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Analysis techniquesAnalysis techniquesAnalysis techniques
Several measurement techniques used 

Common to all LEP experiments:
Divide hadronic events in two hemispheres
Use lifetime info to tag b hemispheres
high b purity samples (> 95%)
Look for leptons in the opposite hemispheres

Several measurement techniques used Several measurement techniques used 
Common to all LEP experiments:Common to all LEP experiments:

DivideDivide hadronichadronic events in two hemispheresevents in two hemispheres
Use lifetime info to tag b hemispheresUse lifetime info to tag b hemispheres
high b purity samples (> 95%)high b purity samples (> 95%)
Look for leptons in the opposite hemispheresLook for leptons in the opposite hemispheres

Need to distinguish b Need to distinguish b →→X lX l-- νν from other lepton sourcesfrom other lepton sources
b b →→ c c →→X lX l++ νν ((wrong sign cascade)wrong sign cascade)
b b →→ c c →→X lX l-- νν ((same sign cascade)same sign cascade)
b b →→ ττ--X X →→ ll--
c c →→X lX l++ νν
Bkg (leptons from J/Bkg (leptons from J/ψψ, gluon splitting,, gluon splitting,
misidentified leptons)misidentified leptons)

ALEPH, DELPHI, OPAL

DELPHI
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The key issueThe key issueThe key issue
First LEP analyses:First LEP analyses:
only lepton spectrum info used to distinguish different componenonly lepton spectrum info used to distinguish different componentsts

Large dependence on modelling of b fragmentation and decayLarge dependence on modelling of b fragmentation and decay

Present LEP analyses:Present LEP analyses:
Use additional information to reduce model dependence Use additional information to reduce model dependence 
(correlation of lepton charge with opposite hemisphere charge estimators)

Model Model depedencedepedence reduced, but still sizeablereduced, but still sizeable

New ALEPH result:New ALEPH result:
Two separate analyses (1. lepton pTwo separate analyses (1. lepton pTT info, 2. charge correlation estimators)info, 2. charge correlation estimators)
No NN combination usedNo NN combination used Good check of systematic effectsGood check of systematic effects
New treatment of modellingNew treatment of modelling Consistent results wrt usual treatmentConsistent results wrt usual treatment

with completely different approach with completely different approach 
Fragmentation from ALEPH dataFragmentation from ALEPH data No dependence on fragmentation modelNo dependence on fragmentation model
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counting pT spectrum

Weighted sum Relative contributions
of cascade and direct BR

ALEPH new b → X l ν: pT analysisALEPH new b ALEPH new b →→ X l X l νν: p: pTT analysisanalysis
TAG Hemisphere (B sample)

Tight cut on lifetime-mass tag

TAG Hemisphere (B sample)TAG Hemisphere (B sample)

Tight cut on lifetimeTight cut on lifetime--mass tagmass tag

Lepton Analysis Hemisphere

Identify leptons

Count them and use the pT
distribution to separate different 
components
Study of lepton rate wrt p allowsT 
BR(b→l) and BR(b→c→l) to be 
fitted simultaneously

Lepton Analysis HemisphereLepton Analysis Hemisphere

Identify leptonsIdentify leptons

Count them and use the pCount them and use the pTT
distribution to separate different distribution to separate different 
componentscomponents
Study of lepton rate wrt pStudy of lepton rate wrt pT T allowsallows
BR(bBR(b→→l) and BR(l) and BR(bb→→cc→→l) to be l) to be 
fittedfitted simultaneouslysimultaneously
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ALEPH new b → X l ν: 
charge correlation analysis
ALEPH new b ALEPH new b →→ X l X l νν: : 
charge correlation analysischarge correlation analysis
TAG Hemisphere Lepton Analysis Hemisphere 

P sample: high pT lepton (1.25 GeV/c) Lepton charge
J sample: loose lifetime-mass tag+jet charge cut QHEMI=f(jet ch., i.p. signif.)

Measure fraction of:
Opposite sign Same sign

TAG Hemisphere TAG Hemisphere Lepton Analysis Hemisphere Lepton Analysis Hemisphere 
P sample:P sample: high phigh pTT lepton (1.25 GeV/c)lepton (1.25 GeV/c) Lepton chargeLepton charge
J sample:J sample: loose lifetimeloose lifetime--mass tag+jet charge cutmass tag+jet charge cut QQHEMIHEMI=f(jet =f(jet chch.., i.p. , i.p. signifsignif.).)

Measure fraction of:Measure fraction of:
Opposite signOpposite sign Same signSame sign

ppTT information not usedinformation not used

Extract pExtract pTT spectrumspectrum

counting
JJ JJ

PP PP

PP

JJ

Fit numbers of opposite (same) 
charge lepton candidates nOC (nSC) to 
the expected fractions

ffP,JP,J && (1(1-- ffP,J P,J ): sensitive to ): sensitive to bb→→l l wrtwrt bb→→cc→→ll
relative ratio.relative ratio. Can be expressed in terms ofCan be expressed in terms of
Pb= probability to correctly tag Qb determined
from data using a double tag technique

DistinguishDistinguish bb→→l l wrtwrt bb→→cc→→ll using charge correlation wrt other b hemisphereusing charge correlation wrt other b hemisphere
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2 methods (3 tags used)2 methods (3 tags used)2 methods (3 tags used)

“pT analysis”: the pT of the leptons 
respect to the jet axis used to 
separate components

“p“pTT analysis”: the panalysis”: the pTT of the leptons of the leptons 
respect to the jet axis used to respect to the jet axis used to 
separate componentsseparate components

“charge correlation analysis”: the 
correlation between lepton charge and 
charge estimators (hemisphere charge 
or high pT lepton charge) in the 
opposite hemisphere gives info about 
their relative proportions

““charge correlation analysis”: the charge correlation analysis”: the 
correlation between lepton charge and correlation between lepton charge and 
charge estimators (hemisphere charge charge estimators (hemisphere charge 
or high or high ppTT lepton charge) in the lepton charge) in the 
opposite hemisphere gives info about opposite hemisphere gives info about 
their relative proportionstheir relative proportions

Larger statistical power

But large dependence on b → X l ν
decay modelling and hence on the 
shape of the pT spectrum

Larger statistical powerLarger statistical power

But large dependence on b But large dependence on b →→ X l X l νν
decay modelling and hence on the decay modelling and hence on the 
shape of the pshape of the pTT spectrumspectrum

Slightly worse statistical power

Reduced dependence on the b → X l ν 
decay modelling
Mainly affected by the uncertainty in 
the rate of b → c →X l- ν

Lepton spectrum extraction possible

Slightly worse statistical powerSlightly worse statistical power

Reduced dependence on the b Reduced dependence on the b →→ X l X l ν ν 
decay modellingdecay modelling
Mainly affected by the uncertainty in Mainly affected by the uncertainty in 
the rate of b the rate of b →→ c c →→X lX l-- νν

Lepton spectrum extraction possibleLepton spectrum extraction possible

ALEPH new b → X l ν measurementALEPH new b ALEPH new b →→ X l X l νν measurementmeasurement
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ALEPH new b → X l ν : new approach 
for the b → l decay modelling
ALEPH new b ALEPH new b →→ X l X l νν : new approach : new approach 
for the b for the b →→ l decay modellingl decay modelling

“Standard” treatment:
Fit to CLEO data with ACCMM, 
ISGW and ISGW**. 
Use

ACCMM Model for central value
ISGW and ISGW** for systematics

“Standard” treatment:“Standard” treatment:
Fit to CLEO data with ACCMM, Fit to CLEO data with ACCMM, 
ISGW and ISGW**. ISGW and ISGW**. 
UseUse

ACCMM Model for central valueACCMM Model for central value
ISGW and ISGW** for systematicsISGW and ISGW** for systematics

The shape of the B0(+) → l spectrum
depends on the following rates:
1) BR(B →Dlν)      = (1.95±0.27)%
2) BR(B →D*lν)     = (5.05±0.25)%
3) BR(B →D*X lν)  = (2.7  ±0.7)%

4) BR(B →D1lν) = (0.63±0.11)%
5) BR(B →D*2lν)= (0.23±0.09)%
6) Broad D**
7) Non resonant D**

The shape of the BThe shape of the B0(+)0(+) →→ l spectruml spectrum
depends on the following rates:depends on the following rates:
1)1) BR(B BR(B →→DlDlνν)      = (1.95)      = (1.95±±0.27)%0.27)%
2)2) BR(B BR(B →→D*lD*lνν)     = (5.05)     = (5.05±±0.25)%0.25)%
3)3) BR(B BR(B →→D*X lD*X lνν)  = (2.7  )  = (2.7  ±±0.7)%0.7)%

4)4) BR(B BR(B →→DD11llνν) = (0.63) = (0.63±±0.11)%0.11)%
5)5) BR(B BR(B →→D*D*22llνν)= (0.23)= (0.23±±0.09)%0.09)%
6)6) Broad D**Broad D**
7)7) Non resonant D**Non resonant D**

SinceSince

New approach:
Reweight MC for the measured rates
Systematics: vary relative D/D*/D** 
fraction by their errors

New approach:New approach:
ReweightReweight MC for the measured ratesMC for the measured rates
SystematicsSystematics: vary relative D/D*/D** : vary relative D/D*/D** 
fraction by their errorsfraction by their errors

BBss and b baryon production rates and b baryon production rates reweightedreweighted
to latest experimental results and to latest experimental results and 
uncertainties in the modelling accounted by uncertainties in the modelling accounted by 
enlarging the uncertainties for B BR by 25%enlarging the uncertainties for B BR by 25%
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ALEPH new b → X l ν : decay modelling 
and fragmentation
ALEPH new b ALEPH new b →→ X l X l νν : decay modelling : decay modelling 
and fragmentationand fragmentation

Usual Usual LEP LEP procedureprocedure for cfor c→→l and bl and b→→cc→→l l decay decay modelling modelling 
cc→→ll
•• Use the spectra given by a combined fit of ACCMM to Use the spectra given by a combined fit of ACCMM to 
DELCO and MARK III data (C.V. and DELCO and MARK III data (C.V. and ±± σσ))
bb→→c c →→ll
•• Use the cUse the c→→l models to describe the second step in the l models to describe the second step in the 
process and vary at the same time the Bprocess and vary at the same time the B→→D spectrum D spectrum 
obtained by fitting Peterson on CLEO data obtained by fitting Peterson on CLEO data 

“new spectra” in
agreement with
ACCMM one! Correlate the variations

Correlate the variationswith <with <XXbb> analysis
> analysis

Energy spectrum of weakly decaying B Energy spectrum of weakly decaying B 
taken from ALEPH datataken from ALEPH data
<<XXbb> = 0.716 > = 0.716 ±± 0.006 0.006 ±± 0.0060.006
[PLB 512 (2001) 30]  [PLB 512 (2001) 30]  

No dependence No dependence onon fragmentation model !fragmentation model !
(K. Harder talk, HQ(K. Harder talk, HQ--1)1)
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ALEPH b → X l ν & b → c →X l ν resultsALEPH b ALEPH b →→ X l X l ν & ν & b b →→ cc →→X l X l ν ν resultsresults
Transverse Momentum AnalysisTransverse Momentum Analysis Charge correlation analysisCharge correlation analysis

(%)(%) (%)(%)
BR(bBR(b→→l)l) 11.07 11.07 ±± 0.070.07statstat ±± 0.130.13syssys ±± 0.440.44modmod 10.57 10.57 ±± 0.110.11statstat ±± 0.290.29syssys ±± 0.200.20modmod

BR(bBR(b→→cc→→l)l) 7.52 7.52 ±± 0.100.10statstat ±± 0.440.44syssys ±± 0.350.35modmod 8.30 8.30 ±± 0.160.16statstat ±± 0.210.21syssys
+0.12+0.12

modmod--0.160.16

BR(bBR(b→→l)    10.70 l)    10.70 ±± 0.100.10statstat ±± 0.230.23syssys ±± 0.260.26modmod
W(pW(pTT)=0.25)=0.25 W(QW(Qbb)=0.75)=0.75

BR(bBR(b→→cc→→l)  8.18 l)  8.18 ±± 0.150.15statstat ±± 0.220.22syssys
+0.10+0.10

modmod
W(pW(pTT)=0.15)=0.15 W(QW(Qbb)=0.85)=0.85

--0.140.14

Results averaged using B.L.U.E. technique

Two different strategies used to measure BR(bBR(b→→l) l) & BR(bBR(b→→cc→→l)l), combined 
only a posteriori

1. pT analysis significantly affected by (b→l) modelling
2. Charge correlation analysis less model dependent but suffers for the 

uncertainty on the rate of b →W→c→l decay

Agreement between Agreement between the two the two resultsresults is a is a crucial consistency crucial consistency checkcheck
In both cases new treatment for In both cases new treatment for 
the bthe b→→l modelling using measured l modelling using measured 
rates of the different c hadrons rates of the different c hadrons 
in the final statesin the final states

Consistent results with standard Consistent results with standard 
LEP approach LEP approach 
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LEP BR(b → X l ν) averageLEP BR(b LEP BR(b →→ X l X l νν)) averageaverage

LEP EWWG fit

ICHEP ‘02 10.65 ± 0.23

Global fit to Heavy Flavours results 
Rb, BR(b→l), BR(b→c→l), BR(c→l),χ

common input parameter values and 
systematic definitions used by all
experiments
B.L.U.E. technique: take into account 
correlated systematics

sample compositionsample composition
b and c lifetimesb and c lifetimes
BB++, B, B00, B, Bss, , ΛΛbb production fractionsproduction fractions
gg→→bb, bb, gg→→cccc
b and c fragmentationb and c fragmentation
ΛΛbb polarisationpolarisation
semileptonicsemileptonic decay modeldecay modelss

+1+1σσ ISGWISGW 11% D**11% D**
centralcentral ACCMM ACCMM tuned to CLEO datatuned to CLEO data
--11σσ ISGW**ISGW** 33%D**33%D**

uncertainty from the modellinguncertainty from the modelling of bof b→→ l l 
dominatesdominates (0.15 of 0.23 total error)(0.15 of 0.23 total error)
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B B →→ X lX l-- νν (CLEO+ARGUS)*(CLEO+ARGUS)* 10.38 10.38 ±± 0.320.32
B B →→ X lX l-- νν (BABAR)(BABAR)prelprel 10.87 10.87 ±± 0.350.35
B B →→ X lX l-- νν (BELLE)(BELLE)prelprel 10.90 10.90 ±± 0.520.52
B B →→ X lX l-- νν (Y(4S))(Y(4S)) 10.63 10.63 ±± 0.250.25
b b →→ X lX l-- νν (LEP)(LEP) 10.65 10.65 ±± 0.230.23
B B →→ D lD l-- ν∗ν∗ 2.13 2.13 ±± 0.220.22
B B →→ DD** ll-- ν∗ν∗ 5.05 5.05 ±± 0.250.25
B B →→ DD(*)(*) ππ ll-- ν∗ν∗ 2.26 2.26 ±± 0.440.44

B B →→ DD11
0 0 ll-- νν X*             0.74 X*             0.74 ±± 0.160.16

B B →→ X lX l-- v*     v*     < 0.65  90% CL< 0.65  90% CL
B B →→ XXuu ll-- νν 0.17 0.17 ±± 0.050.05
Total B exclusive 9.61 ±± 0.55

The sum of exclusive semileptonic BR 
agrees with the inclusive within ∼1.5σ

*PDG values

BR(b → X l ν)BR(b BR(b →→ X l X l νν))
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LEP b → c → X l ν averageLEP b LEP b →→ c c →→ X l X l νν averageaverage
Global fit to Heavy Flavour Global fit to Heavy Flavour 
results from LEPEWWGresults from LEPEWWG

Large uncertainties from bLarge uncertainties from b→→l l 
modellingmodelling
Statistical error sizeable

LEP EWWG fit

ICHEP ‘02 8.04 ± 0.19

Statistical error sizeable
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ConclusionsConclusionsConclusions
LEP has measured BR(b → l) and BR(b → c → l) with several 
techniques
BR(bBR(b→→l)       0.1065 l)       0.1065 ±± 0.00090.0009statstat ±± 0.00150.0015syssys ±± 0.00150.0015mod mod (0.0026(0.0026ALEPH ALEPH modmod))

BR(bBR(b→→cc→→l)    0.804 l)    0.804 ±± 0.00120.0012statstat ±± 0.00130.0013syssys ±± 0.00090.0009modmod

BR(BBR(B→→X l X l νν)|)|LEPLEP=BR(=BR(BB→→X l X l νν) x ) x ττBB//ττbb = 0.1082 = 0.1082 ±± 0.00230.0023

BR(BBR(B→→X l X l νν)|)|Y(4S)Y(4S)= 0.1063 = 0.1063 ±± 0.00250.0025

Average results are consistent with Y(4S) measurements

A careful investigation of systematic errors due to modelling
and fragmentation model has been done
New measurements from ALEPH which use a different 
approach for the (b → l) modelling and have no fragmentation
model dependence give results consistent with the usual LEP
treatment. This can be considered as a cross-check of the
robustness of the analyses.
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ALEPH new b → X l ν: systematicsALEPH new b ALEPH new b →→ X l X l νν: systematics: systematics

Lepton pT analysis

BR(b → cbar → l) = 0.010

b frag = -0.074

b → l mod = 0.426

c → l mod = -0.087 +0.072

b → D mod = -0.072 +0.060

Charge correlation

BR(b → cbar → l) = -0.223

b frag = -0.089

b → l mod = 0.202

c → l mod = -0.038 +0.021

b → D mod = negl
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ALEPH new b → c → X l ν: systematicsALEPH new b ALEPH new b →→ c c →→ X l X l νν: systematics: systematics

Lepton pT analysis
(in units of 10-2)

BR(b → cbar → l) = -0.407

b frag = -0.120

b → l mod = 0.348

c → l mod = -0.037 +0.020

b → D mod = -0.055 +0.049

Charge correlation
(in units of 10-2)

BR(b → cbar → l) = -0.039

b frag = -0.101

b → l mod = 0.085

c → l mod = -0.117 +0.063

b → D mod = +0.058 –0.050
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ALEPH new b → X l ν: systematicsALEPH new b ALEPH new b →→ X l X l νν: systematics: systematics

Total        ±0.128 ± 0.290  ± 0.443 ± 0.212
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ALEPH new b → X l ν: lepIDALEPH new b ALEPH new b →→ X l X l νν: lepID: lepID
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ALEPH new b → X l ν: b purity ALEPH new b ALEPH new b →→ X l X l νν: b purity : b purity 
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ALEPH new b → X l ν: charge tag rate ALEPH new b ALEPH new b →→ X l X l νν: charge tag rate : charge tag rate 
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ALEPH new b → X l ν: charge tag rate ALEPH new b ALEPH new b →→ X l X l νν: charge tag rate : charge tag rate 
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ALEPH new b → X l ν: charge tag rate ALEPH new b ALEPH new b →→ X l X l νν: charge tag rate : charge tag rate 
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