � a. This is illustrated in thisnote with events reonstruted using a jet one size equal to 0.4, but the determination of theprealibration fators has of ourse been performed separately for eah 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 prealibrationFigure 3 shows the di�erene between the energy of the light jet and the orresponding MonteCarlo jet energy b as a funtion of Monte Carlo jet energy, for the �ve studied ranges in �. Thealibration fators, funtion of energy and de�ned for eah range in �, are given by a �t to theseurves. Figure 4 shows the same variables, after alibration, integrating over all � values : theresidual misalibration is smaller than 1 GeV, exept at very low energy, whih is satisfatorygiven the value of the pT jet ut applied later (at least 20 GeV).Light jets energy resolutionEnergy resolution follows from the alibration study desribed above : the distribution of thedi�erene 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 funtion of energy of the lightjet, for di�erent � ranges : the resolution obtained here is omparable to the resolution given inthe Physis TDR, above 200 GeV, but is muh worse at smaller energy.b-jets energy alibrationEnergy alibration of b-jets has been performed by studying the di�erene between the b-jetenergy and the orresponding initial (i.e. before any gluon radiation) b quark. Some of theb-quarks will deay semileptonially (b ! l��) with the neutrino undeteted. If the lepton isan eletron, it will be, most of the time, merged in the jet energy ; if it is a muon, it is notontained in the alorimeter and is reonstruted in the muon spetrometer. In the present al-gorithm, the muon is not added so the muon energy is missing in the jet energy. Sine the muonis reonstruted, we an identify suh events and alibrate them separately . The distributionof the distane �R between the b-jet and the losest reonstruted muon is shown in Figure 6 :we tag the b-deay as being muoni if �R is smaller than 0.2.Figures 7 and 8 show the di�erene between the b-jet energy and the orresponding b quarkenergy as a funtion of the b quark energy, in �ve ranges in � and for both kinds of b deay.The alibration for muoni b deays is learly di�erent from the other b deays. The alibrationfators, funtion of energy and de�ned for eah 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-deay :the misalibration is smaller than 2 GeV.

bAmong the Monte Carlo jets, the one assoiated to a reonstruted jet is the losest one, provided the distanebetween the Monte Carlo jet and the jet is smaller than 0.2We dit not try to identify eletrons in b-jets and to alibrate the orresponding jet separately5
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Figure 1: Distane (�R) between a jet and the losest eletromagneti luster, versus the ratio E(luster)=E(jet)
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Figure 2: Distane (�R) between a b quark (Pythia information) and the losest non eletromagneti jet6
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Figure 3: Di�erene between the light jet energy and the orresponding Monte Carlo jet energy, as a funtion ofthe Monte Carlo jet energy and for di�erent ranges in �
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Figure 4: Chek of the light jet energy alibration
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Figure 5: Energy jet resolution for di�erent � ranges
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Figure 6: Distane (�R) between a b-jet and the losest reonstruted muon
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Figure 7: Di�erene between the b-jet energy and the orresponding b quark energy, as a funtion of the b quarkenergy and of �, for non muoni b-deays
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Figure 9: Chek of the b-jet energy alibration
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3 Event seletionThe event seletion (t�t! l�bjjb (l = e, �) proeeds in two steps : a preseletion is �rst performedin order to remove part of the fully hadroni t�t deays and the semi-leptoni deays with a toosmall energy jet or lepton (bakground events). The �nal seletion is then performed on theremaining events.3.1 PreseletionThe following uts are applied:� The missing tranverse energy, de�ned as the missing transverse momentum measuredin the alorimeter minus the transverse momenta of the reonstruted 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 �) deays (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 �) deays (shaded)� There must be at least one reonstruted lepton with transverse momentum greater than20 GeV and j � j< 2:5, where muons are identi�ed as the traks reonstruted by Muonbox,and eletrons are identi�ed as desribed in the appendix.Figure 11 shows the distribution of the transverse momentum of the eletron 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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Part IITop mass measurement using the hadronitop deayThe top mass is determined from the reonstrution 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 jetone size equal to 0.4 and a ut on the jet pT equal to 40 GeV/. The determination of thisombination of three jets proeeds in two steps : the hoie of the two light jets, explained insetion 4, and the hoie of the b-jet assoiated to the reonstruted hadroni W, explained insetion 5. The top mass reonstrution obtained is desribed in setion 6, and a non exhaustivestudy of systemati errors on this measurement is detailed in setion 7.4 In situ jet energy alibration4.1 Preseletion of the light jet pair andidatesEvents kept after the seletion desribed 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 selet 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 eÆieny 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 resaling from mass onstraint and hoie of the light jet pairThe auray on the top mass measurement is strongly orrelated to the preision on the jetenergy reonstrution, as will be shown later (7.4). In order to redue the inidene of a light-jet energy mis-measurement (due to the energy lost out of one) on the preision of the topmass measurement, an in-situ alibration of these jets is performed, through a �2 minimizationproedure [1℄. This minimization is applied event by event, for eah 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 orretion fators, �i i = 1; 2, to be determined by thisminimization (�i i = 1; 2 is the resolution on the light jet energy, determined as explained insetion 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 eah light jet pair ; the light jet pair j1; j2 orre-sponding to the minimal �2 is kept as the hadroni W andidate. This minimization proedurealso leads to the orresponding energy orretion fators �1; �2, whose distribution, as a fun-tion of the jet transverse momentum, is shown in �gure 15 ; the width of the distribution of �dereases with energy, as expeted.
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Figure 15: Distribution of the energy orretion fator �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 reonstrutionThe hadroni W mass, reonstruted with the light jets hosen by this �2 minimization, istherefore very narrow, as illustrated in �gure 16, sine, given the jet energy resolution, the �rst16



term in 1 dominates the �2. Further on, we will onsider only the hadroni W andidates whihbelong to a mass window of � 2�mW (�mW = 2.1 GeV). The purity on the hadroni W is equalto 56% and the �nal eÆieny, 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 Choie of the b-jet assoiated to the hadroni WThe next step in the top mass reonstrution is to assoiate one of the two b-jets in theevent to the hadroni W andidate. Several methods have been studied ; in order to disriminatebetween them, we estimated the b-jet identi�ation purity orresponding to eah method, andhose the one giving the highest purity :� b-jet leading to the highest pT for the reonstruted top : purity equal to 75%� b-jet losest to the reonstruted hadroni W (smallest �R ) : purity equal to 74%� b-jet losest to the reonstruted hadroni W (smallest angle between the W and theb-jet) : purity equal to 73%� b-jet furthest to the reonstruted lepton : purity equal to 71%Therefore, the b-jet assoiated to the reonstruted top is the one leading to the highest pTfor the top.
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6 Top mass measurement6.1 Top mass reonstrutionThe reonstruted 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 eÆienies and purities are summarized in Table 6 (eÆieniesould be lower with a realisti b-tagging). In a mass window around � 3�mtop , the total purityinreases to 59:8%, whereas the eÆieny is divided by a fator 2.Total eÆieny (%) 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 eÆieny and W, b and top purity of the �nal seleted events (one 0.4 and pT ut = 40 GeV)6.2 Combinatorial bakgroundThe existene of initial and �nal state radiation (ISR and FSR) leads to a higher jet multi-pliity, and therefore to a ombinatorial bakground, orresponding to a ombination of threejets, with at least one jet wrongly assoiated to the hadroni W or to the b quark oming fromthe same top quark. The ontribution of this bakground to the top mass distribution is shownin Figure 17.6.3 Stability of the methodIn order to hek 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 dependene (with a slopoe lose to 1)of the reonstruted top mass value on the generated top mass.
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Figure 17: Contribution of the ombinatorial bakground to the top mass distribution (in green, the ontributionfrom wrong W ombinations, and in red, from wrong W ombinations or b-jet assoiations)
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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 setion why these values are optimal for our analysis (7.1 and 7.2) ; this studywill have to be �nalized taking into aount the behaviour of bakground events as a funtionof the jet one size and pT -jet ut. Several systemati errors have also been estimated, and areshown in this setion (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 �naleÆieny, as a funtion 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, inreases as the pT jet threshold inreases. We deidedto take the value of 40 GeV for this threshold, as a good ompromise between eÆieny andpurity. The �nal value has to be on�rmed by studying the bakground with full simulation.7.2 Jet one sizeFigures 23 and 24 show the energy alibration fators, for b-jets and light jets, for several onesizes : misalibration is smaller with larger ones, whih is logial 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 eÆieny depend on the jet one size, as summarized in Figures 25, 26,27 and 28. One origin of the di�erenes 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 bakground rejetion, aording to the study per-formed in the ATLAS TDR [2℄ : therefore, the EmissT ut is enough eÆient. The sensitivity ofthis ut on our analysis has been evaluated for several values of EmissT , and is summarized inTable 7 : an inrease of its value does not a�et strongly the purities nor the eÆieny, and thevalue of the reonstruted top mass is stable.ETmiss ut EÆieny (%) 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 eÆieny and W, b and top purity of the �nal seleted events (one 0.4 and pT ut = 40 geV), fordi�erent values of the ETmiss ut7.4 Jet energy saleIn order to estimate the e�et of the jet energy sale unertainty, a misalibration oeÆienthas been applied to the b-jet and light jet energies, separately.20



b-jet energy saleThe linear dependene of the reonstruted top mass on the b-jet energy sale is shown inFigure 29. A 1% sale error on b-jet energies would indue 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 saleAs an in-situ alibration is performed for the light jet energies, the e�et of a light jet energymisalibration is lower than the one estimated above. This is shown in Figure 30. A 1% saleerror on light jet energies would indue 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 Eletroni noiseThe e�et of eletroni noise on the mass measurement has been assessed by reonstruting the175 GeV sample with eletroni noise swithed 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, theontribution of eletroni noise to the mass resolution is 4.4 GeV.7.6 Toy Monte Carlo studyThe variation of the reonstruted top mass as a funtion of the ut on jet transverse momentais shown in �gure 32. With the full reonstrution (blue squares), the mass inreases by about3 GeV from a 20 GeV ut to a 50 GeV ut. An inrease 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�et is mostly due to the resolution on the jet energies ; when applyinga ut on their momenta, one selets jets with a high energy utuation and rejets jets with alow energy utuation. This leads to a shift of the mass towards higher values.
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Figure 19: Hadroni W purity as a funtion of the pT -jet ut, for a one jet size equal to 0.4
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Figure 20: b purity as a funtion of the pT -jet ut, for a one jet size equal to 0.4
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Figure 21: Top purity as a funtion of the pT -jet ut, for a one jet size equal to 0.4
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Figure 22: Final eÆieny as a funtion of the pT -jet ut, for a one jet size equal to 0.4
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Figure 23: Energy alibration fator of b-jets, for di�erent one sizes 1 � jetaj � 1:4
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Figure 24: Energy alibration fator of light jets, for di�erent one sizes, and 1 � jetaj � 1:4
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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 eÆieny as a funtion of the pT jet ut, for several one jet sizes
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Figure 30: Reonstruted top mass (one size 0.4 and pT ut = 40 GeV) as a funtion of the light jet energy sale
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Figure 31: Shift of the top mass distribution due to the eletroni noise in the alorimeters
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Figure 32: Reonstruted mass as a funtion of the ut on the jet transverse momenta. Blue dots are for the fullsimulation and reonstrution, red dots for a toy simulation.
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Part IIITop mass measurement using thesemi-leptoni top deayIn this part we will present an independent study of the semi-leptoni top deay using the same�ltered events used for the hadroni top deay in the previous setions. If not mentionnedotherwise, we use events generated with a top mass of 175 GeV=2.8 The neutrino energy reonstrution8.1 Study of the missing transverse momentumIn order to reonstrut 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 perfet alorimeter and in the absene of non-interatingpartiles (eg neutrinos) or partially ontained partiles (eg muons). For the latter we use themuon spetrometer 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 projetion on the X and Y axes of minus the sum overalorimeter ell energies, using the H1 alibration.� P�x and P�y are the projetion on the X and Y axes of the sum of the reonstruted muonmomenta.In order to hek the neutrino px and py resolution we ompute (as reommented in the CBNTdoumentation for ATHENA 7.0.0) the quantities:Pmissx � (ETrueFullx � TrueP �x )Pmissy � (ETrueFully � TrueP �y )where:� ETrueFullx and ETrueFully are the projetion on the x and y axes of ��!ET , the vetor sum ofall true energy deposits in the alorimeter.� TrueP�x and TrueP�y are the projetion 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 projetions of the transverse missingmomentum for the ase where we seleted only top-antitop events ouring with exatly one semileptoni deay. The obtained resolution is around 16 GeV= and the mean value is lose to zeroin both diretions. 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 alulation. 29
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Figure 33: Missing transverse momentum, along X, in t�t events with exatly one top semi-leptoni deay.
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8.2 The lepton-missing pT transverse massConsidering events with exatly one isolated lepton of pT > 20 GeV=, we form the leptonitransverse mass using the usual formula and negleting partile masses:Mt = q(2: � (E�t �Elt � (p�x � plx + p�y � ply)))Figure 35 and Figure 36 show the obtained transverse masses for eletron and muon eventswhih have to be ompared to the expeted 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 Jaobian peak is due to events with more than one neutrino (top semi-leptoni deayfollowed by a b semi-leptoni, or double semi-leptoni top deays).
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Figure 35: Reonstruted transverse mass for events with one isolated eletronSeleting the events whih have only one top semi-leptoni deay 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 eletron and muon events (�gure 39 and �gure 40) we observe thatthe transverse mass shift is 1 GeV=2 larger for muon events than for eletron events. In orderto investigate this o�set we ompute the di�erene of the missing pT, pmissT , and the pT of thegenerated neutrino, p�T as a funtion of the missing pT. As one an see on �gure 41, there is astrong dependene on pmissT , but an independene on the type of lepton. Therefore, we use thesame orretion of pmissT for both type of events. In order to translate this orretion to missingpx and missing py, we orret the pmissT amplitude but we keep the diretion obtained beforeorretion. We have also investigated the alibration of the leptons. Figure 42 and �gure 43show the resolution on the eletron and muon momenta. It is learly visible that eletrons arenot perfetly alibrated. Figure 44 shows the reonstruted eletron energy minus true eletronenergy as a funtion of the reonstruted energy. This mis-alibration, known to exist in version7.0.0 of ATHENA, is due to the fat that the alibration was performed for photons. Correting31
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-200 -150 -100 -50 0 50 100 150 200
0

100

200

300

400

500

600

Mt-Mt True for events with 1 semi leptonic decay h_MtRes1Semi
Entries  27890

Mean     8.01

RMS     28.02

Underflow       6

Overflow       63

 / ndf 2χ  161.1 / 57

Constant  5.4± 584.4 

Mean      0.135± 2.972 

Sigma     0.14± 16.21 

Mt-Mt True for events with 1 semi leptonic decay

Figure 38: Reonstruted transverse mass resolution for events with one top quark semi-leptoni deay.33



-200 -150 -100 -50 0 50 100 150 200
0

50

100

150

200

250

300

Mt-Mt True for electron events with 1 semi leptonic decayh_MtRes1SemiElec
Entries  14604

Mean    7.289

RMS     28.12

Underflow       3

Overflow       14

 / ndf 2χ  115.2 / 57

Constant  3.8±   299 

Mean      0.192± 2.423 

Sigma     0.21± 16.57 

Mt-Mt True for electron events with 1 semi leptonic decay

Figure 39: Reonstruted transverse mass resolution for events with one top quark semi-leptoni deay and oneisolated eletron.

-200 -150 -100 -50 0 50 100 150 200
0

50

100

150

200

250

300

Mt-Mt True for muon events with 1 semi leptonic decayh_MtRes1SemiMuon
Entries  13286

Mean    8.805

RMS     27.88

Underflow       3

Overflow       49

 / ndf 2χ  100.3 / 57

Constant  3.8± 285.4 

Mean      0.188± 3.498 

Sigma     0.20± 15.72 

Mt-Mt True for muon events with 1 semi leptonic decay

Figure 40: Reonstruted transverse mass resolution for events with one top quark semi-leptoni deay and oneisolated muon.34



PtMiss (GeV/c)
20 40 60 80 100 120 140 160 180

P
tM

is
s-

P
tN

eu
t (

G
eV

/c
)

-8

-6

-4

-2

0

2

4

6

8

10

12

PtMiss-PtNeut vs PtMiss

PtMiss (GeV/c)
20 40 60 80 100 120 140 160 180

P
tM

is
s-

P
tN

eu
t (

G
eV

/c
)

-8

-6

-4

-2

0

2

4

6

8

10

12

Electron events

Muon events EM

Figure 41: pMissT � p�T as a funtion of pMissT for events with one top quark semi-leptoni deay.
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8.3 Reonstrution of the neutrino pzUsing the known W mass , the reonstruted lepton and the missing pT omponents we anwrite the W mass as a funtion 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 otherases we usually �nd two valid solutions (one with positive p�Rez and one with negative p�Rez ).Therefore, we have either two reonstruted 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 jaobian peak is widened. In our Wmass onstraint we therefore rejet all events having a transverse mass above the W mass. Partof these events an be reovered assuming p�Rez = 0 and imposing MReW below 100 Gev=2.The obtained p�Rez resolution seems rather reasonable (Figure 47). We deide to add theseevents to the sample for whih the W mass onstraint works. Around 46% of the events have areonstruted neutrino pz.
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9 The semi-leptoni top quark mass reonstrution9.1 Combining the leptoni W with a b quark jetTo reonstrut the top mass on the leptoni side, we have to assoiate the leptoni W with oneof the two possible b quark jets. To study the quality of the assoiation we will onsider allreonstruted leptoni W andidates. We have onsidered three assoiation 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 whih maximises the Pt ofthe top quark. The obtained b jet assoiation purity is omparable to the one of the hadroniside.
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Figure 48: B jet assoiation purity on the semi-leptoni deay top quarks as a funtion of ut on jet pT .
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9.2 Results on the reontruted 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 reonstruted mass improves by 1:4 GeV=2and the resolution is of the order of 17 GeV=2. The dependene 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 sine there is only one jet entering the mass omputation. Nevertheless the widthis muh larger and the mass stays systematially below the generated one. Figure 52 showsthe obtained event seletion eÆieny as a funtion of the ut on the jet pT. The eÆieny isslightly higher than for the hadroni side.
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Figure 49: Reonstruted 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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9.3 Sensitivity to generated top quark massIn this setion we present the reonstruted semi-leptoni top quark mass for three di�erentgenerated masses (160 GeV=2, 175 GeV=2 and 190 GeV=2). The dependene of the reon-struted mass on the jet pT ut observed at 175 GeV=2 has not been orreted. Figure 53 showsthe reonstruted semi-leptoni top quark mass (onsidering all ombinations) as a funtion ofthe generated mass for a jet pT ut of 40 GeV=. We observe that the systemati negative biasinreases with the generated mass. In priniple part of this e�et as well as the dependene onthe jet pT ut an be orreted using a toy Monte-Carlo like ATLFAST. This study remains tobe performed.
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Figure 53: Reonstruted semi-leptoni top quark mass (onsidering all ombinations) as a funtion of the gener-ated mass for a jet pT ut of 40 GeV=.
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Part IVCombining both top deaysIn this part we try to improve on both top mass measurements by ombining the hadroni andthe semi-leptoni top quark deays. The goals are �rst to solve the semi-leptoni side ambiguityand seond to improve on the b jet assoiation purity on both sides. We �rst proeed 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 reonstrut the top masses we have to assoiate 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�erene between the hadroni and the semi-leptoni sides. We have onsidered thethree following methods to assoiate 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�erene of the seleted top pairs shown on �gure 54 is well enteredat zero with a sigma of the order of 23 GeV=2. This an be done beause the massresolution is muh 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 beenreonstruted the hadroni mass is still kept.� 3) We �rst use method 2. If we have a onit in the b quark jet assoiation (one b jetis used twie) or if the mass di�erene is really large (above 70 GeV=2) we onsider thatthe assoiation 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 deaysas a funtion of the ut on the jet pT. It is learly visible that on the hadroni side the �rstmethod is the most eÆient 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 reonstruted top quark massFigure 57 shows the reonstuted top quark masses for both types of top quark deays as afuntion of the ut on the jet pT. The behaviour of the reonstruted top mass as a funtionof pT is di�erent on both sides but at high pT jet ut the masses beome omparable. Thissystemati di�erene 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 deayand 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 funtion of the generated mass. The reonstruted massesbehave linearly with the generated mass but with a di�erent slope for the hadroni deay thanfor the leptoni one. Trying to investigate the origin of this di�erene we have varied both themissing pT and lepton pT uts without observing any signi�ant hanges. We suppose that thisdi�erene is intrinsi to the method and plan to investigate further using a toy Monte-Carlosimulation.
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Figure 57: Hadroni and semi-leptoni reonstruted top quark masses using methode 3 as a funtion of the uton the jet pT .
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Part VConlusionWe studied the top mass reonstrution in t�t ! l�bjjb events using full simulation andreonstrution of this proess. Both the l�b and jjb deays were onsidered, for �ve generatedtop masses (160, 170, 175, 180 and 190 GeV/2). A few soures 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 statistial error on the top mass after one week at1033 m�2 s�1 is 0.4 GeV/2 (0.9 GeV/2). The statistial unertainty will quikly beomenegligible ompared to the unertainties related to the jet sale determination, whih amountto 600 MeV per perent misalibration for b jets, and to 200 MeV per perent misalibrationfor light jets.In both deay modes, the reonstruted mass exhibits a dependene with the ut on the jetenergies due to resolution e�ets. However, with a �xed ut at PT = 40 GeV/ and if the jetenergies are properly alibrated, the mass reonstruted in the hadroni side is very lose to thegenerated mass, for the full mass range.In the semi-leptoni side, the reonstruted mass tends to be smaller than the generatedmass. Although this e�et remains to be understood, the leptoni side an be used to inreasethe purity of the b assoiation on the hadroni side.This analysis will be redone with ATHENA 10.0.1, whih will allow in partiular to use amore realisti b-jet tagging, and to study the impat of jet alibration in more detail.
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Part VIAnnex12 Appendix 1: Eletron identi�ation.In order to identify eletrons we onsider eletron-gamma andidates and hek the additionalriteria de�ned below.Looking into the CBNT e-gamma data blok, we �rst selet lusters having the eg IsEMag set to zero. This guarantees that both the longitudinal and the lateral shower pro�les areompatible with an eletromagneti shower. Then we request that at least one reonstrutedtrak is found in front of the luster. Finally we ut on the distane between the luster and thelosest trak both in eta and phi. Beause of the magneti �eld the bremstrahlung e�ets arisesalways only on one side in phi of the luster. For this reason the e-gamma data blok ontainsthe signed trak-luster phi di�erene (Figure 62) and our identi�ation ut is asymmetri.In order to de�ne the trak-luster mathing uts we have generated single eletron samplesfor di�erent energies. The �� ut has been studied as a funtion of the eletron energy suhas the eÆieny stays onstant at 95% (Figure 63). The �� ut has been studied as a funtionof the eletron transverse energy suh as the ut on both sides has a 95% onstant eÆieny(Figure 64 and Figure 65).The e�et on the eletrons identi�ation eÆieny of the previous uts is shown on Figure 66.The large drop at low energy is mainly due to the fat that the eletrons 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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Figure 62: Signed distane trak-luster in phi for eletrons having a transverse energy between 7 GeV/ and 9GeV/.54
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Figure 63: Delta eta eletron identi�ation ut as a funtion of the eletron energy.
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Figure 64: Positive delta phi eletron identi�ation ut as a funtion of the eletron transverse energy.55
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Figure 65: Negative delta phi eletron identi�ation ut as a funtion of the eletron transverse energy.
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Figure 66: Eletron seletion ombined eÆieny for the di�erent uts as a funtion of the eletron energy.56
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