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B lifetime measurement using exclusively reconstructed hadronic B Decays1
1 IntroductionWe measure the B� and B0/B0 lifetimes as well as their ratio using events that contain onefully reconstructed B candidate. The data sample consists of 7:4 fb�1 of e+e� collisionscollected near the � (4S) by the BABAR detector in 2000.We fully reconstruct clean hadronic two-body decay modes to hidden and open charm.Full reconstruction of the B mesons bene�ts from powerful constraints that can be used todistinguish charged Bs from neutral Bs. The individual lifetimes of the two species can bemeasured separately, rather than an average \B lifetime".An inclusive technique is used to reconstruct the decay vertex of the second B in an event,and the lifetimes are determined from the distance between the decay vertices of the twoB mesons. This novel method, developed for use at an asymmetric B Factory, deals withevent topologies similar to those in measurements of time-dependent CP asymmetries. Inthe latter analyses, the distance between the two decay vertices is used to follow the time-dependence. The measurement of B lifetimes using this novel technique is a signi�cant steptowards CP violation analyses.The simple spectator quark decay model predicts equal lifetimes for charged and neu-tral B mesons. Di�erences in the lifetimes can arise, e.g. from non-spectator e�ects likeweak annihilation and W exchange. Because the b quark is signi�cantly heavier than thec quark, the expected di�erence of the two B meson lifetimes is much smaller than thatobserved for their charmed counterparts (�D+=�D0 ' 2:5 [1]). Various models, e.g. [2, 3],give di�erent predictions for a lifetime di�erence of up to 20 %. At present, the world av-erages for the B lifetimes and their ratio are [4, 1]: �0=1.548�0.032 ps; ��=1.656�0.025 ps;��=�0=1.062�0.029. These numbers are the combined results from several experiments atSLC, LEP and CDF. The precision is not yet su�cient to make a meaningful distinctionbetween di�erent models. The BABAR experiment will eventually reach an interesting levelof statistical precision for results obtained with a di�erent method and di�erent systematicerrors.The method used to determine the B meson lifetimes is outlined in section 2 and thedetector components most relevant to this measurement are reviewed in section 3. B re-1Editors: J.Chauveau, Chih-hsiang Cheng, D.Kirkby, F. Mart��nez-Vidal, C. Roat and J. Stark.



construction, the candidate selection criteria used and the signal yields are described next(section 4). The measurements of the decay vertices of the two B mesons in each selectedevent are discussed in section 6. Thorough studies of the resolution on the distance betweenthe two vertices are presented. They are necessary to disentangle the e�ects of the B life-times and the experimental resolution. The �tting procedure used to extract the B lifetimesfrom our sample of neutral B mesons and our sample of charged B mesons comes next (sec-tion 8). The results are given in section 10. Consistency checks are described in section 11and systematic uncertainties are discussed in section 12.2 The decay length di�erence techniqueAt an asymmetric B Factory the � (4S) decay products are Lorentz boosted and y longenough for their ight paths to be comparable to the experimental resolution. Since nocharged stable particles emerge from the � (4S) decay point, we determine the B lifetimesfrom the di�erence between the decay lengths of the two B mesons in an event.The z axis of the BABAR coordinate system is de�ned to be parallel to the magnetic �eld in thesolenoid [5]. Suppose the boost of the machine was parallel to the z axis and the B mesonswere produced exactly at threshold in � (4S) decays. The B momenta in the � (4S) restframe would be zero. De�ne zrec and zopp as the z coordinates of the decay points of thefully reconstructed and the oppositeB, respectively. We call �z = zrec�zopp the signed decaylength di�erence. Under the above assumptions, j�zj is distributed exponentially with anaverage of hj�zji = (�)Bc�B = p(4S)=M(4S). Complications arise from several e�ects. Theaxis of the PEP-II beams is tilted by 20 mrad with respect to the z axis [5], and the energiesof the beams uctuate, giving the � (4S) momentum a gaussian distribution with a standarddeviation of 6 MeV=c [6]. Furthermore, the energy release in the � (4S)! BB decay makesthe B mesons move in the � (4S) rest frame. The latter e�ect has the highest impact on the�z distribution of our events, but all of these e�ects are small compared to the experimentalresolution on �z [6].The topology of the events is sketched in �gure 1. It is not drawn to scale. The openingangle between the trajectories of the B mesons is generally non-zero because of the energyrelease in � (4S)! BB, and it is always smaller than 214 mrad [7]. The ight paths are ofthe order of 260 �m and the errors on zrec and zopp are usually of the order of 50 �m and150 �m, respectively.In the present analysis we work with �z, i.e. the di�erence of the projections of thedecay paths on the z axis. Therefore we use (�z)B instead of (�)B. � is the length of theboost vector ~� and �z is the projection on the z axis.  describes the time dilatation and iscalculated using the full length �. We use (�z)� (4S) as an approximation for (�z)B. Theaverage boost ~�� (4S) of the centre-of-mass frame is measured on a run by run basis using2-prong events [8].This procedure automatically takes into account a systematic tilt of the beam axis withrespect to the z axis. We fully reconstruct one of the two B mesons per event and have arun by run determination of the � (4S) momentum. We could therefore take into account the2
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Figure 1: Event topology. The �gure is not drawn to scale (see text).e�ect of the energy release in � (4S)! BB by calculating (�z)B for each B individually, butthe systematic error introduced by our approximation is small (see section 12.8). Figure 2shows the theoretical �z distribution for two extreme cases: ight direction of the two Bsorthogonal to the z axis in the centre-of-mass frame, and both Bs ying along the z axis inthe centre-of-mass frame.3 Detector and data setThe data used in this analysis were collected with the BABAR detector at the PEP-II storagering in the period January - June, 2000. The total integrated luminosity of the data setis 7.4 fb�1 collected near the � (4S) resonance and 0.9 fb�1 collected 40 MeV below the� (4S) resonance (o�-resonance data). The corresponding number of produced B �B pairs isestimated to be 8:4� 106.The BABAR detector is described elsewhere [9]. For this measurement, the most importantsubdetectors are the silicon vertex tracker (SVT) and the central drift chamber (DCH) whichprovide tracking and the electromagnetic calorimeter (EMC) from which photons and �0sare reconstructed. The charged particle momentum resolution is approximately (�pT=pT )2 =(0:0015 pT )2 + (0:005)2, where pT is in GeV=c. The SVT, with a typical single-hit resolutionof 10�m provides vertex information in both the transverse plane and in z. The precision oncharged particle momenta, neutral particle energies and spatial coordinates from the trackingand calorimetry lead to resolutions on invariant masses and other kinematical quantitieswhich allow a clean separation of the complex decay trees we reconstruct (see section 4).Impact parameter resolutions in the transverse plane are ' 50�m at high momentum, and3



Figure 2: Theoretical �z distribution for �B = 470 �m and (�)� (4S) = 0.556. The solidcurve is for a purely transverse � (4S) decay. The dashed line is for a decay with (�)rec =0:497 and (�)tag = 0:615.better than 100 �m for pT > 0:6 GeV=c in the longitudinal (z) coordinate.Particle identi�cation facilitates the reconstruction of complex decay modes and of decaysto J= �nal states. Leptons and hadrons are identi�ed using a combination of measurementsfrom all the BABAR components, including the energy loss dE=dx using a truncated meanof 40 samples (maximum) in the DCH and 5 samples in the SVT. Electrons and photonsare identi�ed in the barrel and the forward regions by the CsI electromagnetic calorimeter(EMC). Muons are identi�ed in the instrumented ux return (IFR). In the central polarregion, the Cerenkov ring imaging detector (DIRC) provides > 3� kaon identi�cation forB decay products in the high momentum range where dE=dx is no longer sensitive.4 B reconstructionThe �rst step of this analysis is the reconstruction of B candidates. In section 4.1 we listthe decay modes we reconstruct. The reconstruction procedure and the selection criteria weuse are described in detail in other BABAR analysis documents [10, 11, 12]. In section 4.2 wejust give a brief summary that focuses on a few aspects that are most relevant to the lifetimemeasurements. The �nal sample of reconstructed B candidates is described in section 4.3.
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4.1 Decay modes reconstructedThe modes we reconstruct are listed in table 1. Here, and throughout this document, weuse the convention that a particular candidate state also implies the charge conjugate stateis included. In the same way, reference to a decay chain likeB0 ! D�+��;D�+ ! D0�+;D0 ! K��+also implies the charge conjugate decay chain is included.The modes we reconstruct are clean two body decays to states that include either a charmedmeson or a charmonium meson. The mesons including a c quark are reconstructed in theircleaner decay modes.As B branching fractions tend to be small and the D or J= branching fractions furtherreduce the yield for a given decay chain, we need to \add many drops in the bucket". Wereconstruct 20 B0 decay chains, including 2 that contain a J= . In addition, we reconstruct12 B+ decay chains, including 4 that contain a J= or a  0 .4.2 Reconstruction techniques� PID for kaons� mass cuts on intermediate states� cut on �m for D�s, �t with beam spot contraint, blow up beam spot� vertex �2 for a+1 , K0S , D0, D+� kinematic �ts for �0s� Bremsstrahlung recovery for J= � variables for B reco: �E = E�meas � E�beamm2ES = (E�beam)2 � Xi ~p �i !2� remove overlap, �E criterion� background �ghting{ R2{ thrust angle for less clean modes� background �tting: Argus function [13]� de�nition of purity (inside 2�) 5



4.3 Sample compositionThe substituted mass spectrum of our sample of B0 candidates is shown in �gure 3. A �tto the sum of the Argus background function plus a gaussian is superimposed. From this�t, we estimate the number of signal candidates as 2210 � 58, with a purity of ' 89%.The corresponding plot for the B+ sample is shown in �gure 4. The number of signal candi-dates is 2261�53 with a purity of' 92%. The yields for each decay mode are listed in table 2.We run the same reconstruction and selection procedure on all available generic MonteCarlo [14]. The substituted mass spectra, including a break-down of the di�erent contribu-tions to the background are shown in �gures 5 and 6.
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Figure 3: Substituted mass spectrum of the candidates in our B0 sample.5 Semileptonic B reconstructionThe details of the multistep data reduction procedure are given in another BAD document[12]from the B reco analysis working group. The characteristics of the reconstructed Brec modesare detailed in section 5.3.
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�B0 D�+��; D�+ ! D0�+ D0 ! K��+D0 ! K��+�0D0 ! K0S�+��D0 ! K��+���+D�+��; D�+ ! D0�+ D0 ! K��+�� ! �+�0 D0 ! K��+�0D0 ! K0S�+��D0 ! K��+���+D�+a�1 ; D�+ ! D0�+ D0 ! K��+a�1 ! �0(! �+��)�+ D0 ! K��+�0D0 ! K0S�+��D0 ! K��+���+D+�� D+ ! K��+�+D+ ! K0S�+D+�� D+ ! K��+�+D+ ! K0S�+D+a�1 D+ ! K��+�+D+ ! K0S�+J= K�0; J= ! `+`� K�0 ! K+��B� D0�� D0 ! K��+D0 ! K��+�0D0 ! K0S�+��D0 ! K��+���+D�0��; D�0 ! D0�0 D0 ! K��+D0 ! K��+�0D0 ! K0S�+��D0 ! K��+���+J= K�; J= ! `+`� 0K�;  0 ! J= �+��J= ! `+`�Table 1: Reconstructed decay chains.
7
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Figure 4: Substituted mass spectrum of the candidates in our B+ sample.

Figure 5: Substituted mass spectra of selected B0 candidates on generic Monte Carlo.8



Table 2: Two-body hadronic B0 and B� decay candidate yields and signal purities from the�t to the mSE distribution.Decay mode Number of B candidates S/(S+B) [%]B0 ! D���+ 552�26 92B0 ! D���+ 374�23 86B0 ! D��a+1 202�18 81B0 ! D��+ 537�25 92B0 ! D��+ 279�20 85B0 ! D�a+1 194�18 77B0 ! J= K�0 167�15 91B� ! D0�� 1528�43 90B� ! D�0�� 446�25 90B� ! J= , (2S)K� 294�17 99Total B0 2210�58 89Total B� 2261�53 925.1 Semileptonic chains5.2 Data reductionSummary of Breco BAD[12]5.3 Sample composition and reconstruction e�cienciesthe tables and �gures of this section will be added after the sl B reco BAD are out6 Vertex reconstruction and resolution functionThe next step after the reconstruction of the B mesons and the event selection is the recon-struction of �z, the observable we use as input to the lifetime �t. The event topology issketched in �gure 1 and the general strategy to measure the lifetime using �z was discussedin section 2.In measurements that use the decay length di�erence technique, it is more di�cult to disen-tangle the e�ects of the lifetime and the detector resolution than in analyses where both theproduction and decay points of the particle in question are measured. In the latter analyses,the true proper decay times are distributed exponentially. In theory there should be noevents at negative decay times. The negative part of the measured decay time distributioncontains valuable information on the detector resolution. The width of the negative parttells us about the resolution, the positive part contains the combined e�ect of resolution andlifetime. For the decay length di�erence �z, theory predicts a distribution that is symmetric9



Figure 6: Substituted mass spectra of selected B+ candidates on generic Monte Carlo.around �z = 0. The width of the distribution resulting from the convolution of the theoret-ical distribution with the resolution function carries information about the combined e�ectof the lifetime and the detector resolution. The information necessary to separate the twoe�ects is in the form of the distribution. A detailed understanding of the resolution functionis crucial for lifetime measurements using the decay length di�erence technique. We need tolearn as much as possible from data about the resolution function.In sections 6.1 and 6.3 we discuss the reconstruction of the vertices of the two B mesonsin an event. The �z resolution function is discussed in section 6.4. We isolate a zero lifetimecontrol sample that we use to study the resolution function in data. This is discussed insection 6.5.6.1 Vertex of the fully reconstructed BWe use the kinematic �tter GeoKin [15] to �t the vertex of the fully reconstructed B.GeoKin �ts complete decay trees, proceeding leaf by leaf. For example, to �t the decay treeB� ! D0��; D0 ! K��+, �rst a �t of the K��+ vertex is performed. Then the internaldegrees of freedom of the D0 candidate are frozen and a �t of the D0�� vertex is performed.Additional constraints are applied in these �ts. The masses of D0 and J= candidates areconstrained to the PDG values. This constraint does not improve the vertex resolution, butit facilitates the candidate selection as it improves the �E resolution (see section 4). Weconstrain the vertex of D�+ candidates to be compatible with the beam spot. In the �ts, we10



use 40 �m as estimate of the size in y of the beam spot. This constraint improves the �mresolution which also facilitates the candidate selection (see section 4). The decay verticesof short-living resonances (�+, a+1 , K�+, K�0, D�+ and J= ) are constrained to be identicalto the decay vertex of the B.The resolution on the vertex of the fully reconstructed B depends on the decay mode. Ta-ble 3 summarises values obtained from Monte Carlo for some typical decay modes. Theyrange from roughly 45 �m to 65 �m for each coordinate. The corresponding pulls arearound 1:1. The situation is slightly di�erent for the y coordinate for modes involving a D�+as we use the beam spot with a \blown up" estimate of its size. Our B selection criteriainclude the requirement that the kinematical �t of the decay tree has converged (section 4).The �2 probability distribution for Monte Carlo signal candidates in a characteristic modeis shown in �gure 7. Figure 8 shows the same distribution for data (candidates in the signalregion), all decay modes combined. We do not cut on the �2 probability.Mode �(xrec) �(yrec) �(zrec) pull xrec pull yrec pull zrecB0 ! D�+��; 45.3 � 0.4 27.2 � 0.2 45.0 � 0.4 1.12 � 0.01 0.93 � 0.01 1.06 � 0.01D�+ ! D0�+,D0 ! K��+B0 ! D�+��; 45.7 � 1.2 26.2 � 0.4 44.3 � 0.7 1.09 � 0.02 0.88 � 0.01 1.03 � 0.02D�+ ! D0�+,D0 ! K��+�+��B0 ! D�+��; 61.3 � 2.2 25.7 � 0.7 65.7 � 2.8 1.11 � 0.03 0.79 � 0.02 0.99 � 0.02D�+ ! D0�+,D0 ! K��+B0 ! D�+a�1 ; 46.0 � 1.8 25.4 � 0.1 48.3 � 1.7 1.13 � 0.04 0.85 � 0.03 1.07 � 0.04D�+ ! D0�+,D0 ! K��+B0 ! D+��; 51.4 � 0.8 53.1 � 0.7 45.4 � 0.6 1.10 � 0.01 1.09 � 0.01 1.02 � 0.01D+ ! K��+�+B� ! D0��; 53.0 � 0.4 53.8 � 0.5 48.6 � 0.5 1.11 � 0.01 1.13 � 0.01 1.04 � 0.01D0 ! K��+B� ! J= K�; 46.7 � 0.5 46.6 � 0.5 44.6 � 0.5 1.15 � 0.01 1.16 � 0.01 1.07 � 0.01J= ! e+e�=�+��Table 3: Resolutions (�m) on the 3 coordinates of the Brec vertex and the correspondingpulls for a few typical modes. A �t to two gaussians is used to estimate the resolutions andthe weighed mean of the two widths is quoted.
6.2 Vertex of the reconstructed B in semileptonic modes6.3 Opposite vertexWe use the VtxTagBtaSelFit algoritm [16, 17] to reconstruct the opposite vertex. This al-gorithm uses an inclusive technique to reconstruct the decay vertex of the opposite B. An11



Figure 7: �2 probability for the kinematic �t of the Brec decay tree for B0 ! D��+,D� ! K+���� (signal Monte Carlo).

Figure 8: �2 probability for the kinematic �t of the Brec decay tree for B candidates in thesignal region (data). Left plot: all B0 modes combined; right plot: all B+ modes combined.
12



inclusive approach is needed to maintain a high e�ciency. Complications can arise from thefact that we have to deal with secondary tracks that do not come directly from the oppo-site B, but from a long lived daughters of the opposite B.Starting from those tracks in the event that have not been used to reconstruct the Brec, Vtx-TagBtaSelFit proceeds iteratively to select the tracks to be used to �t the opposite vertex.To reduce the bias due to tracks from long lived daughters, we reconstruct as many V 0s aspossible and use these composite objects rather than their daughter tracks. Other secondarytracks are removed using a criterion based on their contribution to the �2 of the vertex �t.VtxTagBtaSelFit performs a �t of all input tracks and V 0s to a common vertex. In this�t, the fully reconstructed B is used as a \pseudo-track": from its reconstructed vertexand momentum, the beam spot position and size and from the � (4S) momentum we canget an estimate of the ight path of the opposite B (see �gure 1). This procedure uses allinformation about the global event. All tracks and V 0s that contribute more than 5=ndof tothe �2 of this global �t are rejected and the �t is repeated without them. This procedure isrepeated until the list of input objects reaches stability. VtxTagBtaSelFit is highly e�cientbecause the opposite vertex can be �t with just one direct track plus the \pseudo-track".For this particular analysis, however, we reject events in which only one track was used to�t the opposite vertex. The fraction of events with poorly reconstructed �z is higher in the\one track" case then in the others (see section 6.4.3).The residue (zopp)generated � (zopp)reconstructed for the z position of the opposite vertex aswell as the corresponding pull (zopp)generated�(zopp)reconstructed�(zopp) are shown in �gure 9. The signalMonte Carlo events used to make these plots contain a fully reconstructed B� ! J= K�.Fits to two gaussians are included in the plots. The resolution is 116�1�m and the residualbias is 26:3� 1:0�m (weighed means over the two gaussians). A histogram of the number oftracks plus V 0s used to �t the opposite vertex is shown in �gure 10.The distribution of the error on �z estimated event by event is shown in �gures 11 and 12.A �t to the Crystal Ball lineshape function is superimposed. The �2 probability is plottedin �gure 13. We require �(�z) < 400 �m and do not cut on p(�2). The reconstructione�ciency for the opposite vertex is xx % on Monte Carlo and xx % on data.6.4 Delta z resolution functionThe quality cuts applied after the �z reconstruction are summarised in table 4. We nowdiscuss some properties of the �z resolution function.The distribution of the �z residue �(�z) = (�z)reconstructed � (�z)generated and the dis-tribution of the corresponding pull �(�z)�(�z) are shown in �gure 9. Fits to the sum of twogaussians are superimposed on the histograms. From these �ts we estimate the �z resolu-tion as 130� 1 �m and the bias as 24:5� 1:0 �m (weighed means over the two gaussians).The width of the pull distribution is 1:21� 0:01 and the mean is 0:29� 0:01.13



Figure 9: Top plots: residue (left) and pull (right) for the reconstructed z position of theopposite vertex. Bottom plots: residue (left) and pull (right) of the reconstructed �z.
Figure 10: Number of tracks plus V 0s used to �t the opposite vertex. The points correspondto data, the histograms to Monte Carlo. Left: neutral Bs, right: charged Bs.14
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Figure 11: Event by event error on �z for B0/B0 events. Left: Monte Carlo, right data.
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Figure 12: Event by event error on �z for B� events. Left: Monte Carlo, right data.

add MC plotFigure 13: p(�2) for the global �t of B0/B0 events. Left: Monte Carlo, right data.15



�(�z) < 400 �mj�zj < 3000 �mntrack � 2Table 4: Quality cuts applied after �z reconstruction.

Figure 14: r = px2 + y2 vs. z for the origin of tracks coming from the opposite B or itsdaughters. r = 0; z = 0 is de�ned to be the decay vertex of the opposite B.6.4.1 ShapeFrom the �ts shown in �gure 9 and the �tted values quoted above we can see that the er-ror on the opposite vertex dominates the error on �z. The resolution on zrec is typically65 �m or better (table 3) and the resolution on zopp is 116 �m. The reconstruction of zoppis biased, resulting in a bias on �z. This bias comes from secondary tracks used in the�t of the opposite vertex that have not been removed by the procedure described above.The generator level distribution of the origins of all tracks coming from the opposite Bis plotted in �gure 14. The relative position with respect to the decay vertex is plotted.Because of the boost, the daughters of the opposite B have the tendency to go into theforward direction. This results in the asymmetric distribution shown in �gure 14. The e�ectof the secondary tracks is therefore not only to degrade the resolution on zopp, but also tobias the reconstruction. To illustrate this e�ect, we plot the �z residue after a cut at gen-erator level: we exclude all events that contain a D+, D0, D+s or K0S that ew more than30 �m in z (�gure 15). The �z resolution becomes 118 �m and the bias is reduced to 7:5 �m.The �z resolutions and pulls for di�erent Brec decay modes are shown in �gure 16. The16



Figure 15: �z residue (left) and pull (right) after cut at generator level: eliminate all eventsthat contain a D+, D0, D+s or K0S that ew more than 30 �m in z.distributions for di�erent decay modes of one B species (B0 or B+) are compatible. Thesame is true for the values of parameters extracted from �ts of two gaussians to these dis-tributions. We expect this behaviour as the error on �z is dominated by the error on theopposite vertex. We use only one single resolution function in the lifetime �t (see section 8)and not one per decay mode.The distributions for charged and neutral Bs are also compatible. A discussion of this e�ectcan be found in [20].The �z distributions measured in data and the Monte Carlo expectations are comparedin �gure 17.6.4.2 ParameterisationThe �z pull distribution (�gure 9) is not gaussian. We try di�erent parameterisations thatwe include into the likelihood function for the lifetime �t (section 8). Fits to the sum oftwo gaussians have already been shown above. This parameterisation uses �ve parameters:the fraction f of events in the narrow gaussian, the width s1 and the bias b1 of the narrowgaussian, and the width and bias of the wide gaussian (s2,b2). The fraction of events in thenarrow gaussian is large (' 80%) and we also try the approximation of one single gaussian.This parameterisation uses two parameters.Another parameterisation uses a gaussian with variable width and zero bias plus the samegaussian convoluted with a function that is zero for negative values and decreases exponen-tially for positive values. This parameterisation (\G+G
 E") uses three parameters: thefraction g of events in the central gaussian, the width s of the gaussian and the \lifetime" �r17



Figure 16: �z residue (left) and pull (right) for di�erent decay chains of the fully recon-structed B. Black: B� ! J= K�, red: B� ! D0��, green: B0 ! D+�� and blue:B0 ! D�+��.
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Figure 17: Comparison of �t distributions for events in the signal region in the data (points)and generic Monte Carlo (red histogram; background contribution in blue). Left: neutral Bs,right: charged Bs. For this plot: �z ! �t and sign ipped. Equivalent as discussed insection 8. Eventually the whole BAD will be changed.18



g s �rB� ! J= K� 0:678� 0:015 1:033� 0:008 0:956� 0:035B� ! D0�� 0:644� 0:020 1:008� 0:010 0:833� 0:037B0 ! D+�� 0:637� 0:031 1:019� 0:017 0:914� 0:062B0 ! D�+�� 0:666� 0:017 1:047� 0:010 1:024� 0:041Table 5: Fits of the \G+G
E" parameterisation to the di�ent pull distributions in �gure 16.of the exponential. The results of �ts of the \G +G
 E" parameterisation to the �z pullobtained for di�erent Brec modes (right plot in �gure 16) are summarised in table 5.The results of �ts using the three di�erent parameterisations are plotted in �gure 25. The�tted values for the three sets of parameters and the �2 values are given in table 8. The�2 values indicate that the two gaussians reproduce the pull distribution well. The �2 for\G + G 
 E" is slightly worse and the �2 for one single gaussian is high, mainly becausethis parameterisation \has di�culties in reproducing the tail at positive pulls". Lifetime �tswith these parameterisations are discussed in section 8.5.6.4.3 OutliersPlots and numbers given here include the \one track" case. Discuss this particular case.The last plot in �gure 9 shows the �t of two gaussians to the �z pull for a sample of20k reconstructed events. From the �t we would expect of the order of one event outside theregion �9 � pull(�z) � 12. This is roughly the region within 5 sigma from the centre ofthe wide gaussian. We observe 40 events outside, which corresponds roughly to 0:2 % of theevents. These outliers, some of which are o� by as much as 10 sigma, are not reproducedby our parameterisation of the resolution function. If not properly accounted for in thelifetime �t, this small fraction of events can introduce a bias on the �tted lifetime of theorder of 1 % [20].Figure 18 shows the error on �z estimated event by event as a function of the residue. Theevents outside �9 � pull(�z) � 12 are located between the residue axis and the two solidlines. The reconstructed �z for these events is shown in �gure 19.6.5 Control sampleMost of the knowledge on the resolution function comes out of necessity from the SP3 MonteCarlo. Cross checking the resolution function on a real data sample is very much needed.The control sample that has been made comes from inclusive D� from continuum c�c eventswhere one D� is fully reconstructed and selected to lie in the backward direction (cos�D� < 0).The topology of the control events is sketched on Figure 20. Having set aside the tracksfrom the fully reconstructed D�, the remainder of the event (fragmentation tracks + charmprongs) can be subjected to the VtxTagBtaSelFit algorithm. One expects to �nd a no ightdistribution smeared with a resolution function which mimics that for �z in B�B events.19



Figure 18: Error on �z estimated event by event as a function of the residue. The eventsoutside �9 � pull(�z) � 12 (outliers) are located between the residue axis and the two solidlines.

Figure 19: �z for events outside �9 � pull(�z) � 12 (outliers).20



That was checked with SP3 Monte Carlo (Figure 21). The parameters of the 3 parameter �ton the real data �z distribution (residue and pull assuming average is =0) from the controlsample is shown on Figure 22. The agreement is fair given the low statistics of the sampleson hand. The agreement between the pull distributions is the most satisfactory.

Figure 20: Topology of the events in the control sample.6.6 Event displaysSome displays of typical events are in the works (WIRED).Figure 21: (a) Distance between vertices for continuum events with a backward goingfully reconstructed D� in SP3. 5 parameter �t results: bias-1=46�7 mum, �-1= 124�6�m, bias-2=262� 148�m, �-2=620� 214 �m and fraction in the narrow gaussian = 76 �4%. (b) Corresponding pull distribution assuming average is zero. 3- parameter �t results:�p=0.92�0.04, �p=1.10 � 0.17 and fp=46 � 8 %.
21



Figure 22: (a) Distance between vertices for continuum events with a backward going fullyreconstructed D� in the data (0.966 fb�1). 5 parameter �t results: bias-1=36�8 mum, �-1=127�10 �m, bias-2=196� 43�m, �-2=317� 31 �m and fraction in the narrow gaussian =67 � 7%. (b) Corresponding pull distribution assuming average is zero. 3- parameter �tresults: �p=1.01�0.04, �p=1.34 � 0.16 and fp=47 � 6 %.7 Vertex reconstruction for semileptonic events7.1 Vertex of the reconstructed B in a semileptonic mode7.2 Opposite vertex.......... di�erences in the case of the sl events .........7.3 Delta z resolution function....7.3.1 Outliers.............. di�erences in the case of a semileptonic B7.4 Control sample8 Lifetime �tting procedureThe measurement technique has been outlined in section 2. We reconstruct �z and extractthe B meson lifetimes from the �z distribution of the selected events using an unbinnedmaximum likelihood �t. As discussed in section 2, in this �t we use an average value for(�z)B of the B candidates. It is impossible to calculate the di�erence �t of the proper decaytimes of the two B mesons in an event from �z [19]. The exact calculation of �t requiresthe knowledge of the common production point of the two B mesons. Using an average valuefor (�z)B can be seen as making an approximate calculation of �t. One could equivalentlydescribe our �t in terms of this approximate �t instead of �z.The present section describes the unbinned maximum likelihood �t. The �z probabilitydensity function (PDF) for one event is a sum of three contributions. One to model the sig-nal events in our data sample, one for the background and one for outliers (see section 6.4.3).The signal contribution is discussed in section 8.1, and the background in section 8.2. Themodelling of outliers is discussed in section 8.3. Section 8.4 shows how we determine thesignal probability for each event and how we use it to weigh the two contributions to obtainthe full PDF and calculate the likelihood function. Section 8.5 summarises checks of the�tting procedure that we perform on Monte Carlo.22



8.1 Signal modellingThe theoretical �z distribution is plotted in �gure 2. It is given by two exponential wings:�(�z) = 8<: 1�B((�z)rec+(�z)opp) � exp � 1�B(�z)rec ��z� �z � 01�B((�z)rec+(�z)opp) � exp �� 1�B(�z)opp ��z� �z > 0 ;where (�z)rec describes the boost of the fully reconstructed B. As discussed in section 2, is calculated taking into account all three components of ~�. (�z)opp is the correspondingquantity for the opposite B. In the �t we make the approximation (�z)rec = (�z)opp =(�z)� (4S), see section 2.To obtain the PDF �(�z) for the reconstructed �z in a given event number i, we con-volute the theoretical distribution �(�z) with the resolution function R(�(�z); �i), where�(�z) denotes the residue and �i the error on �z, estimated event by event.�(�z) = Z 1�1 � ��z� � R ��z ��z; �i� d ��z�As discussed in section 6, the residue is not normally distibuted. We assume a certain func-tional form for R(�(�z); �i) that contains additional parameters. These parameters will belet free in the �t for �B to avoid extracting their values from Monte Carlo. In section 6 we sawthat we need to introduce enough free parameters to give our function the exibility to re-produce the e�ect of measurement errors. The parameters in the resolution function tend tobe strongly correlated to �B. Fitting simultaneously for correlated parameters increases thestatistical error on all parameters. Quantitative examples of this e�ect can be found in sec-tion 8.5. A trade-o� between statistical and systematic errors needs to be made. The choiceof the parameterisation that minimises the total error depends on the size of the data sample.We try di�erent parameterisations of the resolution function. One of them uses two gaus-sians:R(�(�z); �i; f; s1; b1; s2; b2) = f � 1p2� � �is1 � exp��(�(�z)� �ib1)22�2i s21 �+(1� f) � 1p2� � �is2 � exp��(�(�z) � �ib2)22�2i s22 �It contains �ve parameters: the fraction of events in the �rst gaussian (f), the width (s1)and mean (b1) of the �rst gaussian and the width (s2) and mean (b2) of the second gaussian.With this parameterisation we obtain�(�z) = f � (c1(s1�i; b1�i) + c2(s1�i; b1�i))+(1� f) � (c1(s2�i; b2�i) + c2(s2�i; b2�i))23



with c1(s; b) = 12�B � 1(�z)rec + (�z)opp� exp� s22� 2B � (�z)2rec + 1�B(�z)rec � (b��z)�� erfc� sp2�B(�z)rec + b��zp2s � ;c2(s; b) = 12�B � 1(�z)rec + (�z)opp� exp� s22� 2B � (�z)2opp + 1�B(�z)opp � (�z � b)�� erfc� sp2�B(�z)opp + �z � bp2s �and erfc(x) = 2p� Z 1x exp(�t2) dt :A di�erent parameterisation uses one gaussian with variable width and zero bias plus thesame gaussian convoluted with an exponential:R(�(�z); �i; g; s; �r) = g � 1p2� � �is � exp��(�(�z))22�2i s2 �+ (1� g) � 12 � �i�r � �exp� s22� 2r � �(�z)�i�r � � erfc� sp2�r � �(�z)p2 � �is�� :It contains three parameters: the fraction g of events in the central gaussian, the width s ofthe gaussian and the \lifetime" �r of the exponential. Using this parameterisation we obtain�(�z) = g � (c1(s�i; 0) + c2(s�i; 0))+(1� g) � (c3(s�i; �r�i) + c4(s�i; �r�i) + c5(s�i; �r�i) + c6(s�i; �r�i))with c3(w; �) = 12 � 1�B � ((�z)rec + (�z)opp) + � �1 + (�z)opp(�z)rec �� exp� w22� 2B(�z)2rec � �z�B(�z)rec�� erfc� wp2�B(�z)rec � �zp2w�24



c4(w; �) = 12 � 1�B � ((�z)rec + (�z)opp) + � �1 + (�z)opp(�z)rec �� exp� w22� 2 + �z� �� erfc� wp2� + �zp2w�c5(w; �) = �12 � 1�B � ((�z)rec + (�z)opp)� � �1 + (�z)rec(�z)opp�� exp� w22� 2 + �z� �� erfc� wp2� + �zp2w�c6(w; �) = 12 � 1�B � ((�z)rec + (�z)opp)� � �1 + (�z)rec(�z)opp�� exp� w22� 2B(�z)2opp + �z�B(�z)opp�� erfc� wp2�B(�z)opp + �zp2w�The sum of c5(w; �) and c6(w; �) is the result of a convolution of two exponentials withnegative decay constants followed by a convolution with a gaussian. This sum, c5(w; �) +c6(w; �), contains a mathematical pathology at (�z)B�B ' � that arises from the convolutionof the two exponentials. The convolution of two functions of the form exp �� 1�1 � x� andexp�� 1�2 � x� results in a function of the form1�1 � �2 � �exp�� 1�1 � x�� exp�� 1�2 � x�� : (�)For j(�z)B�B � � j < 10 �m we substitute�m = (�z)B�B + �2� = (�z)B�B � �2and develop the function of form (*) to zeroth order in ��m . This results in a function of theform x� 2m � exp (�x=�m)25



which can readily be convoluted with a gaussian. This procedure givesc5(w; �) + c6(w; �) ' c7(w; �m)= 1p2� � � 2mw � exp� w22� 2m � �z�m ��"w2 � exp � 12w2 � �w2�m ��z�2!�r�2 � w � �w2�m ��z� � erfc� wp2�m � �zp2w�� :8.2 Background modellingWe extract most of the information on the background properties from events in the substi-tuted mass sideband. Figure 23 is a histogram of �z for events with a B0/B0 candidate inthe substituted mass region between 5:2 GeV and 5:25 GeV. All modes are combined andthe same cut on �E is applied as for the selection of signal events. The solid line representsthe result of an unbinned maximum likelihood �t of the functionB(�z; bB; �B; fpos; �pos; fneg; �neg) = (1� fpos � fneg) � 1p2��B � exp��(�z � bB)22�2B �+8<:fneg � 1�neg � exp� �z�neg� �z � 0fpos � 1�pos � exp ���z�pos � �z > 0(gaussian plus independent exponential tails towards positive �z and negative �z) to the�z distribution of these sideband events.The background is essentially combinatorial with contributions from both bb and contin-uum events; in particular cc events which are an abundant source of real D and D� mesons.The background events from continuum tend to have small or zero \lifetimes", while back-ground events from bb can have \lifetimes" of the same order of magnitude as the B lifetimes.Because of the machine boost, the �z distribution of the background events is not neces-sarily symmetric around �z = 0. We let the mean of the gausian free in the above �t onthe sideband events and we do not force the positive and negative tails to be symmetric,i.e. have the same \lifetime" or fraction of events in them. This leads to a total of six freeparameters in B(�z; bB; �B; fpos; �pos; fneg; �neg): the mean bB and width �B of the gaussian,the fraction of events in the positive tail fpos and their \lifetime" �pos plus the correspondingtwo parameters for the negative tail (fneg, �neg).The results of the above �t are summarised in �gure 23. The errors on the �t parame-ters are large, but our goal is not the precise determination of some parameter describingsome background property. We only need a �tted function that reproduces the background�z distribution. The mean of the gaussian is still consistent with zero within a large error.26



The parameters describing the two di�erent exponential tails are consistent; also within largeerrors. The \lifetimes" of the two exponentials are comparable to < (�z)B > ��B.The corresponding histogram of �z for events that contain a B� candidate in the substi-tuted mass sideband region is show in �gure 24. It shows the same features as the histogramfor B0/B0.In our maximum likelihood �t for �B, we use the same parameterisation B(�z; bB; �B; fpos;�pos; fneg; �neg) as in the independent �ts discussed above. All six parameters are free. In the�t for �B we do not explicitely distinguish between events in the signal region and sidebandevents. Instead, we assign a signal probability to each event depending on the substitutedmass of the fully reconstructed B candidate it contains. The sideband events still dominatethe determination of the parameters that describe the background, however.
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Figure 23: �z distribution for events in the substituted mass sideband. All B0/B0 modescombined. �2=ndof = 30:86=(40�6) = 0:91 calculated from binned histogram and the resultof the unbinned maximum likelihood �t.8.3 OutliersOur �z reconstruction quality cuts include the requirement that j�zj < 3000 �m (seetable 4). Between �3000 �m and 3000 �m, we use a wide gaussian with a �xed width of�out = 2500 �m and �xed mean of bout = 1000 �m to model the contribution of outliers to27
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Figure 24: �z distribution for events in the substituted mass sideband. All B� modescombined. �2=ndof = 30:80=(40 � 6) = 0:91 calculated from binned histogram and theresult of the unbinned maximum likelihood �t.the total �z distribution (�gure 19). We �t for the fraction of outliers fout.O(�z; bout; �out) = 22�erfc� 3000 �m�boutp2�out ��erfc� bout+3000 �mp2�out � � 1p2��out � exp�� (�z�bout)22�2out �8.4 Likelihood functionWe assign a signal probability psig;i to each event i. It is based on the substituted mass ofthe fully reconstructed B in the event and is derived from an independent �t of the Argusbackground function plus a gaussian to the substituted mass distribution of the fully recon-structed B candidates in our sample. One single �t to the substituted mass distribution of allB candidates of one species in our sample is performed, combining all modes. The puritiesfor di�erent modes that we reconstruct are di�erent. This additional information could beexploited by taking into account the decay mode of the B candidate when calculating psig;i.In this case, �ts to the substituted mass distributions for each mode need to be used. Thebackground also needs to be modelled for each mode separately. This is a re�nement thatcan be added easily once more statistics is available.
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The negative log-likelihood function that we minimise in the �t isL = �Xi logf[ psig;i � � ((�z)i; �i; ff; s1; b1; s2; b2g or fg; s; �rg) +(1� psig;i � fout) �B((�z)i; bB; �B; fpos; �pos; fneg; �neg) +fout �O((�z)i; bout; �out)] � �(�i)g ;where �(�i) is the distribution of the event by event errors on �z. We use a �t of the CrystallBall line shape function [18] to the distribution obtained for our data sample, see �gure xxxin section 6.The measured variables for a given event i are (�z)i, the associated error �i and the signalprobability psig;i. Both these input variables and the free parameters in the �t are sum-marised in table 6.At the present level of statistical precision, the resolution functions for neutral and chargedBs are compatible (section 6.4.1). We perform a combined �t to the �z distributions of ourtwo samples. The two �z distributions are not combined. They are �tted simultaneously,but separately and with di�erent sets of parameters to describe the background, the lifetime,etc. The only link between the two �ts comes from the use of the same values for the pa-rameters that describe the resolution function. Mathematically speaking, we minimise thesum of two terms of the form of L, which have a subset of parameters in common.8.5 Tests with Monte CarloWe implement the unbinned maximum likelihood �t described above using the tt RooFitToolspackage [21]. To test the implementation we generate sets of toy Monte Carlo samples forboth neutral and charged Bs with parameter values close to the ones we get from full MonteCarlo. We then use our �tting program to extract the lifetime.We generate 500 samples for each species and each parameterisation of the resolution func-tion. The input lifetime �gen and the average �tted lifetime ��t for the di�erent sets of samplesare listed in table 7. We observe a hint of a small negative bias for the �tted lifetimes ofboth species. We attribute it to numerical problems. We �t the lifetime pull distributions( ��t��gen��t ) to a single gaussian to check the estimated uncertainty on the �tted lifetime. Fromthe width of the pull distributions we conclude that the lifetime uncertainties are calculatedcorrectly (see table 7).We use a sample of 5k fully reconstructed signal Monte Carlo events (tt BBsim fullsimulation) for the decay chain B0 ! D��+; D� ! K+���� to compare di�erent parame-terisations of the resolution function. Figure 25 shows �ts of three di�erent functions to the�z pull distribution: a single gaussian and the two parameterisations described above. The�tted values for the three sets of parameters are summarised in table 8.We use our �tting procedure to extract the lifetime from these events, using a signalprobability of one for all events. We try both parameterisations of the resolution function29



Input variable Description(�z)i decay length di�erence�i uncertainty on decay length di�erencepsig;i signal probabilityParameter Description�B signal lifetimeResolution function:either f fraction of events in central gaussians1 width of central gaussianb1 mean of central gaussians2 width of wide gaussianb2 mean of wide gaussianor g fraction of events in central gaussians width of central gaussian�r \lifetime" of the exponential that models thee�ect of the charm ightBackground:bB mean of the gaussian�B width of the gaussianfpos fraction of events in the tail at positive �z�pos \lifetime" of the exponential that models the tail at positive �zfneg fraction of events in the tail at negative �z�neg \lifetime" of the exponential that models the tail at negative �zTable 6: Description of input variables for each event and �t parameters used in the unbinnedmaximum likelihood lifetime �t.Resolution function B species �gen ��t � pull mean � pull width(�m) (�m)G+G
 E B0/B0 470.0 468.9 � 0.7 -0.087 � 0.064 1.038 � 0.057B� 495.0 493.2 � 0.8 -0.126 � 0.050 1.103 � 0.039G1 +G2 B0/B0 470.0B� 495.0Table 7: Results of the lifetime �ts to toy Monte Carlo samples.30



(a) (b)

(c)

Figure 25: Fits of three di�erent functions to the �z pull: (a) a single gaussian, (b) agaussian centred at zero plus the same gaussian convoluted with an exponential, (c) twogaussians. The �tted values for the parameters are summarised in table 8.
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Single gaussian (\G") mean = 0.273 � 0.017width = 1.148 � 0.015 �2/ndof = 135.3/51Gaussian centred at zero plus g = 0.643 � 0.029the same gaussian convoluted with an s = 1.012 � 0.0164exponential (\G+G
E") �r = 0.936 � 0.062 �2/ndof = 62.8/50Two gaussians (\G+G") f = 0.808 � 0.047s1 = 0.998 � 0.032b1 = 0.204 � 0.025s2 = 1.931 � 0.143b2 = 0.819 � 0.139 �2/ndof = 40.0/48Table 8: Values of the parameters for the di�erent �ts plotted in �gure 25.described in section 8.1. For the �t of two gaussians to the pull distribution, the fractionof events in the wide gaussian is small (see table 8). We also try �xing this fraction atzero, i.e. using one single gaussian. For all three di�erent lifetime �ts we only take intoaccount events that satisfy �5 � pull(�z) � 8. The e�ect of outliers is discussed elsewhere(section 12.6). The results of the lifetime �ts are given in table 9. We repeat the three�ts �xing the parameters that describe the resolution function at the values obtained usingMonte Carlo truth and listed in table 8. The results of these �ts are also listed in table 9.We �rst discuss the results obtained with �xed resolution function. In this case the statisti-cal errors for the three di�erent parameterisations are roughly the same. The �2 values intable 8 indicate that the two gaussians give the most precise reproduction of the resolutionfunction. The other two parameterisations underestimate the width of the pull distribu-tion, either on the positive side or on the negative side. The e�ect is more pronounced forthe parameterisation using one single gaussian. Consequently, these two parameterisationssystematically lead to higher values for the lifetime than the �t with two gaussians. For\G+G
E" the di�erence is 1:5 �m (0.3 %), for \G" the di�erence is 6:3 �m (1.4 %).When we free all parameters, the statistical uncertainty on the lifetime increases as we si-multaneously �t for correlated parameters. The loss of precision is smallest for \G+G
E"and largest for \G+G".\G" gives neither better statistical nor better systematic errors than \G+G
E". We donot use \G" in this analysis. \G+G" gives the smallest systematic error, but we expect\G+G
E" to give the smallest total uncertainty for the relatively low statistics currentlyavailable.9 Lifetime �tting procedure (semileptonic modes)
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All parameters free Fixed resolution functionSingle gaussian (\G") �B = 482:0� 9:5 �m �B = 482:8� 7:4 �mmean = 0.28 � 0.04width = 1.16 � 0.09Gaussian centred at zero plus �B = 478:8� 8:2 �m �B = 478:0� 7:6 �mthe same gaussian convoluted with an g = 0:66 � 0:09exponential (\G+G
E") s = 1:03 � 0:10�r = 0:87� 0:20Two gaussians (\G+G") �B = 469:8� 11:38 �m �B = 476:5� 7:4 �mf = 0:83 � 0:14s1 = 0:96 � 0:17b1 = 0:26� 0:08s2 = 2:56 � 0:75b2 = 0:38� 0:48Table 9: Results of lifetime �ts on full Monte Carlo using three di�erent parameterisationsof the resolution function. The generated lifetime is 468 �m.10 Results of the �t to the dataParameters:1-5: mass spectrum B06-8: outliers B0(fraction in per mil)9-13: mass spectrum B+14-16: outliers B+(fraction in per mil)17: lifetime B018-20: resolution function21-24: error spectrum B025-30: background B031: lifetime B+32-35: error spectrum B+37-41: background B+MIGRAD MINIMIZATION HAS CONVERGED.MIGRAD WILL VERIFY CONVERGENCE AND ERROR MATRIX.COVARIANCE MATRIX CALCULATED SUCCESSFULLYFCN=95037.4 FROM MIGRAD STATUS=CONVERGED 871 CALLS 872 TOTALEDM=0.014851 STRATEGY= 2 ERROR MATRIX ACCURATEEXT PARAMETER STEP FIRSTNO. NAME VALUE ERROR SIZE DERIVATIVE1 endptB0 5.29000e+00 constant2 cB0 -3.44000e+01 constant3 bmassB0 5.27992e+00 constant4 bresnB0 2.77400e-03 constant5 fB0 4.85300e-01 constant6 outFracB0 2.42968e+00 2.02331e+00 3.83458e-01 4.27950e-037 outWidthB0 2.50000e+03 constant 33
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Summary:�(B0) = 453:3� 15:6 �m�(B0) = 482:2� 14:6 �mResolution function:g = 0:58� 0:15�r = 0:63� 0:19s = 1:39� 0:10 (scale factor)Figures 26 and 27 show the �z distributions for charged and neutral B candidates in thesignal regions. As discussed in section 8, we use an approximation that makes it possibleto calculate �t from �z. The equivalent plots as a function of �t are in �gures 28 and 29.Note that �z ! ��t to use the same conventions as other analyses.The resolution function obtained from Monte Carlo and the above result of the lifetime�t are compared in �gure 30. The black histogram represents the resolution function ob-tained from signal Monte Carlo. A �t of the \G+G
E" parameterisation is superimposed(black line). The red curve is the resolution function from the lifetime �t on data as quotedabove. The two curves are normalised to the same surface.
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Figure 26: �z distribution for B0/B0 candidates in the signal region. The result of thelifetime �t is superimposed.
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Figure 27: �z distribution for B� candidates in the signal region. The result of the lifetime�t is superimposed.
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Figure 28: An equivalent way of making the plot in �gure 26.36
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Figure 29: An equivalent way of making the plot in �gure 27.

Figure 30: Comparison of the �z resolution function extracted from the lifetime �t (red)and signal Monte Carlo (black). 37



11 Consistency checks in dataSplit the data sample in bins of di�erent variables like� Brec decay mode� � angle of the charmed meson from the fully reconstructed B,� � angle of the hard pion from the fully reconstructed B,� data sets / run numbers,� event number within a run.Is the charm lifetime accurately measured in the Brec decay samples... ?12 Systematic uncertaintiesThe decay length di�erence technique is di�erent from various other methods used in otherexperimental environments, e.g. at SLD, LEP and CDF [refs.]. For example, the measure-ment is made in z rather than in the transverse plane, and the production point of theB mesons is unknown. Consequently, some of the systematic uncertainties are also di�erent.The systematic uncertainties in our B meson lifetime measurements can be grouped in threecategories: uncertainties due to (1) the selection criteria used to obtain the data samples,(2) the �z reconstruction and (3) the �tting procedure.The �rst category is discussed in section 12.1, the second one in sections 12.4-12.7 and thethird one on sections 12.8-12.12. The systematic uncertainties are summarised and combinedin section 12.13.12.1 Sample selectionIn general, selection criteria can bias the decay time distribution of candidates in the �nalsample. For example, quality cuts can produce such an e�ect if candidates with long decaytimes reach regions in the detector where the spatial resolution is signi�cantly worse thanat the interaction region. We do not expect this particular e�ect to be large for Bs in BABAR.We perform several tests on the generated �z spectrum of candidates selected from all avail-able signal Monte Carlo. We calculate the average �z for the B0 sample and the B+ sample.Both are consistent with zero (table 10). We perform unbinned maximum likelihood �ts ofthe theoretical �z distribution to the spectra of the two samples. The �tted lifetimes (ta-ble 10) are consistent with the generated lifetimes. We use the result of the likelihood �tand binned histograms of the �z spectra of the samples to calculate a �2 (table 10).These two tests do not show any evidence of a signi�cant distortion of the �z spectrum.38



We use our combined �tting procedure, excluding background modelling, to extract the life-time from the distributions of reconstructed �z for the two samples. The �tted lifetimes(table 10) are consistent with the generated ones. We assign the statistical error from these�ts as systematic uncertainty on our measurements on data (\MC statistics" in table 14).using generated �z using reconstructed �zgenerated lifetime average �z �tted lifetime �2=ndof �tted lifetimeB0 468 �m �3:4� 2:9 �m 464:8� 3:6 �m 128:9=149 476:6� 4:7 �mB+ 486 �m 0:7� 2:2 �m 487:4� 2:9 �m 171:6=149 490:7� 4:2 �mTable 10: Checks of B decay time spectra and reconstruction/selection procedure.
12.2 Parameterisation of the resolution functionIn measurements that use the decay length di�erence technique, the lifetime to be measuredis strongly correlated to the resolution function. In this measurement, the largest systematicerror comes from the the fact that our knowledge of the �z resolution in data is limited.We \transform a part of this systematic uncertainty into a contribution to the statisticalerror" by letting all parameters in the resolution function free during the lifetime �t. Thisuncertainty is already included in our statistical error. For illustration purposes, we repeatthe combined lifetime �t �xing the parameters in the resolution function at the values ob-tained in the �t discussed section 10. The error on �(B0) (�(B+)) is reduced from 15:6 �m(14:6 �m) to 13:3 �m (12:8 �m ). The \di�erence in quadrature" is 8:2 �m (6:9 �m) or1.8 % (1.4%).Additional uncertainties arise from the possibility that the parameterisation of the reso-lution function, despite its free parameters, is not \exible" enough to reproduce all featuresof the \real" resolution function. A comparison of di�erent parameterisations is discused insection 8.5. The di�erences in the column \Fixed resolution function" of table 8 are dueto the di�erent forms and exibilities of the parameterisations. We attribute the di�erencebetween the lifetimes obtained with G +G 
 E and G1 + G2 as systematic uncertainty onthe lifetimes obtained with G+G
 E.12.3 Identical resolution functionWe use a combined �t to the �z distributions of charged and neutral Bs (section 8.4). Forthis �t, we make the approximation of equal resolution functions for allBrec modes, regardlessof the B species. To estimate the size of the error introduced by this approximation, wegenerate toy Monte Carlo samples with di�erent resolution functions for charged and neutralBs and we use the combined �t to extract the two lifetimes.We simulate 1400 experiments, each with roughly the statistics that we have in data. Thevalues for B� ! J= K� and B0 ! D�+�� from table 5 are used to model the resolutionfunctions at generation time. The bias �generated � �reconstructed on the �tted �(B0) (�(B+)) is39



�1:3� 0:4 �m (1:5� 0:4 �m). We assign 1:5 �m as systematic error on the two lifetimes wemeasure in data.12.4 Beam spotVtxTagBtaSelFit, the algorithm we use to reconstruct �z, makes use of the beam spot po-sition and size to obtain a constraint on the opposite vertex (see section 6.3). A potentialbias in the determination of the beam spot [22] can change the �z resolution function.We use Monte Carlo events to estimate the magnitude of this e�ect. Figure 31 shows a com-parison of the �z pull for the same set of events reconstructed twice with di�erent estimatesof the beam spot position. The y dimension of the beam spot is of the order of 10 �m [23],and in x it is roughly ten times larger. For the �z reconstruction we use, both on data andon Monte Carlo, an \e�ective beam spot" size of around 40 �m in y that includes e�ectsof the actual beam spot size and the �nite precision of our determination of the beam spotparameters.The black points in �gure 31 represent the �z pull obtained from 4.2k B0 events recon-structed with the standard beam spot. For the second reconstruction of the same events weshift the beam spot position by 80 �m in y. The corresponding �z pull is represented bythe red points in �gure 31. The values for the parameters of the G+G
E parameterisationextracted from a �t to these histograms are compared in table 11. The e�ect is small and ourparameterisation of the resolution function can account for it. We do not assign a systematicerror.

Figure 31: �z pull for the same set of events reconstructed twice; once using the generatedbeam spot position (black) and once (red) using a biased estimate of the beam spot position(shifted 80 �m in y). 40



standard beam spot shifted beam spotnumber of reconstructed events 4228 4218g 0:611� 0:033 0:602� 0:034s 1:008� 0:018 1:042� 0:017�r 0:860� 0:059 0:884� 0:064�2/ndof 73.6/48 57.7/48Table 11: Fits of the G+G
E parameterisation to the di�ent pull distributions in �gure 31.12.5 Momentum of the fully reconstructed BThe estimation of the Brec \pseudo-track" (section 6.3) not only relies on the beam spot,but also on the reconstructed Brec momentum. We use the same technique as above toestimate the e�ect of a possible bias in the Brec momentum reconstruction, comparable insize to the resolution (e.g. �(px) = 15 MeV, �(py) = 15 MeV and �(pz) = 17 MeV forB0 ! D�+��). We do not observe any signi�cant change in the values of parameters in theresolution function. The error on the Bopp ight direction introduced by such a momentumbias is small compared to the error introduced by an 80 �m shift of the beam spot y position.12.6 �z outliersThe likelihood function for the lifetime �t contains a term that models the e�ect of outliers(see �gure 19, sections 6.4.3 and 8.3). The fractions of outliers in the B0 and the B+ samplesare free parameters in the lifetime �t. We cut at j�zj < 3000�m. We assume a �z distri-bution with zero mean and a width of 2500 �m for the outliers. If we change the width ofthis gaussian to 4000 �m, the central value for �(B0) (�(B+)) gets 4:9 �m (6:1 �m) higher.Figure 19 might indicate that the �z distribution for outliers is not centered at zero. If wechange the mean of the outlier-gaussian to 1000 �m, the central value for �(B0) (�(B+))gets 0:4 �m (2:6 �m) higher. We assign 4:9 �m (6:1 �m) as systematic uncertainty.12.7 Detector geometry and alignmentImperfections in the detector alignment can inuence the �z reconstruction. We studyrandom misalignments of SVT wafers, \squeezing" of the SVT (reducing its radius) andtranslations of the SVT with respect to the DCH. BABAR Monte Carlo events are simulatedwith perfect alignment. We reconstruct the same 10k B0 ! D�+�� events several timeswith di�ent misalignments introduced into a conditions database proxy:� Zero: Perfect alignment.� LA101025: Uncorrelated random translations of all SVT wafers. The translations inu (parallel to the beam axis) and v (in the wafer plane, normal to u) are normallydistributed with � = 10 �m. The translations in w are normally distributd with41



� = 25 �m. This model is believed to roughly reproduce the e�ects of the residualmisalignment on our sample of real data [24].� LA202050: As above, but with � = 20 �m in u and v, and � = 50 �m in w.� Trans100: The SVT as a whole is translated by 100 �m in x with respect to theDCH. This is signi�cantly more than the relative drift between two subsequent cal-ibrations [25]. The impact of a relative translation in z is expected to be smallerthan the e�ect of an x translation, because of the di�erent DCH resolutions in thesedirections.� Squeeze: Reduce the radius of the SVT. The radius of each layer is reduced by anamount proportional to its radius. The radius of the outermost layer is reduced by15 �m.The average �z bias and resolutions (weighed means over two gaussians) are summarisedin table 12. It also contains the results of �ts of the G + G 
 E parameterisation to thedi�erent pull distributions.As expected, the misalignments under study can degrade the �z resolution and change theaverage bias, as well as broaden the pull distributions. The �2 values in the last row oftable 12 indicate that the G + G 
 E parameterisation of the �z resolution function isexible enough to reproduce the e�ects. The values of the parameters change, but the samefunctional form gives a comparable �2 value. Fits to the �z pull distributions for Zero andLA202050 are shown in �gure 32.The parameters of the resolution function are free in the lifetime �t. We do not assigna systematic error due to misalignment e�ects.Various alignment and calibration procedures use data to correct for relative displacementsof di�erent detector components. These procedures do not determine or adjust the globallength scale of the experiment. In the same way as a bias in the boost determination, a pos-sible imperfection in the z scale of the detector directly biases the B lifetime measurements.One way to determine the z scale is to use the detector to measure the length in z of some-thing with known dimensions. Such a measurement of the length of the Be beam pipe [23]using protons from material interactions therein [26] is currently underway. A preliminarymeasurement [27] of this length gives 180:38� 0:53 mm, to be compared to the 180:09 mmobtained from an independent measurement.Until these results are better documented, we use a very crude estimate of the maximumuncertainty one could expect. To minimise mechanical force on the fragile SVT modulesthey are mounted in a way that allows them to move in order to avoid the force exerted bydeformations of the support structure. Relative movements of one module with respect toanother one are corrected by the local alignment procedure. The physical size of individualwafers is known within a precision of the oder of 50 �m [28]. It is unlikely that the precisionof the process of glueing wafers together to make a module (glue four to eight wafers to amechanical support) is less precise than 1 mm over the whole length of ' 10 cm [29]. This42



Zero LA101025 LA202050 Trans100 Squeeze�z residue: bias (�m) 32:8 � 2:4 34:0� 2:5 38:2� 2:9 29:1 � 2:4 29:2� 2:3resolution (�m) 135:6� 2:6 148:4 � 2:5 168:7 � 2:6 135:9� 2:2 134:3 � 2:1�2 1.51 0.99 0.96 1.37 1.55�z pull: g 0:637 � 0:033 0:607� 0:037 0:539 � 0:057 0:712� 0:029 0:712� 0:029s 1:060 � 0:018 1:124� 0:018 1:327 � 0:025 1:071� 0:017 1:067� 0:017�r 0:925 � 0:067 0:919� 0:071 0:816 � 0:092 1:045� 0:079 1:064� 0:083�2 1.35 1.10 1.11 1.05 1.15Table 12: Results of �ts to the �z residue and pull for reconstruction with various misalign-ments.corresponds to a z scale uncertainty of ' 1 mm=10 cm = 1 % which we assign as sytematicerror.

Figure 32: �z pull for perfect alignment (Zero, left plot) and for poorly aligned SVT(LA202050, right plot).12.8 Average boost approximationWe use the boost of the � (4S) as approximation for the boost of the Bs. The e�ect ofthis approximation does not average out completely. The author of [30] uses analyticalcalculations to show that this approximation results in a 0.4 % overestimation of the lifetime.We obtain compatible results in toy Monte Carlo studies. We correct our measurements forthis bias and assign 0.4 % as systematic uncertainty.
43



12.9 Uncertainty on the average boostThe lifetime measurements are performed in z, the direction of the boost. A possible biason the measured boost directly biases the lifetime: bias(�B) / bias((�z)� (4S)). This can beseen from the �rst formula in section 8.1.OPR measures ~�� (4S) from 2-prongs. The accuracy on (�z)� (4S) is better than 0.3 % [31].We assignp(0:4 %)2 + (0:3 %)2 as total uncertainty on the lifetimes due to the average boostapproximation and determination.12.10 Signal probabilityOur �ts to the substituted mass spectra come with covariance matrices. We repeat thelifetime �t varying the value of the (�xed) parameters that describe the substituted massspectra within 2� of the result of the independent �ts to these spectra. The central valueof the B0 (B+) lifetime changes by 0:9 �m (0:7 �m) if we vary the fraction of events in thesignal gaussian; and signi�cantly less if we vary the other parameters.We reconstruct B0s in modes including a � resonance (see section 4). To estimate theimpact of a possible tail of the signal mSE distribution, we repeat the lifetime �t using adi�erent function to model the mSE spectrum for B0s. Instead of \Argus+Gaussian" we use\Argus+Johnson SU distribution". For a certain choice of parameters, the latter distributiontends towards a gaussian, but it can also model a tail. The central value of the B0 lifetimechanges by 0:1 �m.We assign 0:9 �m (0:7 �m) as systematic uncertainty.12.11 Background modellingWe run the same reconstruction procedure on all available generic Monte Carlo [14]. Thesubstituted mass spectra, including a break-down of the di�erent contributions to the back-ground are shown in �gures 5 and 6. The background compositions in the mass sideband andin the signal region are summarised in table 13 [14]. The �z distributions for backgroundevents in the signal region and in the sideband region are compared in �gures 33 and 34.For candidate B0/B0 events, the background compositions in the signal and sideband regionsare compatible. The corresponding �z distributions (�gure 33) agree fairly well. For can-didate B� events, there is a signi�cant discrepancy in the background compositions in thesignal and sideband regions. The available statistics of background events is low. Figure 34contains a hint that the tail at positive �z can be longer for background candidates \underthe peak". As we use sideband events to extract the �z distribution of the background, thisis a potential source of bias.We use toy Monte Carlo samples generated with di�erent �z distributions for the back-ground in the sideband and signal regions to estimate the size of the e�ect. The generated44



�z distributions for the sideband region are identical to the �ts shown in �gures 23 and 24. Inthe signal region, we increase the \lifetime" of the exponential at positive �z and the fractionof events in this tail. For charged Bs, we increase the \lifetime" by 150 �m and the fractionby 5 %. For neutral Bs we use one third of these values. The bias �generated � �reconstructedon the �tted �(B+) (�(B0)) estimated from 1000 simulated experiments is �5:1 � 0:6 �m(�1:6�0:5 �m). We assign 5:1 �m (1:6 �m) as systematic uncertainty due to the backgroundmodel. Same B species Other B species cc uds=udsB0: Sideband (5:2 < MES < 5:26) 30:9� 1:5 % 12:3� 1:0 % 44:9� 1:6 % 11:9� 1:0 %Signal (MES > 5:275) 36:3� 3:3 % 18:9� 2:7 % 37:3� 3:3 % 7:5� 1:8 %B+: Sideband (5:2 < MES < 5:26) 12:1� 1:4 % 8:2� 1:2 % 67:3� 2:0 % 12:5� 1:4 %Signal (MES > 5:275) 33:6� 4:5 % 23:6� 4:1 % 39:1� 4:7 % 3:4� 1:8 %Table 13: Break-down of the background contributions.

Figure 33: �z distributions for background B0 candidates in the signal and sideband regions.12.12 Monte Carlo test of �tting procedureA test of our �tting procedure and its technical implementation is reported in section 8.5 (seetable 7). This test gives an estimate of a possible bias on the �tted lifetime of �1:1�0:7 �mand �1:8 � 0:8 �m for neutral and charged Bs, respectively. These values are consistent45



Figure 34: �z distributions for background B+ candidates in the signal and sideband regions.with zero, within a statistical error that is small compared to the uncertainties due to thereconstruction procedure (section 12.1). We do not assign a systematic error due to the�tting procedure.12.13 Total systematic uncertaintyA summary of all systematic errors as well as their sum (in quadrature) is given in table 14.13 Lifetime ratioWe replace the two lifetimes in our �t by the B0 lifetime and the the ratio r = �(B+)�(B0) .13.1 Fit resultParameters:1-5: mass spectrum B06-8: outliers B0(fraction in per mil)9-13: mass spectrum B+14-16: outliers B+ 46



systematic e�ect uncertainty on �(B0) (�m) uncertainty on �(B+) (�m)MC statistics 4.7 4.2Parameterisation of resolution function 1.5 1.5One single resolution function 1.5 1.5�z outliers 4.9 6.1z scale 4.5 4.8Boost 1.8 1.9Signal probability 0.9 0.7Background modelling 1.6 5.1Total in quadrature 8.8 10.6Table 14: Summary of the systematic errors in the B lifetime measurements.(fraction in per mil)17: lifetime B018: lifetime ratio r19-21: resolution function22-25: error spectrum B026-31: background B032-35: error spectrum B+37-41: background B+MIGRAD MINIMIZATION HAS CONVERGED.MIGRAD WILL VERIFY CONVERGENCE AND ERROR MATRIX.COVARIANCE MATRIX CALCULATED SUCCESSFULLYFCN=95037.4 FROM MIGRAD STATUS=CONVERGED 854 CALLS 855 TOTALEDM=0.0299064 STRATEGY= 2 ERROR MATRIX ACCURATEEXT PARAMETER STEP FIRSTNO. NAME VALUE ERROR SIZE DERIVATIVE1 endptB0 5.29000e+00 constant2 cB0 -3.44000e+01 constant3 bmassB0 5.27992e+00 constant4 bresnB0 2.77400e-03 constant5 fB0 4.85300e-01 constant6 outFracB0 2.40360e+00 2.01701e+00 3.82399e-01 -1.12371e-037 outWidthB0 2.50000e+03 constant8 outMeanB0 0.00000e+00 constant9 endptCh 5.29000e+00 constant10 cCh -3.17000e+01 constant11 bmassCh 5.27961e+00 constant12 bresnCh 2.65500e-03 constant13 fCh 5.86700e-01 constant14 outFracCh 5.37382e+00 2.40517e+00 4.78129e-01 8.72971e-0415 outWidthCh 2.50000e+03 constant16 outMeanCh 0.00000e+00 constant17 tauB0 4.53576e+02 1.64557e+01 1.82167e+00 -4.56705e-0418 tauBFrac 1.06535e+00 4.38480e-02 5.61175e-03 -4.35287e-0119 sigma 1.38762e+00 9.94186e-02 1.57268e-02 -1.11010e-0120 tau 6.53321e-01 2.34177e-01 2.23970e-02 6.19499e-0121 frac 5.92831e-01 1.62132e-01 1.67038e-02 1.56280e-0122 mperrB0 8.13000e+01 constant23 errmsB0 1.51000e+01 constant24 errp1B0 -2.88000e-01 constant25 errp2B0 1.64000e+01 constant26 coremeanB0 7.45308e+00 1.77482e+01 2.19187e+00 1.01149e-0327 corewidthB0 1.57778e+02 1.05775e+01 1.88818e+00 1.40474e-0328 posfracB0 3.37125e-01 5.69786e-02 4.39330e-03 5.20275e-0129 postauB0 2.43216e+02 2.20319e+01 2.36069e+00 2.91578e-0430 negfracB0 2.84388e-01 5.22599e-02 4.14987e-03 -8.95640e-0231 negtauB0 2.12061e+02 1.95370e+01 2.29255e+00 1.84232e-0447



32 mperrCh 7.17000e+01 constant33 errmsCh 1.17100e+01 constant34 errp1Ch -2.31000e-01 constant35 errp2Ch 3.10000e+01 constant36 coremeanCh -3.13389e+00 1.81881e+01 2.26015e+00 -1.01729e-0437 corewidthCh 1.43284e+02 9.71498e+00 1.81339e+00 -7.05149e-0538 posfracCh 3.29734e-01 5.13459e-02 4.69973e-03 -3.84624e-0239 postauCh 2.44745e+02 2.26993e+01 2.74409e+00 6.68632e-0540 negfracCh 2.89265e-01 5.64053e-02 4.98223e-03 -1.68977e-0241 negtauCh 1.91928e+02 1.86713e+01 2.39128e+00 1.43802e-05ERR DEF= 0.5EXTERNAL ERROR MATRIX. NDIM= 41 NPAR= 19 ERR DEF=0.5ELEMENTS ABOVE DIAGONAL ARE NOT PRINTED.4.068e+009.775e-03 5.785e+00-7.569e+00 -7.266e-01 2.708e+021.595e-02 -1.541e-02 -5.062e-01 1.923e-031.208e-02 7.524e-03 -7.602e-01 4.609e-04 9.884e-034.174e-03 6.113e-03 -4.979e-01 3.542e-04 -5.750e-03 5.484e-024.521e-03 4.085e-03 -3.041e-01 2.543e-04 -2.466e-03 3.300e-02 2.629e-02-2.482e-01 7.319e-03 7.751e-01 -2.440e-03 5.414e-04 4.180e-02 5.261e-02 3.150e+027.411e-01 -1.888e-02 2.609e+00 -2.700e-03 -2.364e-02 1.089e-02 1.054e-02 9.976e+00 1.119e+023.200e-02 -1.114e-05 -3.501e-02 8.439e-05 -2.615e-06 2.622e-05 8.409e-05 -3.097e-01 -1.528e-01 3.247e-03-1.567e+01 -7.330e-03 8.767e+00 -1.906e-02 -5.608e-03 -1.857e-02 -3.609e-03 5.205e+01 8.422e+00 -1.030e+00 4.854e+022.873e-02 -1.197e-05 -3.067e-02 7.349e-05 -1.041e-05 2.774e-05 2.236e-05 2.687e-01 -1.309e-01 2.173e-03 -8.207e-012.873e-02 -1.197e-05 -3.067e-02 7.349e-05 -1.041e-05 2.774e-05 2.236e-05 2.687e-01 -1.309e-01 2.173e-03 -8.207e-01 2.731e-03-1.380e+01 -8.207e-03 6.193e+00 -1.348e-02 -1.606e-02 9.929e-03 -2.969e-02 -3.823e+01 -4.300e+00 -7.623e-01 2.942e+02-1.380e+01 -8.207e-03 6.193e+00 -1.348e-02 -1.606e-02 9.929e-03 -2.969e-02 -3.823e+01 -4.300e+00 -7.623e-01 2.942e+02 -7.924e-01 3.817e+022.571e-02 -3.873e-01 -1.389e+00 3.147e-03 1.309e-02 2.657e-02 3.685e-02 1.102e-01 -1.385e-02 2.212e-04 3.149e-032.571e-02 -3.873e-01 -1.389e+00 3.147e-03 1.309e-02 2.657e-02 3.685e-02 1.102e-01 -1.385e-02 2.212e-04 3.149e-03 2.140e-05 -1.243e-01 3.308e+02-1.932e-02 7.862e-01 1.248e+00 -1.497e-03 -1.534e-02 6.240e-03 3.366e-03 2.024e-03 3.803e-02 1.489e-05 1.155e-02-1.932e-02 7.862e-01 1.248e+00 -1.497e-03 -1.534e-02 6.240e-03 3.366e-03 2.024e-03 3.803e-02 1.489e-05 1.155e-02 1.567e-05 1.863e-02 -9.133e+00 9.438e+01-3.927e-05 2.058e-02 3.401e-03 -5.140e-05 -3.695e-05 4.319e-05 8.361e-05 2.767e-04 1.495e-04 6.504e-07 9.904e-05-3.927e-05 2.058e-02 3.401e-03 -5.140e-05 -3.695e-05 4.319e-05 8.361e-05 2.767e-04 1.495e-04 6.504e-07 9.904e-05 8.497e-08 -2.641e-04 -2.785e-01 -1.123e-01 2.636e-034.851e-03 -1.102e+01 4.905e-02 5.917e-03 5.887e-03 -2.372e-02 -1.956e-03 3.443e-02 -9.507e-04 1.222e-04 2.009e-024.851e-03 -1.102e+01 4.905e-02 5.917e-03 5.887e-03 -2.372e-02 -1.956e-03 3.443e-02 -9.507e-04 1.222e-04 2.009e-02 1.389e-06 -7.479e-02 6.762e+01 1.401e+01 -9.228e-01 5.153e+02-3.550e-05 2.149e-02 2.120e-03 -4.806e-05 -2.889e-05 3.607e-05 2.623e-05 4.587e-05 7.584e-05 6.628e-08 2.403e-05-3.550e-05 2.149e-02 2.120e-03 -4.806e-05 -2.889e-05 3.607e-05 2.623e-05 4.587e-05 7.584e-05 6.628e-08 2.403e-05 2.102e-08 1.267e-05 3.984e-01 -1.322e-01 1.849e-03 -7.972e-01 3.182e-03-1.417e-02 -1.164e+01 6.457e-01 1.644e-02 -9.202e-03 -7.472e-03 -2.409e-02 -9.019e-02 3.799e-03 -1.936e-04 -1.607e-02-1.417e-02 -1.164e+01 6.457e-01 1.644e-02 -9.202e-03 -7.472e-03 -2.409e-02 -9.019e-02 3.799e-03 -1.936e-04 -1.607e-02 -5.860e-06 1.130e-01 -4.517e+01 -8.134e+00 -5.880e-01 2.510e+02 -7.637e-01 3.486e+02PARAMETER CORRELATION COEFFICIENTSNO. GLOBAL 6 14 17 18 19 20 21 26 27 28 29 30 31 36 37 386 0.45610 1.000 0.002 -0.228 0.180 0.060 0.009 0.014 -0.007 0.035 0.278 -0.353 0.273 -0.350 0.001 -0.001 -0.00014 0.35840 0.002 1.000 -0.018 -0.146 0.031 0.011 0.010 0.000 -0.001 -0.000 -0.000 -0.000 -0.000 -0.009 0.034 0.16717 0.84434 -0.228 -0.018 1.000 -0.702 -0.465 -0.129 -0.114 0.003 0.015 -0.037 0.024 -0.036 0.019 -0.005 0.008 0.00418 0.77752 0.180 -0.146 -0.702 1.000 0.106 0.034 0.036 -0.003 -0.006 0.034 -0.020 0.032 -0.016 0.004 -0.004 -0.02319 0.66931 0.060 0.031 -0.465 0.106 1.000 -0.247 -0.153 0.000 -0.022 -0.000 -0.003 -0.002 -0.008 0.007 -0.016 -0.00720 0.88771 0.009 0.011 -0.129 0.034 -0.247 1.000 0.869 0.010 0.004 0.002 -0.004 0.002 0.002 0.006 0.003 0.00421 0.87430 0.014 0.010 -0.114 0.036 -0.153 0.869 1.000 0.018 0.006 0.009 -0.001 0.003 -0.009 0.012 0.002 0.01026 0.81270 -0.007 0.000 0.003 -0.003 0.000 0.010 0.018 1.000 0.053 -0.306 0.133 0.290 -0.110 0.000 0.000 0.00027 0.53862 0.035 -0.001 0.015 -0.006 -0.022 0.004 0.006 0.053 1.000 -0.254 0.036 -0.237 -0.021 -0.000 0.000 0.00028 0.93181 0.278 -0.000 -0.037 0.034 -0.000 0.002 0.009 -0.306 -0.254 1.000 -0.820 0.730 -0.685 0.000 0.000 0.00029 0.86463 -0.353 -0.000 0.024 -0.020 -0.003 -0.004 -0.001 0.133 0.036 -0.820 1.000 -0.713 0.683 0.000 0.000 0.00030 0.92780 0.273 -0.000 -0.036 0.032 -0.002 0.002 0.003 0.290 -0.237 0.730 -0.713 1.000 -0.776 0.000 0.000 0.00031 0.83556 -0.350 -0.000 0.019 -0.016 -0.008 0.002 -0.009 -0.110 -0.021 -0.685 0.683 -0.776 1.000 -0.000 0.000 -0.00036 0.81245 0.001 -0.009 -0.005 0.004 0.007 0.006 0.012 0.000 -0.000 0.000 0.000 0.000 -0.000 1.000 -0.052 -0.29837 0.48330 -0.001 0.034 0.008 -0.004 -0.016 0.003 0.002 0.000 0.000 0.000 0.000 0.000 0.000 -0.052 1.000 -0.22538 0.90297 -0.000 0.167 0.004 -0.023 -0.007 0.004 0.010 0.000 0.000 0.000 0.000 0.000 -0.000 -0.298 -0.225 1.00039 0.82295 0.000 -0.202 0.000 0.006 0.003 -0.004 -0.001 0.000 -0.000 0.000 0.000 0.000 -0.000 0.164 0.064 -0.7921.000 -0.623 0.59240 0.90985 -0.000 0.158 0.002 -0.019 -0.005 0.003 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.388 -0.241 0.638-0.623 1.000 -0.72541 0.79832 -0.000 -0.259 0.002 0.020 -0.005 -0.002 -0.008 -0.000 0.000 -0.000 -0.000 -0.000 0.000 -0.133 -0.045 -0.6130.592 -0.725 1.000Summary:�(B0) = 453:6� 16:46 �mr = 1:065� 0:04413.2 Systematic uncertaintiesWe repeat the studies of systematic uncertainties described in section 12 for the new set ofvariables. 48



13.2.1 Sample selectionWe repeat the combined �t to all available signal Monte Carlo described in section 12.1 and�t for the lifetime ratio. The �t gives �(B0) = 476:5� 4:6 �m and r = 1:030� 0:014. Thisresult is compatible with the generated value of r = 1:038. We assign 0:014 as systematicuncertainty on our measurements in data.13.2.2 Parameterisation of the resolution functionWe repeat the combined �t to all available signal Monte Carlo with two di�erent parame-terisations of the resolution function. In both �ts the parameters of the resolution functionare held �xed and their values are taken from table 8.We obtain r = 1:031�0:012 using the \G+G" parameterisation, and r = 1:030�0:012 usingthe \G+G
E" parameterisation. We assign the di�erence of the central values as sytemeticuncertainty on the �tted lifetime ratio obtained using \G+G
E".13.2.3 Identical resolution functionWe repeat the study described in section 12.3, �tting for r. On average we obtain rgenerated�rreconstructed = 0:008� 0:0004. We assign 0:008 as systematic uncertainty.13.2.4 �z outliersWe repeat the �t for r with several combinations of values for the widths of the gaussians thatdescribe �z outliers for charged and neutral Bs. The results are summarised in table 15.The uncertainties on r are small if the �z distributions of B0 outliers and B+ outliersare similar. Monte Carlo studies indicate that this is the case. We have already seenthat the resolutions functions for the two species are comparable. We assign the value for\2500 ! 4000, 2500 ! 3250" (0.005) as systematic uncertainty.� gaussian B0 � gaussian B+ change of central value for r2500 ! 4000 0.01112500 ! 4000 0.01232500 ! 4000 2500 ! 4000 0.00052500 ! 4000 2500 ! 3250 0.0048Table 15: Impact of uncertainty on width of outliers gaussians on r.13.2.5 Detector geometry and alignmentThe uncertainty due to the z scale cancels when the ratio of the two lifetimes is calculated.
49



13.2.6 BoostThe uncertainty from the determination of the average boost cancels in the same way as theuncertainty due to the z scale.The mass di�erence between the two species of B mesons is small compared to the energy re-lease in the � (4S) decay [1]. Furthermore, the lifetimes of the two species are comparable (seesection 10). To a good approximation, the bias due to the average boost approximation willcancel as well. At the present level of precision we neglect any residual e�ects.13.2.7 Signal probabilityWe repeat the variation of parameters from the �t to the substituted mass spectra describedin section 12.10. The central value of r changes by 0:0025 (0:0038) if we change the value ofthe B0(B+) signal fraction within 2�. We assign p0:00252 + 0:00382 = 0:005 as systematicuncertainty.13.2.8 Background modellingThe presence of backgrounds tends to bias both measured lifetimes towards higher values(section 12.11). This bias is signi�cantly larger for charged Bs. To estimate the impacton r we neglect this compensation and take into account only the uncertainty on �(B+). Weassign 5:1 �m/ 451:5 �m (see section 12.11) as sytematic uncertainty due to the backgrounds.13.2.9 Total systematic uncertaintyA summary of all systematic errors as well as their sum (in quadrature) is given in table 16.systematic e�ect uncertainty on r commentMC statistics 0.014Parameterisation of resolution function 0.001One single resolution function 0.008�z outliers 0.005z scale - cancelsBoost - cancelsSignal probability 0.005Background modelling 0.011Total in quadrature 0.021Table 16: Summary of the systematic uncertainties on the lifetime ratio r.
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14 Systematic uncertainties (semileptonic events)15 ConclusionsWe add up all uncertainties and apply the corrections mentioned in section 12. The �nalresult reads �(B0) = 451:5� 15:6 (stat)� 8:8 (syst) �m= 1:506� 0:052 (stat) � 0:029 (syst) ps�(B+) = 480:3� 14:6 (stat)� 10:6 (syst) �m= 1:602� 0:049 (stat) � 0:035 (syst) ps�(B+)�(B0) = 1:065� 0:044 (stat) � 0:021 (syst)where the �rst error is statistical (see the discussion in section 12.2) and the second one issytematic.A Summary of selection cutsReproduce summary tables from BAD 40.References[1] Particle Data Group, D.E. Groom et al., \Review of particle physics", Eur.Phys. J. C 15, 1 (2000).[2] I. I. Bigi, \Lifetimes of heavy avor hadrons: whence and whither ?", NuovoCim. 109 A, 713 (1996).[3] M. Neubert, C. T. Sachrajda, \Spectator e�ects in inclusive decays of beauty hadrons",Nucl. Phys. B 483, 339 (1997).[4] LEP B lifetimes working group. Homepage:http://claires.home.cern.ch/claires/lepblife.html .[5] R. Kerth et al., \The BABAR coordinate system and units", BABAR note 230 (1995).[6] D. Kirkby, \Generator-level studies for BB mixing",http://www.slac.stanford.edu/�davidk/BBMix/GenStudy/ , 1999.[7] P. F. Harrison and H. R. Quinn, eds., \The BABAR physics book", SLAC-R-405 (1998),section 11.3. 51



[8] J. Blouw, A. So�er and S. Dong, \Measuring the PEP-II boost", BABAR analysis doc-ument 14 (2000).[9] The BABAR experiment at PEP-II, BABAR-PUB-0018, submitted to ICHEP2000.[10] Breco AWG, \Exclusive B reconstruction to open charm �nal states", BABAR analysisdocument 40 (2000).[11] Charmonium AWG, \Exclusive B reconstruction into charmonium �nal states: statusreport", BABAR analysis document 12 (2000).[12] Breco AWG, \Selection of D�-lepton events for B lifetime and mixing analyses", BABARanalysis document 34 (2000).[13] ARGUS collaboration, H. Albrecht et al., \Reconstruction of B mesons", Phys. Lett.B185, 218 (1987).[14] P. Robbe, \Exclusive B reconstruction, Monte Carlo background studies",http://www.slac.stanford.edu/BFROOT/www/Physics/CP/beta/doc/brecoSample/MCBReco.html (2000).[15] R. Faccini and F. Mart��nez-Vidal, \Vertexing/kinematic �tting user's guide",http://www.slac.stanford.edu/BFROOT/www/Physics/Tools/Vertex/VtxGuide(2000).[16] C. de la Vaissi�ere, H. Briand and N. Regnault, \Lifetimes with full B reconstruction",BABAR note 436 (1998).[17] F. Mart��nez-Vidal, \VtxTagBtaSelFit: a vertex tag reconstruction tool user's guide",http://www.slac.stanford.edu/BFROOT/www/Physics/Tools/Vertex/VtxGuide/VtxTagBtaSelFit.html (2000).[18] Crystal Ball linse shape function[19] R. Aleksan, \Quark mixing and CP violation", lecture given at NATO-ASI, US VirginIslands (1998).[20] J. Stark, \B0/B+ lifetimes with fully reconstructed hadronic B decays and the �zresolution function", April Physics Week (2000).[21] U. Egede, D. Kirkby and G. Raven, \A user's guide to the RooFitTools package forunbinned maximum likelihood �tting", BABAR analysis document 18 (2000).[22] C. Cheng et al., \Beamspot determination and use in BABAR", BABAR analysis docu-ment 13 (2000).[23] BABAR collaboration, D. Boutigny et al., \Technical design report", SLAC-R-95-457(1995).[24] J. Schieck, private communication (2000).52



[25] G. Raven, \SVT-DCH alignment vs. time", \Design of the tracking reconstruction soft-ware" hyper news forum, message 303.[26] P. Robbe, \Material Interactions", April Physics Week (2000).[27] C. Hast and P. Robbe, private communication (2000).[28] E. Charles, private communication (2000).[29] C. Hast, private communication (2000).[30] S. Metzler, \Measurement of B lifetimes at BABAR", BABAR analysis document 65(2000).[31] Presentations given at the Forum meeting on May 16th (2000).

53


