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1 IntroductionThis paper presents an update of the results in [1] including data collected by the DELPHIexperiment in the year 1995 and using an improved b-avour tagging algorithm.The semileptonic branching ratios for primary and cascade b decays BR(b! `),BR(b! c! `) and average b mixing ��b are measured using momentum spectra of singlelepton and di-lepton in opposite jets. The single lepton spectra are studied in a sampleof pure bb events, selected by means of a b-avour tagging algorithm. For the di-leptonsample, an enriched bb purity is obtained requiring a minimum pt for one of the twoleptons. With respect to previous analysis [2] where a global �t to several electroweakparameters was performed, there is little dependence on the partial decay widths of theZ to b and c quarks Rb and Rc, and reduced background due to misidenti�ed hadronsand leptons from decays and punch-through of light hadrons.Another analysis, independent from the previous one, it is also presented here. In thisanalysis the contributions of uds, c and b avuors are separated in an inclusive way witha Multitag method. It has been applied to data collected with the DELPHI detector in1994 and has been restricted to decays into muons. The results of the Multitag analysisare in agreement with those of the previous analysis, and provide an interesting crosscheck.A description of the DELPHI detector is given in section 2 . The selection of thehadronic events sample is described in section 3 . A brief summary of the relevant per-formances of the lepton identi�cation algorithms is given in section 4 . bb event selectionusing a b-avour tagging algorithm is described in section 5. The results of the �rstanalysis are presented in section 6, and the Multitag analysis is described in section 7.2 The DELPHI DetectorThe DELPHI detector has been described in detail in ref. [3]. Only the details relevantto this analysis are mentioned here.In the barrel region, the charged particle tracks are measured by a set of cylindricaltracking detectors whose axes are parallel to the 1.2 T solenoidal magnetic �eld and to thebeam direction. The time projection chamber (TPC) is the main tracking device. TheTPC is a cylinder with a length of 3 m, an inner radius of 30 cm and an outer radius of 122cm. Tracks are reconstructed using up to 16 space points in the region 39� < � < 141�,where � is the angle with respect to the beam direction. Tracks can be reconstructedusing at least 4 space points down to 21� and 159�.Additional precise R� measurements, in the plane perpendicular to the magnetic �eld,are provided at larger and smaller radii by the Outer and Inner detectors respectively.The Outer Detector (OD) has �ve layers of drift cells at radii between 198 and 206 cmand covers polar angles from 42� to 138�. The Inner Detector (ID) is a cylindrical driftchamber having inner radius of 12 cm and outer radius of 28 cm. It contains a jet chambersection providing 24 R� coordinates surrounded by �ve layers of proportional chambersproviding both R� and longitudinal z coordinates.The micro-vertex detector (VD) is located between the LEP beam pipe and the ID [4].It consists of three concentric layers of silicon microstrip detectors placed at radii of6.3, 9.0 and 10.9 cm from the interaction region, called respectively: closer, inner and2



outer layer. For all layers the microstrip detectors provide hits in the R�-plane witha measured intrinsic resolution of about 8 �m; the inner and outer layers provide inaddition measurements in the z direction, with a precision depending on the polar angleand reaching a value of 9 �m for tracks perpendicular to the modules. The polar anglecoverage for charged particles hitting all three layers of the detector is 44� < � < 136�;the closer layer coverage goes down to 25�.The barrel electromagnetic calorimeter, HPC, covers the polar angles between 42�and 138�. It is a gas-sampling device which provides complete three dimensional chargeinformation in the same way as a time projection chamber. Each shower is sampled ninetimes in its longitudinal development. Along the drift direction, parallel to the DELPHImagnetic �eld, the shower is sampled every 3.5 mm ; in the plane perpendicular to thedrift the charge is collected by cathode pads of variable size, ranging from 2.3 cm in theinner part of the detector to 7 cm in the outer layers.In the forward region the tracking is complemented by two sets of planar drift chambers(FCA and FCB) placed at distances of �165 cm and �275 cm from the interaction point.A lead glass calorimeter (EMF) is used to reconstruct electromagnetic energy in theforward region.Muon identi�cation in the barrel region is based on a set of muon chambers (MUB),covering polar angles between 53� and 127�. It consists of six active planes of driftchambers, two inside the return yoke of the magnet after 90 cm of iron (inner layer) andfour outside after a further 20 cm of iron (outer and peripheral layers). The inner andouter modules have similar azimuthal coverage. The gaps in azimuth between adjacentmodules are covered by the peripheral modules. Therefore a muon traverses typicallyeither two inner layer chambers and two outer layer chambers, or just two peripherallayer chambers. Each chamber measures the R� coordinate with a precision of about 2-3 mm. Measuring R� in both the inner layer and the outer or peripheral layer determinesthe azimuthal angle of muon candidates leaving the return yoke within about �1�. Theseerrors are much smaller than the e�ects of multiple scattering on muons traversing theiron.In the forward region the muon identi�cation is done using two sets of planar driftchambers (MUF) covering the angular region between 11� and 45�. The �rst set is placedbehind 85 cm of iron and the second one behind an additional 20 cm. Each set consistsof two orthogonal layers of drift chambers where the anode is read out directly and thecathode via a delay line to measure the coordinate along the wire. The resolution in bothcoordinates is about 4 mm.3 Event SelectionThe decays of the Z to hadrons were selected by requiring:� a total energy of the charged particles larger than 15 % of the centre of mass energy;� at least 7 reconstructed charged particles.Charged particles were accepted if: 20� < �track < 160�, their track length was largerthan 30 cm, their impact parameter relative to the interaction point was less than5 cm in the plane perpendicular to the beam direction and less than 10 cm along3



the beam direction and their momentum was larger than 200 MeV=c with relativeerror less than 100%.Neutral particles detected in the HPC and EMF or in the hadronic calorimeters wererequired to have measured energy larger than 500 MeV.With these criteria, the e�ciency to select q�q events from the simulation was about95%. All sources of background have been found to be below 0.1%. No signi�cantdi�erences in the acceptance between di�erent avours have been found.For each event the thrust axis was calculated from all the charged and neutral particlesselected as above. Only events with:j cos �thrustj < 0:90were used for the following analysis. Requiring, in addition, that all subdetectors neededfor this analysis were fully functional a total of about 1030000 and 515000 Z hadronic de-cays are selected from the 1994 and 1995 data sample respectively. About 3800000 eventsare selected from a sample of Z ! q�q events from simulation. Events were generated withthe JETSET 7.4 event generator [5] using parton shower and string fragmentation withparameters optimized to describe the hadronic distributions as measured by DELPHI.The events thus generated were passed through the program DELSIM [6] which modelsthe detector response and processed through the same analysis chain as the real data .Jets were formed from the charged and neutral particles using the JADE algorithm [7]with Y mincut = 0:02 . When a secondary vertex was present in a jet, the jet direction wascorrected using the primary to secondary vertex direction. The transverse momentum ofthe lepton ( pt ) was determined relative to the direction of the jet, excluding the leptonitself.4 The Lepton Sample4.1 Muon Identi�cationTo identify a charged particle with momentum greater than 3 GeV=c as a muon candidate,its track was extrapolated to each of the layers of the muon chambers taking into accountmultiple scattering in the material and the propagation of track reconstruction errors [8].A �t was then made between the track extrapolation and the position and direction ofthe hits in the muon chamber. Ambiguities with muon chamber hits associated to morethan one extrapolated track were resolved by selecting the track with the best �t. Thecharged particle was then tagged as a muon if the �t was su�ciently good and hits werefound outside the return yoke iron.To exclude regions with poor geometrical acceptance the charged particle was acceptedif its polar angle, ��, was within one of the following intervals0:03 < j cos ��j < 0:620:68 < j cos ��j < 0:95;which de�ned the barrel and the forward region, respectively. The muon identi�catione�ciency was measured in Z ! �+�� events, in the decays of taus into muons and inmuons from two-photons collisions  ! �+��. A mean e�ciency of 0:82 � 0:01 was4



found with little dependence on the muon momentum. Predictions of simulation agreewith data, both in absolute value and in the momentum dependence, within a precision of2.0% and 2.5% in the barrel and in the forward region respectively. An estimation of themisidenti�cation probability was obtained by mean of a lifetime-based anti b-tag, to selecta background enriched sample. After the subtraction of the muon content in the selectedsample the misidenti�cation probability was found to be (0:53� 0:03)% in the barrel and(0:34� 0:06)% the forward region. The ratio with the same quantity in simulated eventswas found to be 2:06� 0:12 (2:18� 0:16) in the barrel and 1:24� 0:21 (1:65� 0:25) in theforward region in the 1994 (1995) samples respectively. These ratios were used to reweightthe simulated hadrons misidenti�ed as muons. The hadron misidenti�cation probabilitywas cross checked using pions from K�s and � decays and compatible results were found.4.2 Electron Identi�cationCharged particles with momenta greater than 3 GeV=c and within the good acceptanceregion of the HPC (0:03 < j cos �ej < 0:72) were accepted as electron candidates onthe basis of the information from the HPC, the TPC and the Ring Imaging CHerenkovdetector. Tracks were extrapolated to the HPC where showers were associated to them;the responses of the various detectors have then been analyzed by a neural network [9].The network response was analized in a sample of simulated electrons from b and cdecay, and a momentum dependent cut was de�ned in order to have a 65% e�ciencyconstant over the full momentum range.The e�ciency of tagging an electron was measured in the data by means of a set ofisolated electrons extracted from selected Compton events and a set of electrons producedfrom photons conversions in the detector. The e�ciency was then compared to that ofthe simulated event samples. The ratio of the experimental e�ciency to the simulatedone was 0:92� 0:02 and 0:93� 0:02, in the 1994 and 1995 samples respectively and wasthen applied to the sample of electrons from the simulated qq events.The probability of tagging a hadron as an electron was measured in the data selectinga background sample by means of an anti b-tag technique in the same manner as formuons. The measured misidenti�cation probability in data, and the ratio with the samequantity in simulated events were (0:37 � 0:03)% and 0:74 � 0:06 in the 1994 sample,(0:39� 0:04)% and 0:80� 0:08 respectively in the 1995 sample.To reduce the contamination from electrons from photon conversions, electron can-didates were removed if they were consistent with coming from a secondary vertex andcarrying no transverse momentum to the direction from the primary to the secondaryvertex.4.3 The Simulated Lepton SampleSamples of simulated events, which were processed through the same analysis chain asthe data as descibed in section 3, were used to obtain reference spectra for the di�erentsources of simulated leptons.The b semileptonic decays to electrons and muons were simulated using the IGSWmodel. The model of Bauer et al. [10], which takes into account the �nite mass of theproduced lepton, was used for the B decays into � 's. For D decays the branching ratioswere adjusted to be better in agreement with measured values [11], and obeying isospin5



invariance in addition. The di�erent semileptonic decay modes, the branching ratios forthe decays to neutral pions, when not measured, were obtained imposing isospin invari-ance. To obtain the reference spectra with alternative models, events were reweightedaccording to the decay model considered. The weight was computed on the basis of thelepton momentum in the B(D) rest frame. For the central value in the results the AC-CMM model is used, according to [13] . Lepton candidates were classi�ed according totheir di�erent origin as follows:a) direct b-decay:b! `� +X,b) \right sign" cascade decays:b! �� +X! `� +X,b! �c + X! `� +X,c) \wrong sign" cascade decays:b! c + X! `+ +X,d) direct c-decayc! `+ +X,c! �+ +X! `+ +X,e) prompt leptons from J=	 decays or from b or c decays, where the c�c (b�b) pair isproduced by gluon splitting,f) misidenti�ed or decaying hadrons.The above classes are applied both to electrons and muons. The lepton candidates inthe simulation were separated into these classes and reference (pt,p`) distributions wereobtained for the single leptons.Di-lepton events were separated, for both the data and the simulated samples, intosix categories depending on whether the two lepton candidates have the same or oppositecharge and on which combination of lepton species (ee; e�; ��) they belonged to. Lep-ton pairs were used where the two leptons were separated by at least 90o while leptonpairs coming from the same jet were omitted from the �t to avoid additional systematicuncertainties in the composition of the cascade lepton sample. In each category the sim-ulated events were separated into groups consisting of allowed combinations of the abovementioned classes. To guarantee a reasonable number of events in each bin, the p and ptof each lepton in the pair were combined to form one variable, the combined momentum,pc, de�ned as pc = qp2t + p2100 . Two-dimensional reference distributions were obtainedfor the chosen combinations in the variables (pminc ; pmaxc ), where pminc , (pmaxc ) refers to thesmaller (larger) of the two combined momenta.5 b-avour taggingTo assure a good e�ciency in the following b-avour tagging, events were considerd onlyin a region with good vertex detector acceptance: j cos �thrustj < 0:7. As a consequence,only barrel muon chambers were considered for single muons. About 768000 and 385000Z hadronic decays were selected in the 1994 and 1995 data respectively.6



Events were divided in two hemispheres, with respect to the thrust axis, and theprimary vertex was reconstructed in each hemisphere. A combined b-avour tagging al-gorithm [15] was used to select hemispheres enriched in b-hadron content, while in theopposite hemisphere the single lepton spectra were studied. This algorithm combines ina single variable several variables which are sensitive to the presence of a b-hadron. Themain discriminating variable is the probability from all tracks belonging to the hemisphereto come from the primary vertex, calculated from the positively signed impact parame-ters of the tracks. Other variables were de�ned for hemispheres containing a secondaryvertex, hemispheres without reconstructed secondary vertices were not considered. Thesevariables are: the e�ective mass of particles included in the secondary vertex, the rapid-ity of tracks included in the secondary vertex with respect to the jet direction and thefraction of the charged energy of a jet included in the secondary vertex. For the cut onthe combined variable used in this analysis, the following e�ciencies for selecting di�erentavours were estimated from simulation:"b = (39:34� 0:05)%"c = (1:87� 0:02)%"uds = (0:189� 0:003) %The "b is quoted only for reference, since its simulated value is never used in the following.In fact the number NHb of tagged hemispheres which contain a b quark is estimated as:NHb = NHtag � ("c �Rc + "uds � Ruds)� 2Nhadwhere: NHtag and Nhad are the total number of tagged hemispheres and the number ofhadronic events respectively, "c and "uds are the e�ciencies from simulation, Rc = �c�c=�hadand Ruds = �uds=�had = 1� �b�b=�had � �c�c=�had are the ratios of partial decay widths toc and uds quarks. For �b�b=�had and for �c�c=�had the LEP average 0:2170 � 0:0009 and0:1734� 0:0048 are used respectively [12].The sample of events from Montecarlo simulation used to compare with data, is takenwith a avour composition calculated considering NHb from data and the contaminationdue to other avours from simulation using "c, "uds.6 Fitting Procedure and ResultsOnce an hemisphere has been tagged as b, leptons are studied in the opposite one. Themain sources of leptons are prompt leptons and cascade decays leptons from b ( a-c classesin section 4.3 ), plus a contribution from misidenti�ed hadrons and leptons from decaysof light hadrons in b events. A correction is applied, due to the correlation betweenthe lifetime tag and the lepton tag. According to simulation it mainly arises from theacceptance requirements and amounts to �e = 1:003 � 0:005 and �� = 1:017 � 0:005,where � is the ratio between the fraction of leptons tagged in a hemisphere opposite to ab-avour tagged one and the fraction of leptons tagged in an unbiased b hemisphere. Abinned maximum likelihood �t is used to compare momentum and transverse momentumspectra of electrons and muons in data with simulation expectations.The single lepton likelihood is multiplied by a likelihood obtained for di-leptons inopposite hemispheres, to help in separating the BR(b! `) from the BR(b! c! `) com-ponent and to extract information on the average mixing parameter ��b. In the di-leptonsample no b-avour tag is used, in order not to introduce any bias. The b enrichmentis obtained requiring a minimum pt for one of the two leptons. The full pt spectra is7



considered for the opposite lepton. For a cut at pt > 1:2 GeV=c a b purity of about 88%is obtained, according to simulation.If B0 � �B0 mixing is not considered, the main source of di-leptons having oppositecharge are direct b-decays: (b! `�)(�b! `+), but in the presence of mixing a fraction2��b(1 � ��b) of these di-leptons have the same charge. Same charge di-leptons also arisefrom events with one direct b-decay and one cascade b-decay: (b! `�)(�b! �c! `�),but due to mixing a fraction 2��b(1� ��b) of these will enter the opposite charge class.The results obtained in the 1994 and 1995 samples and their combination are shownin table 1, where the errors are statistical only.1994 1995 1994+1995BR(b! `) 0:1069� 0:0014 0:1060� 0:0019 0:1065� 0:0011BR(b! c! `) 0:0790� 0:0028 0:0790� 0:0039 0:0791� 0:0023��b 0:122� 0:016 0:140� 0:022 0:128� 0:013Table 1: Results of the �t to the 1994 and 1995 lepton samples and their combination.The errors are statistical only.The Peterson fragmentation parameter [14] �b was left free in the �t. Converted intothe mean fractional energy of b-avoured hadrons it gives hxEi = 0:712 � 0:003, wherethe error is statistical only.In �gures 1 single lepton and di-lepton spectra are shown both for the single leptonsand for the di-leptons. The simulation spectra are reweighted to the result of the �t.The correlation matrix for the statistical error is shown in table 2.BR(b! `) BR(b! c! `) ��b �bBR(b! `) 1.00 -0.491 0.104 0.209BR(b! c! `) 1.00 -0.124 -0.132��b 1.00 0.025�b 1.00Table 2: Correlation matrix of statistical uncertainties.The following sources of systematic uncertainty have been considered.� experimental uncertainty related to lepton measurements:the muon and electron identi�cation e�ciencies and the background due to hadronmisidenti�cation have been varied considering their measurement errors in the data-Montecarlo comparisons (see sections 4.1,4.2). An additional uncertainty of 2% hasbeen considered on the e�ciencies, to account for e�ects related to the di�erencein topology between the test samples used in sections 4.1,4.2 and the hadronicenvironment.The residual contamination in the electron sample due to coverted photons has beenvaried by 10%. 8
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Figure 1: Comparison of data and simulation spectra. The simulation spectra arereweighted to the result of the �t. (a) Transverse momentum distribution for singleelectrons and muons. (b) Combined momentum distribution for di-lepton in opposite jetshaving opposite charge. (c) Combined momentum distribution for di-lepton in oppositejets having the same charge. In (b) and (c) the pcmin refers to the minimum combinedmomentum of the two leptons. 9



Error Source Range �BR(b! `) �BR(b! c! `) ���b10�2 10�2 10�2electron e�ciency �3:% �0.15 �0.14 �0.02misidenti�ed e �8% �0.05 �0.14 �0.04converted photons �10% <0.01 �0.09 �0.03� e�ciency barrel �2:8% �0.15 �0.20 �0.06� e�ciency forward �3:2% �0.03 �0.02 �0.02misidenti�ed � bar.;for. �6:5%;17% �0.01 �0.19 �0.05jet direction 0:8� +0.05 -0.12 + 0.30"c �9% �0.03 �0.02 �0.03"uds �22% �0.01 �0.02 �0.02`� b correlation �1:% �0.04 �0.13 �0.06Rb 0:2170� 0:0009 <0.01 <0.01 <0.01Rc 0:1734� 0:0048 �0.01 �0.01 �0.01total experimental �0.23 �0.40 �0.32hxE(c)i 0:484� 0:008 �0.02 �0.02 �0.04Br(b! c! `�) (1:62+0:44�0:36)% �0.03 �0.36 �0.29Br(b! � ! `) (0:452� 0:074)% �0.02 �0.06 �0.06Br(b! J= ! `+`�) (0:07� 0:02)% �0.05 �0.02 �0.17Br(c! `) (9:8� 0:5)% �0.02 �0.05 �0.05g! c�c (2:33� 0:50)% <0.01 <0.01 <0.01g! b�b (0:269� 0:067)% �0.07 �0.12 �0.14Semilept.mod.b! `[13] ACCMM (+ISGW�ISGW��) �0:24+0:41 +0:35�0:50 �0:31+0:50Semilept.mod.c! `[13] ACCMM1(+ACCMM2�ACCMM3) �0:08+0:07 �0:13+0:03 �0:30+0:31total models �0:27+0:43 �0:65+0:52 �0:57+0:70Table 3: Summary of systematic uncertainties in the analysis of single and di-leptonevents. If a range is given in % it means a relative variation around the central value.The systematic error due to the uncertainty on the b-quark direction and conse-quently on the lepton transverse momentum has been evaluated comparing the jetmomentum direction with the direction determined by the secondary vertex in caseit was successfully reconstructed. The mean di�erence in the jet direction was foundto be 1:5�; the �t has then been performed using both methods and half di�erenceon the results has been used as systematic error.� experimental uncertainty related to the b-avour tagging:e�ciencies to tag c and uds quarks have been varied according to the errors in [15].The correlation between the lifetime tag and the lepton tag has been varied to twiceits statistical error. The partial decay widths Rb and Rc have been varied accordingto their measurement errors.The stability of the result as a function of the cut on the b-avour tagging variablehas been checked to be compatible with the corresponding statistical uctuations.� the modelling uncertainty related to the assumed branching ratios and to di�erent10



lepton decay models has been calculated according to [13].The summary of systematic uncertainties is given in table 3.In conclusion from a �t to single and di-lepton events from data collected withthe DELPHI detector in 1994 and 1995, the semileptonic branching ratios BR(b! `),BR(b! c! `) and the average b mixing ��b have been measured obtaining the followingresults: BR(b! `) = (10:65� 0:11(stat)� 0:23(exp:sys:)�0:27+0:43(model))%BR(b! c! `) = (7:91� 0:23(stat)� 0:40(exp:sys:)�0:65+0:52(model))%��b = 0:128� 0:013(stat)� 0:003(exp:sys:)�0:006+0:007(model)7 Measurement of semileptonic b decays by applyinga Multitag MethodA new measurement of BR(b ! �) and BR(b ! c(�c) ! �) based on a multitag methodover data collected with the DELPHI detector in 1994 is presented here.In this analysis the contributions of uds, c and b avours are separated in an inclusiveway with a Multitag method. This method has the feature of using almost all the hadronicevents, due to being based on a avour deconvolution without the need for any furthercuts. One important by-product of the method is a systematic and independent analysisof the misidenti�cation probability.The selection of the hadronic events and the muon identi�cation is almost the sameas in section 3 and 4.1 respectively.7.1 Flavour taggingFor avour-tagging, a multivariate method was used. This method has been describedin [16] and succesfully applied on the �b�b=�hadr determination (see [17]). This method,which tags two hemispheres per event de�ned with the plane perpendicular to the thrustaxis, provides two important features: a) Minimal correlation between hemispheres, inparticular because the event vertex is computed independently in each hemisphere andb) Direct measurement on data of tagging e�ciencies and avour compositions. Thesetwo properties are important, the former because an independent and uncorrelated tag ofthe hemisphere with muon identi�cation is needed and the latter because the formalismof the analysis requires knowledge of the e�ciencies and compositions.The classi�cation criteria is based on the so-called avour multivariate discriminatorswhich combine the multivariate and the con�dences tag as described in reference [19]. Theavour tag is assigned by applying cuts in a priority order to the discriminators. Inside atag, hemispheres are subdivided into categories with additional cut criteria trying to haveat least one category in each avour with maximum e�ciency and the lowest possiblebackground. In this analysis a set of six categories have been used. In 1994 due tothe introduction of double sided vertex detectors a better b-tagging has been achieved.Moreover, in this analysis a good tagging performance in the charm sector is importantand the cuts de�ning the working point has been chosen in order to optimize the e�ciency.11



7.2 Flavour deconvolutionThe aim of avour deconvolution is to extract the spectra of the muon variables for eachavour. It can be achieved, because the avour composition of each category is known asa by-product of the Rb �t. The muon variable considered in this analysis is pt (transversemomentum with respect to the jet axis excluding the muon in the de�nition of the jet).Other variables can be chosen under the requirement that b tagging does not depend onthese variables.The category assigned to an identi�ed muon is the category found by the taggingin the opposite hemisphere. The aim of doing this is to avoid correlations between thehemisphere tagging and the presence of the muon. The estimated correlation betweenb-hemispheres, obtained as an usual correlation involving single hemisphere tag e�ciencyand double hemisphere tag e�ciency, has been shown to be �b = 0:0176� 0:0024 [16].The chosen observable is the number of identi�ed muons in a given category I in aninterval of pt (n�I (pt)) and, therefore at the same interval a �2 function can be de�ned as:�2 =XI �n�I (pt)�Nhem �Pj "jIRjD�j (pt)��2�2 (n�I (pt)) (1)where Nhem is the total number of hemispheres, Rj represents the fraction of avour j inthe sample, "jI is the probability to classify an hemisphere of avour j in the category Iand Dlj(pt) are candidate muon spectrum for the avour j, normalized to one hemisphere.The fractions Rj and the elements of the classi�cation matrix "jI are provided by the Rb�t. The formula above neglects correlations between tags in opposite hemispheres.The minimizing of this function leads to a set of three linear equations for each ptbin whose solutions are D�uds(pt), D�c (pt), D�b (pt). In order to check the goodness of themethod a test has been performed with Montecarlo data (see [18]).This method of the avour deconvolution can also be applied to other kind of particlesand observables. For example, the deconvolution can be applied to all charged tracks.The distributions obtained with tracks are an interesting result by themselves. Here theyare used to compute background as described in the next section.7.3 Background extractionIn this analysis fake muons are de�ned as any particle identi�ed as muon that, eitheris not a muon, or is a muon, but from a light hadron decay (mainly pions and kaons).Following this de�nition, all identi�ed muons in uds events are fake, if it is assumed thatthe fraction of heavy quark production from gluon splitting is negligible.Since the sources of background are not the same in uds, c and b events, a di�erentmisidenti�cation probability has been evaluated for each avour. This evaluation hasrequired as additional inputs the fraction of di�erent hadron species ( f(�), f(K), etc.)[20] and their identi�cation probabilities (�(�), �(K), etc.). The results obtained withthis determination of the muon misidenti�cation probability has been shown to be fullycompatible with an independent method used in the previous analysis.Subtracting these contaminations from the muon candidates per hemisphere, it ispossible to estimate the distributions of genuine muons. In the case of the charm avourit is only the prompt contribution and in the case of the b avour, it is the sum of theprompt and cascade contributions. 12



The �g 2 compares, in simulation, the pt distributions of the genuine muons achievedby the subtraction with the true muon distributions directly taken from simulation. Itcan be seen that the full spectra of genuine muons is well reproduced.
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Values from LEP Heavy Flavour Working Group have been taken and varied within1�. The ratios considered are: b! u, c! l, b! � ! l�, b! J= ! l�l+, g ! b�band g ! c�c.� Theoretical uncertainties related to model decays.They are undoubtedly the main source of systematics. The choice of the models hasbeen performed according to Lep Heavy Flavour Working Group.The details of the systematic uncertainties are given in Table 4.The results obtained are:BR(b! �) = (10:57� 0:14(stat)� 0:32(syst)�0:30+0:44(model))%BR(b! c(�c)! �) = (9:94� 0:27(stat)� 0:34(syst)+0:42+0:56(model))%8 ConclusionsFrom a �t to single and di-lepton events from data collected with the DELPHI detectorin 1994 and 1995, the semileptonic branching ratios BR(b! `), BR(b! c! `) and theaverage b mixing ��b have been measured obtaining the following results:BR(b! `) = (10:65� 0:11(stat)� 0:23(exp:sys:)�0:27+0:43(model))%BR(b! c! `) = (7:91� 0:23(stat)� 0:40(exp:sys:)�0:65+0:52(model))%��b = 0:128� 0:013(stat)� 0:003(exp:sys:)�0:006+0:007(model)Another analysis, independent from the previous one, based on a Multitag method,has obtained consistent results for the BR(b ! �) and the BR(b ! c(�c) ! �), whichprovide an interesting cross check.

15



Error source Range �BR(b! l) �BR(b! c(�c)! l)�-Identi�cationId. E�. barrel �2:8% �0:258 �0:210Id. E�. forward �3:2% �0:033 �0:032�-backgroundf(�) (71:65� 0:05)% �0:004 �0:014f(K) (16:62� 0:03)% �0:004 �0:016f(�-decay) (0:30� 0:01)% �0:012 �0:015f(other) (11:36� 0:03)% �0:001 �0:001�(�) (0:45� 0:01% �0:038 �0:157�(K)=�(�) (1:58� 0:04) �0:019 �0:063�(�� decay) (50:8� 1:00)% �0:007 �0:057�(other) (0:05� 0:004% �0:001 �0:001Tagging parametersTag. Par. Stat. �2% �0:134 �0:131Tag. Par. Rot. �0:034 �0:049Binning �0:08 �0:08FragmentationhxE(b)i 0:702� 0:008 �0:054 �0:073RatiosBr(b! u) 2:6� 0:2 % �0:004 �0:008Br(c! l) 9:8� 0:5 % �0:02 �0:06Br(b! � ! l�) 0:452� 0:074 % �0:016 �0:07Br(b! J= ! l�l+) 0:07� 0:02 % �0:047 �0:017Br(g ! b�b) 0:269� 0:067 % �0:007 �0:008Br(g ! c�c) 2:33� 0:50 % �0:001 �0:002TOTAL SYSTEMATIC(exp) �0:32 �0:34Decay Modelsb! l model ACCMM+ISGW�ISGW�� �0:285+0:426 +0:414�0:537c! l model ACCMM1+ACCMM2�ACCMM3 �0:083+0:079 �0:150+0:058Total models �0:297+0:433 +0:4180:558Table 4: Summary of systematic uncertainties in the Multitag analysis.
16
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