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Abstra
t

The semileptoni
 bran
hing ratios for primary and 
as
ade b de
ays BR(b!`

�

),

BR(b!
!`

+

) and BR(b!�
!`

�

) were measured in hadroni
 Z de
ays 
olle
ted by

the DELPHI experiment at LEP from 1992 to 1995.

The sample was enri
hed in b de
ays using the lifetime information and various

te
hniques were used to separate leptons from dire
t or 
as
ade b de
ays.

By �tting the momentum spe
tra of di-leptons in opposite jets, the average b

mixing parameter ��

b

was also extra
ted.



1 Introdu
tion

This paper presents the measurement of in
lusive semileptoni
 bran
hing ratios of b

quarks in hadroni
 Z de
ays using data 
olle
ted with the DELPHI dete
tor at LEP from

1992 to 1995. Four di�erent analysis have been performed, using di�erent strategies and

partially overlapping statisti
al data samples.

Events 
ontaining b hadrons were sele
ted using lifetime information, ele
trons and

muons were tagged and various te
hniques were used to determine the origin of the lepton.

Dire
t and 
as
ade bran
hing ratios: BR(b!`

�

), BR(b!
!`

+

) and BR(b!�
!`

�

) were

measured, and by �tting the momentum spe
tra of di-leptons in opposite jets, the average

b mixing parameter ��

b

was also extra
ted.

The plan of the paper is the following: a des
ription of the DELPHI dete
tor is given

in Se
tion 2 . The sele
tion of the hadroni
 events sample is des
ribed in Se
tion 3 . A

brief summary of the relevant performan
es of lepton identi�
ation algorithms is given in

se
tion 5 .

The results of the single and di-lepton analysis are presented in Se
tion 6, the results of

the single lepton and jet-
harge analysis are presented in Se
tion 7, the Multitag analysis is

des
ribed in Se
tion 8 and the in
lusive B-re
onstru
tion analysis is des
ribed in Se
tion 9.

Finally in se
tion 10 averages among the results of the four analyses are 
al
ulated.

2 The DELPHI dete
tor

The DELPHI dete
tor has been des
ribed in detail in ref. [1℄. Only the 
omponents

relevant in this analysis are mentioned here.

In the barrel region, the 
harged parti
les are measured by a set of 
ylindri
al tra
king

dete
tors whose axes are parallel to the 1.2 T solenoidal magneti
 �eld and to the beam

dire
tion. The time proje
tion 
hamber (TPC) is the main tra
king devi
e. The TPC is

a 
ylinder with a length of 3 m, an inner radius of 30 
m and an outer radius of 122 
m.

Tra
ks are re
onstru
ted using up to 16 spa
e points in the region 39

Æ

< � < 141

Æ

, where

� is the polar angle with respe
t to the beam dire
tion. Tra
ks 
an be re
onstru
ted using

at least 4 spa
e points down to 21

Æ

and 159

Æ

.

Additional pre
ise R� measurements, in the plane perpendi
ular to the magneti
 �eld,

are provided at larger and smaller radii by the Outer and Inner dete
tors respe
tively.

The Outer Dete
tor (OD) has �ve layers of drift 
ells at radii between 198 and 206 
m

and 
overs polar angles from 42

Æ

to 138

Æ

. The Inner Dete
tor (ID) is a 
ylindri
al drift


hamber having inner radius of 12 
m and outer radius of 28 
m. It 
ontains a jet 
hamber

se
tion providing 24 R� 
oordinates surrounded by �ve layers of proportional 
hambers

providing both R� and longitudinal z 
oordinates.

The mi
ro-vertex dete
tor (VD) is lo
ated between the LEP beam pipe and the ID [2℄.

It 
onsists of three 
on
entri
 layers of sili
on mi
rostrip dete
tors pla
ed at radii of

6.3, 9.0 and 10.9 
m from the intera
tion region, 
alled respe
tively: 
loser, inner and

outer layer. For all layers the mi
rostrip dete
tors provide hits in the R�-plane with

a measured intrinsi
 resolution of about 8 �m; the inner and outer layers provide in

addition measurements in the z dire
tion, with a pre
ision depending on the polar angle
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and rea
hing a value of 9 �m for tra
ks perpendi
ular to the modules. The polar angle


overage for 
harged parti
les hitting all three layers of the dete
tor is 44

Æ

< � < 136

Æ

;

the 
loser layer 
overage goes down to 25

Æ

. The z measurement was only available in 1994

and 1995.

The barrel ele
tromagneti
 
alorimeter, HPC, 
overs the polar angles between 42

Æ

and 138

Æ

. It is a gas-sampling devi
e whi
h provides 
omplete three dimensional 
harge

information in the same way as a time proje
tion 
hamber. Ea
h shower is sampled nine

times in its longitudinal development. Along the drift dire
tion, parallel to the DELPHI

magneti
 �eld, the shower is sampled every 3.5 mm ; in the plane perpendi
ular to the

drift the 
harge is 
olle
ted by 
athode pads of variable size, ranging from 2.3 
m in the

inner part of the dete
tor to 7 
m in the outer layers.

In the forward regions the tra
king is 
ompleted by two sets of planar drift 
hambers

(FCA and FCB) pla
ed at distan
es of �165 
m and �275 
m from the intera
tion point.

A lead glass 
alorimeter (EMF) is used to re
onstru
t ele
tromagneti
 energy in the

forward region.

Muon identi�
ation in the barrel region is based on a set of muon 
hambers (MUB),


overing polar angles between 53

Æ

and 127

Æ

. It 
onsists of six a
tive planes of drift


hambers, two inside the return yoke of the magnet after 90 
m of iron (inner layer) and

four outside after a further 20 
m of iron (outer and peripheral layers). The inner and

outer modules have similar azimuthal 
overage. The gaps in azimuth between adja
ent

modules are 
overed by the peripheral modules. Therefore a muon traverses typi
ally

either two inner layer 
hambers and two outer layer 
hambers, or just two peripheral

layer 
hambers. Ea
h 
hamber measures the R� 
oordinate with a pre
ision of about 2-

3 mm. Measuring R� in both the inner layer and the outer or peripheral layer determines

the azimuthal angle of muon 
andidates leaving the return yoke within about �1

Æ

. These

errors are mu
h smaller than the e�e
ts of multiple s
attering on muons traversing the

iron.

In the forward region the muon identi�
ation is done using two sets of planar drift


hambers (MUF) 
overing the angular region between 11

Æ

and 45

Æ

. The �rst set is pla
ed

behind 85 
m of iron and the se
ond one behind an additional 20 
m. Ea
h set 
onsists

of two orthogonal layers of drift 
hambers where the anode is read out dire
tly and the


athode via a delay line to measure the 
oordinate along the wire. The resolution in both


oordinates is about 4 mm.

3 Event sele
tion

The de
ays of the Z to hadrons were sele
ted by requiring:

� a total energy of the 
harged parti
les larger than 15 % of the 
entre-of-mass energy;

� at least 7 re
onstru
ted 
harged parti
les.

Charged parti
les were a

epted if their polar angle was between 20

Æ

and 160

Æ

, their

tra
k length was larger than 30 
m, their impa
t parameter relative to the intera
tion

point was less than 5 
m in the plane perpendi
ular to the beam dire
tion and less
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than 10 
m along the beam dire
tion and their momentum was larger than 200

MeV=
 with a relative error smaller than 100%.

Neutral parti
les dete
ted in the HPC and EMF or in the hadroni
 
alorimeters were

required to have a measured energy larger than 500 MeV.

With these 
riteria, the e�
ien
y to sele
t q�q events from the simulation was about

95%. All sour
es of ba
kground have been found to be below 0.1%. No signi�
ant di�er-

en
es in the a

eptan
e between di�erent �avours have been found.

For ea
h event the thrust axis was 
al
ulated from all the 
harged and neutral parti
les

sele
ted as above. Only events with: j 
os �

thrust

j < 0:90 were used.

Requiring, in addition, that all subdete
tors needed for these analysis were fully op-

erating, a total of about 1030000 and 515000 Z hadroni
 de
ays were sele
ted from the

1994 and 1995 data sample respe
tively. About 3800000 events were sele
ted from a sim-

ulated sample of Z ! q�q events. A redu
ed angular region was used in some parts of the

following analysis to assure a good vertex dete
tor a

eptan
e.

Events were generated with the JETSET 7.4 event generator [3℄ using parton shower

and string fragmentation with parameters optimized to des
ribe the hadroni
 distributions

as measured by DELPHI. The events thus generated were passed through a detailed sim-

ulation [1℄ whi
h modeled the dete
tor response and pro
essed through the same analysis


hain as the real data .

Jets were formed from the 
harged and neutral parti
les using the JADE algorithm

with Y

min


ut

= 0:02 [4℄.

The transverse momentum of the lepton ( p

t

) was determined relative to the dire
tion

of the jet, ex
luding the lepton itself.

Any di�eren
e with these sele
tion 
riteria, as well as their e�e
t on the statisti
s used,

will be expli
itly des
ribed for ea
h analysis.

4 b-�avour tagging

A b-�avour tagging algorithm was used in order to obtain a sample enri
hed in Z! b

�

b

events. Analysis I,II and IV used the 
ombined b-�avour tagging algorithm des
ribed in

[5℄. This algorithm 
ombines in a single variable several quantities whi
h are sensitive

to the presen
e of a b-hadron. The main dis
riminant variable is the probability from

all tra
ks belonging to the hemisphere to 
ome from the primary vertex, 
al
ulated from

the positively signed impa
t parameters of the tra
ks. Other variables were de�ned for

hemispheres 
ontaining a se
ondary vertex. These variables are: the e�e
tive mass of

parti
les used for the se
ondary vertex, the rapidity of tra
ks in
luded in the se
ondary

vertex with respe
t to the jet dire
tion and the fra
tion of the 
harged energy of a jet

in
luded in the se
ondary vertex. Optimized levels of e�
ien
y and purity were 
hosen

in ea
h analysis.

Analysis III used as a �avour tag a multivariate method, as des
ribed in se
tion 8.1.1.
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5 Lepton sample

5.1 Muon identi�
ation

To identify a 
harged parti
le with momentum greater than 3 GeV=
 as a muon 
an-

didate, its tra
k was extrapolated to ea
h of the layers of the muon 
hambers taking into

a

ount multiple s
attering in the material and the propagation of tra
k re
onstru
tion

errors [6℄. A �t was then made between the tra
k extrapolation and the position and

dire
tion of the hits in the muon 
hambers. Ambiguities with muon 
hamber hits asso-


iated to more than one extrapolated tra
k were resolved by sele
ting the tra
k with the

best �t. The 
harged parti
le was then identi�ed as a muon if the �t was su�
iently good

and hits were found outside the return iron yoke.

To ex
lude regions with poor geometri
al a

eptan
e, a muon was a

epted if its polar

angle, �

�

, was within one of the following intervals:

0:03 < j 
os �

�

j < 0:62

0:68 < j 
os �

�

j < 0:95;

whi
h de�ned the barrel and the forward regions, respe
tively.

The muon identi�
ation e�
ien
y was measured in Z ! �

+

�

�

events, in the de
ays of

taus into muons and in muons from two-photons 
ollisions 

 ! �

+

�

�

. A mean e�
ien
y

of 0:82 � 0:01 was found with little dependen
e on the muon momentum and the tra
k

polar angle. Predi
tions of simulation agree with data, both in absolute value and in the

momentum dependen
e, within a pre
ision of 2.0% and 2.5% in the barrel and in the

forward region respe
tively. An estimate of the misidenti�
ation probability was obtained

by mean of a lifetime-based anti b-tag, to sele
t a ba
kground enri
hed sample. After the

subtra
tion of the muon 
ontent in the sele
ted sample the misidenti�
ation probability

was found to be (0:52�0:03)% in the barrel and (0:36�0:06)% in the forward region. The

ratio with the same quantity in simulated events was found to be in average 2:03� 0:12

(2:02 � 0:13) in the barrel and 1:22 � 0:20 (1:78 � 0:24) in the forward region in the

1994 (1995) samples respe
tively, showing a little momentum dependen
e and a � 30%

redu
tion near the border of the muon 
hambers geometri
al a

eptan
e.

The hadron misidenti�
ation probability, both in data and in simulation, was 
ross-


he
ked using pions from K

0

s

and � de
ays and 
ompatible results were found. In Analysis

I, II and IV the simulated hadrons misidenti�ed as muons were reweighted a

ording to

the probability measured in data. In Analysis III a di�erent approa
h was used to estimate

the misidenti�
ation probability, as des
ribed in se
tion 8.2, and good agreement with the

above results was found.

5.2 Ele
tron identi�
ation

Charged parti
les with momenta greater than 3 GeV=
 and within the e�
ient a

ep-

tan
e region of the HPC (0:03 < j 
os �

e

j < 0:72) were a

epted as ele
tron 
andidates on

the basis of the information from the HPC, the TPC and the Ring Imaging CHerenkov

dete
tor. Tra
ks were extrapolated to the HPC where showers were asso
iated to them;

signals from the various dete
tors have then been analyzed by a neural network [7℄.
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The network response was analyzed in a sample of simulated ele
trons from b and 


de
ays, and a momentum dependent 
ut was de�ned in order to have a 65% e�
ien
y


onstant over the full momentum range.

The e�
ien
y of tagging an ele
tron was measured in the data by means of a set of

isolated ele
trons extra
ted from sele
ted Compton events and a set of ele
trons produ
ed

from photon 
onversions in the dete
tor. The e�
ien
y was then 
ompared to that of the

simulated event samples. The ratio of the experimental e�
ien
y to the simulated one

was parameterized in terms of the p

t

and the polar angle of the tra
k and found to be in

average 0:92 � 0:02 and 0:93 � 0:02, in the 1994 and 1995 samples respe
tively. It was

then applied to the sample of ele
trons in the simulated qq events.

The probability of tagging a hadron as an ele
tron was measured in the data by

sele
ting a ba
kground sample by means of an anti b-tag te
hnique in the same manner

as for muons. The measured misidenti�
ation probability in data, and the ratio with the

same quantity in simulated events were in average (0:40� 0:02)% and 0:76� 0:05 in the

1994 sample, (0:38� 0:04)% and 0:70� 0:06 in the 1995 samples, respe
tively, showing a

few per
ent relative in
rease at the HPC boundary.

To redu
e the 
ontamination from ele
trons produ
ed from photon 
onversions, ele
-

tron 
andidates were removed if they were 
onsistent with 
oming from a se
ondary vertex

and 
arrying no transverse momentum relative to the dire
tion from the primary to the

se
ondary vertex.

5.3 Simulated lepton sample

Samples of simulated events, whi
h were pro
essed through the same analysis 
hain as

the data as des
ribed in Se
tion 3, were used to obtain referen
e spe
tra for the di�erent

sour
es of simulated leptons.

The b semileptoni
 de
ays to ele
trons and muons were simulated using the IGSW

model. The model of Bauer et al. [8℄, whi
h takes into a

ount the �nite mass of the

produ
ed lepton, was used for the B de
ays into � 's. For D de
ays the bran
hing ratios

were adjusted to be better in agreement with measured values [9℄, and ful�lling isospin

invarian
e. The di�erent semileptoni
 de
ay modes, the bran
hing ratios for the de
ays to

neutral pions, when not measured, were obtained imposing isospin invarian
e. Referen
e

spe
tra with alternative models have been obtained reweighting the events a

ording

to the de
ay model 
onsidered. The weight was 
omputed on the basis of the lepton

momentum in the B(D) rest frame. For the 
entral value of the results, the ACCMM

model was used, for the evaluation of the systemati
 error, the IGSW and ISGW

��

models

were used, a

ording to [10℄.

Leptons from the de
ay 
hain b! W ! �
q ! `

�

X (the so 
alled �upper vertex�) were


onsidered with both the 
ontribution of D

s

! `

�

X and

�

D

0

(D

�

)! `

�

X.
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6 Analysis I: Measurement of semileptoni
 b de
ays

from single leptons and di-leptons spe
tra

In this analysis the semileptoni
 bran
hing ratios for primary and 
as
ade b de
ays

BR(b!`

�

), BR(b!
!`

+

) , BR(b!�
!`

�

) and the average b mixing parameter, ��

b

, are

measured using momentum spe
tra of single lepton and di-leptons in opposite jets. The

single lepton spe
tra are studied in a sample of pure b

�

b events, sele
ted by means of a

b-�avour tagging algorithm. For the di-lepton sample, an enri
hed b

�

b purity is obtained

by requiring a minimum p

t

for one of the two leptons.

The sensitivity to the di�erent sour
es of leptons is given by the kinemati
al properties

of leptons from di�erent sour
es and by the 
harge 
orrelation between di-leptons in

opposite jets from b and

�

b respe
tively.

With respe
t to a previous analysis [11℄ where a global �t to several ele
troweak

parameters was performed, there is little dependen
e on the partial de
ay widths of the

Z into b

�

b and 
�
 quark pairs ( R

b

= �

b

�

b

=�

had

, R




= �


�


=�

had

) and the ba
kground due

to misidenti�ed hadrons and leptons from de
ays and pun
h-through of light hadrons is

redu
ed.

Hadroni
 events and lepton 
andidates were sele
ted as des
ribed in Se
tions 3 and

5. The angular region j 
os �

thrust

j < 0:9 is used for di-lepton 
andidates, while for single

lepton events, to have a good e�
ien
y in the b-�avour tagging, events were 
onsiderd

only if they veri�ed j 
os �

thrust

j < 0:7. As a 
onsequen
e, only barrel muon 
hambers were


onsidered for single muons. About 768000 and 385000 Z hadroni
 de
ays were sele
ted

in the 1994 and 1995 data samples, respe
tively.

6.1 Single lepton �t

Events were divided into two hemispheres, with respe
t to a plane perpendi
ular to the

thrust axis and passing through the beam intera
tion point, and the primary vertex was

re
onstru
ted in ea
h hemisphere. The 
ombined b-�avour tagging algorithm des
ribed

in se
tion 4 was used to sele
t hemispheres enri
hed in b-hadron 
ontent, while in the

opposite hemisphere the single lepton spe
tra were studied. For the 
ut on the 
ombined

variable used in this analysis, the following e�
ien
ies for sele
ting di�erent �avours were

estimated from simulation:

"

b

= (39:34� 0:05)%

"




= (1:87� 0:02)%

"

uds

= (0:189� 0:003) %

so that the fra
tion of b events in the sample was P

b

= 95:1%.

The value of "

b

is quoted only for referen
e, sin
e it is never used in the following. In

pra
ti
e the number N

H

b

of tagged hemispheres whi
h 
ontain a b quark was estimated

as:

N

H

b

= N

H

tag

� ("




�R




+ "

uds

� R

uds

)� 2N

had

where: N

H

tag

and N

had

are the total numbers of tagged hemispheres and the number of

hadroni
 events, respe
tively, and R

uds

= �

uds

=�

had

= 1 � R

b

� R




. For R

b

and R




the

LEP average 0:2170� 0:0009 and 0:1734� 0:0048 were used respe
tively [12℄.

In the simulation, the same values N

H

b

, "




and "

uds

were used.
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On
e an hemisphere was tagged as b, leptons were studied in the opposite one. A


orre
tion was applied, due to the 
orrelation between the lifetime tag and the lepton

tag. A

ording to the simulation, it arised mainly from the a

eptan
e requirements,

whi
h are di�erent for ele
trons and muons, and amounted to �

e

= 1:003 � 0:005 and

�

�

= 1:017 � 0:005. Here � is the ratio between the fra
tion of leptons tagged in a

hemisphere opposite to a b-�avour tagged one and the fra
tion of leptons tagged in an

unbiased b hemisphere. Before 
al
ulating the lepton transverse momentum, a sear
h for

se
ondary verti
es was performed with the same algorithm as in [5℄. If a se
ondary vertex

was present in the jet, the jet dire
tion was 
orre
ted using the primary to se
ondary vertex

dire
tion.

A binned maximum likelihood �t was used to 
ompare the momentum and transverse

momentum spe
tra of ele
trons and muons in data with the simulation.

Lepton 
andidates were 
lassi�ed a

ording to their di�erent origin as follows:

a) dire
t b-de
ay:

b! `

�

+X,

b) �right sign� 
as
ade de
ays:

b! �
 + X! `

�

+X,


) �wrong sign� 
as
ade de
ays:

b! 
 + X! `

+

+X,

d) dire
t 
-de
ay


! `

+

+X,

e) prompt leptons from J=	 de
ays or from b or 
 de
ays, where the 
�
 (b

�

b) pair is

produ
ed by gluon splitting,

f) misidenti�ed or de
aying hadrons.

The above 
lassi�
ation was 
onsidered both for ele
trons and muons, separately.

6.2 Di-lepton �t

The single lepton likelihood was multiplied by a likelihood obtained for di-leptons

in opposite hemispheres, in order to separate the BR(b!`

�

) from the BR(b!
!`

+

)

and the BR(b!�
!`

�

) 
omponents and to extra
t the average mixing parameter ��

b

. In

the di-lepton sample no b-�avour tag was used, in order not to introdu
e any bias in

the 
omposition of the b-hadrons sample. The b enri
hment was obtained by requiring

a minimum p

t

for one of the two leptons. The full p

t

spe
tra was 
onsidered for the

opposite lepton. For a 
ut at p

t

> 1:2 GeV=
, a b purity of about 88% was obtained using

simulated events.

Di-lepton events were separated, for both the data and the simulated samples, into

six 
ategories depending on whether the two lepton 
andidates have the same or oppo-

site 
harge and on whi
h 
ombination of lepton spe
ies (ee; e�; ��) they belonged to.

Lepton pairs were used if the two leptons were separated by at least 90

o

, while lepton

7



pairs 
oming from the same jet were omitted from the �t to avoid additional system-

ati
 un
ertainties in the 
omposition of the 
as
ade lepton sample. For ea
h 
ategory,

simulated events were separated into the above mentioned 
lasses (a-f). To guarantee a

reasonable number of events in ea
h bin, the p and p

t

of ea
h lepton in the pair were


ombined to form one variable, the 
ombined momentum, p




, de�ned as p




=

q

p

2

t

+

p

2

100

.

Two-dimensional referen
e distributions were obtained for the 
hosen 
ombinations in

the variables (p

min




; p

max




), where p

min




(p

max




) refers to the smallest (largest) 
ombined

momentum.

If B

0

�

�

B

0

mixing is not 
onsidered, the main sour
e of di-leptons having opposite


harges are dire
t b-de
ays: (b! `

�

)(

�

b! `

+

). But, in the presen
e of mixing, a fra
tion

2��

b

(1 � ��

b

) of these di-leptons have the same 
harge. Same 
harge di-leptons also arise

from events with one dire
t b-de
ay and one 
as
ade b-de
ay: (b! `

�

)(

�

b! �
! `

�

).

Be
ause of mixing a fra
tion 2��

b

(1 � ��

b

) of these events will enter the opposite 
harge


lass.

6.3 Results and systemati
 errors

The results obtained with the 1994 and 1995 samples and their 
ombination are shown

in table 1, where the errors are statisti
al only.

1994 1995 1994+1995

BR(b!`

�

) 0:1064� 0:0013 0:1069� 0:0018 0:1066� 0:0011

BR(b!
!`

+

) 0:0824� 0:0047 0:0781� 0:0062 0:0808� 0:0037

BR(b!�
!`

�

) 0:0145� 0:0042 0:0206� 0:0053 0:0168� 0:0033

��

b

0:119� 0:016 0:138� 0:022 0:1256� 0:013

Table 1: Results of the �t to the 1994 and 1995 lepton samples and their 
ombination.

The errors are statisti
al only.

The Peterson fragmentation parameter [13℄, �

b

, was left free to vary in the �t. Con-

verted into the mean fra
tional energy of b-�avoured hadrons it gives hx

E

i = 0:7126 �

0:0031, where the error is statisti
al only.

In �gure 1 single lepton and di-lepton spe
tra are shown. The simulation spe
tra have

been reweighted a

ording to the result of the �t.

The 
orrelation matrix for the statisti
al error is shown in table 2.

BR(b!`

�

) BR(b!
!`

+

) BR(b!�
!`

�

) ��

b

�

b

BR(b!`

�

) 1.00 -0.246 -0.067 0.087 0.202

BR(b!
!`

+

) 1.00 -0.795 -0.157 -0.050

BR(b!�
!`

�

) 1.00 0.109 -0.036

��

b

1.00 0.018

�

b

1.00

Table 2: Correlation matrix of statisti
al un
ertainties.
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Figure 1: Comparison of data and simulation spe
tra. The simulation spe
tra have been

reweighted a

ording to the result of the �t. (a) Transverse momentum distri-

bution for single ele
trons and muons. (b) Combined momentum distribution

for the two leptons in di-lepton events, identi�ed in opposite jets and having

an opposite 
harge. (
) Combined momentum distribution for the two leptons

in di-lepton events, identi�ed in opposite jets and having the same 
harge. In

(b) and (
) the p

min




refers to the minimum 
ombined momentum of the two

leptons.
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Error Sour
e Range �BR(b!`

�

) �BR(b!
!`

+

) �BR(b!�
!`

�

) ���

b

10

�2

10

�2

10

�2

10

�2

ele
tron e�
ien
y �3% �0.15 �0.14 �0.06 �0.02

misidenti�ed e �8% �0.05 �0.14 �0.06 �0.04


onverted photons �10% <0.01 �0.06 �0.03 �0.01

� e�
ien
y barrel �2:8% �0.15 �0.20 �0.06 �0.06

� e�
ien
y forward �3:2% �0.03 �0.01 �0.01 �0.02

misidenti�ed � bar.;for. �6:5%;17% �0.01 �0.15 �0.06 �0.02

jet dire
tion 0:8

Æ

+0.05 -0.03 -0.08 + 0.6

"




�9% �0.02 �0.01 �0.01 �0.03

"

uds

�22% �0.01 �0.02 �0.0 �0.02

`� b 
orrelation �1% �0.05 �0.11 �0.03 �0.03

R

b

0:2170� 0:0009 <0.01 <0.01 <0.01 <0.01

R




0:1734� 0:0048 �0.01 �0.01 �0.01 �0.01

hx

E

(
)i 0:484� 0:008 �0.02 �0.03 �0.03 �0.02

b!W!D

b!W!D

s

(1:28

+1:52

�0:61

) �0.03

+0:20

�0:11

�0:23

+0:13

�0:09

+0:07

Br(b! � ! `) (0:452� 0:074)% �0.02 �0.03 �0.04 �0.02

Br(b! J= ! `

+

`

�

) (0:07� 0:02)% �0.05 �0.01 �0.01 �0.18

Br(
! `) (9:8� 0:5)% �0.02 �0.04 �0.07 �0.01

g! 
�
 (2:33� 0:50)% <0.01 <0.01 <0.01 <0.01

g! b

�

b (0:269� 0:067)% <0.01 <0.01 <0.01 �0.01

total systemati
 �0.24 �0.38 �0.25 �0.69

Semilept.mod.b! `[10℄ ACCMM (

+ISGW

�ISGW��

)

�0:24

+0:41

+0:23

�0:29

+0:14

�0:23

�0:23

+0:28

Semilept.mod.
! `[10℄ ACCMM1(

+ACCMM2

�ACCMM3

)

�0:08

+0:07

�0:11

+0:01

�0:03

+0:02

�0:33

+0:34

total models

�0:25

+0:42

�0:31

+0:23

�0:23

+0:14

�0:40

+0:44

Table 3: Summary of systemati
 un
ertainties in the analysis of single and di-lepton events. The range is given in %, it


orresponds to a relative variation around the 
entral value.

1
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The following sour
es of systemati
 un
ertainty have been 
onsidered:

� experimental un
ertainty related to lepton measurements:

the muon and ele
tron identi�
ation e�
ien
ies and the ba
kground due to hadron

misidenti�
ation have been varied 
onsidering their measurement errors in the data-

simulation 
omparisons (see se
tions 5.1,5.2). To a

ount for e�e
ts related to the

di�eren
e in topology between the test samples used in se
tions 5.1,5.2 and the

hadroni
 environment, an additional un
ertainty of � 2% has been 
onsidered on

the e�
ien
ies, as estimated from simulation.

The residual 
ontamination in the ele
tron sample due to 
onverted photons has

been varied by � 10%.

The systemati
 error due to the un
ertainty on the b-quark dire
tion and 
onse-

quently on the lepton transverse momentum has been evaluated 
omparing the jet

momentum dire
tion with the dire
tion determined by the se
ondary vertex in 
ase

it was su

essfully re
onstru
ted. The mean di�eren
e in the jet dire
tion was found

to be 1:5

Æ

; the �t has then been performed using both methods and half di�eren
e

on the results has been used as systemati
 error.

� experimental un
ertainty related to the b-�avour tagging:

e�
ien
ies to tag 
 and uds quarks have been varied a

ording to the errors in [5℄.

The 
orrelation between the lifetime tag and the lepton tag has been varied to twi
e

its statisti
al error. The partial de
ay widths R

b

and R




have been varied a

ording

to their measurement errors.

The stability of the result as a fun
tion of the 
ut on the b-�avour tagging variable

has been 
he
ked to be 
ompatible with the 
orresponding statisti
al �u
tuations.

� the modelling un
ertainty related to the assumed bran
hing ratios and to di�erent

lepton de
ay models has been 
al
ulated a

ording to [10℄.

The summary of systemati
 un
ertainties is given in table 3.

In 
on
lusion from a �t to single and di-lepton events from data 
olle
ted with the DEL-

PHI dete
tor in 1994 and 1995, the semileptoni
 bran
hing ratiosBR(b!`

�

), BR(b!
!`

+

),

BR(b!�
!`

�

) and the average b mixing parameter ��

b

have been measured:

BR(b!`

�

) = (10:66� 0:11(stat)� 0:24(syst)

�0:25

+0:42

(model))%

BR(b!
!`

+

) = (8:08� 0:37(stat)� 0:38(syst)

�0:31

+0:23

(model))%

BR(b!�
!`

�

) = (1:68� 0:33(stat)� 0:25(syst)

�0:23

+0:14

(model))%

��

b

= 0:1256� 0:013(stat)� 0:007(syst)� 0:004(model)
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7 Analysis II: Measurement of semileptoni
 b de
ays

from single leptons and jet-
harge

A sample of b enri
hed events was obtained by applying b-�avour tagging separately to

ea
h hemisphere of the event: therefore only the events with thrust axis 
ontained in the

barrel region (|
os(�

thrust

)|<0.8) were used. The b tagging algorithm exploited only the

information from the impa
t parameters of the tra
ks from 
harged parti
les assigned to

the hemisphere: the 
ut sele
ted 69.2 % b

�

b , 12.9 % 
�
 and 1.1 % uds events, so that the

fra
tion of b events in the sample was P

b

= 84:0%. Leptons were then sele
ted from all the


harged parti
les with momentum p > 2 GeV/
, lying in the hemisphere opposite to the

b-tagged one within the a

eptan
e of the HPC or of the muon 
hambers. As 
ompared

to the other analyses, tighter lepton identi�
ation 
uts were applied.

The lepton was then used as a seed to re
onstru
t the position of the B de
ay vertex,

by applying the algorhitm originally developed for lifetime and os
illation measurements

(for details, see e.g. [14℄). A vertex was found in 92.5 (92.3) % of the 
ases in the data

(simulation). The dire
tion of the b-hadron was then obtained by averaging the dire
tion

of the jet 
ontaining the lepton with the one of the ve
tor joining the primary to the

se
ondary vertex: when the vertex was not re
onstru
ted, only the jet dire
tion was used.

The energy of the b hadron was 
omputed from the sum of the energy of the 
harged and

neutral parti
les assigned to its jet and the missing energy in the hemisphere (
omputed

as des
ribed in [15℄). The resolution was �(E

B

)=E

B

' 12%. This allowed to re
onstru
t

entirely the b-hadron four momentum, by assuming an average mass of ' 5.3 GeV/


2

.

Leptons from dire
t b!`

�

de
ays were then separated from the ba
kground ( b!
!`

+

,


!`

+

, fake hadrons, et
.) by means of

� kinemati
s: the momentum of the lepton in the b-hadron rest frame, k

�

, was 
om-

puted by boosting ba
k the lepton in the b rest frame: the resolution was about

�

k

�

' 200 MeV=
. The k

�

spe
tra for b!`

�

,b!
!`

+

,
!`

+

de
ays in the

simulation were tuned as des
ribed in 
hapter 5.3 and varied a

ording to the pre-

s
riptions already des
ribed to 
ompute the systemati
 error;

� 
harge 
orrelation: the ele
tri
 
harge of the lepton was 
ompared to the one of the

b hadron in the other hemisphere. Negle
ting mixing, the produ
t �

Q

= Q

`

� Q

b

should be -1/3 (+1/3) for leptons from dire
t (
as
ade) de
ays. The 
harge of the

b quark was however determined in ea
h hemisphere by properly 
ombining several

quantites (jet 
harge, vertex 
harge, 
harge of any kaon or lepton from b de
ay,


harge of leading fragmentation parti
les: a detailed des
ription of the method 
an

be found in [16℄), so that �

Q

a
tually ranged between -1 (mostly b!`

�

) and +1

(mostly b!
!`

+

). Figure 2 shows the �

Q

distribution for the data (
rosses) and

simulation (upper histogram). The fra
tion of wrong 
harge assignment, for a given

�

Q

range, depends on several quantities related both to the B hadron produ
tion

and de
ay me
hanism (B mixing, fragmentation, lepton and K produ
tion in B

de
ays, B 
harged multipli
ity, et
.) and to the dete
tor performan
e (tra
king,

vertexing, parti
le id.), whi
h are in some 
ases not well known. To redu
e the

systemati
 un
ertainty, the fra
tion of 
orre
t tags (�

�

Q

) was determined in the data,
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Figure 2: �

Q

distrution for data (
rosses) and simulation (upper histogram). The 
on-

tributions from b!`

�

events is given by the dark grey area, the b!
!`

+

(b!�
!`

�

) 
ontribution is represented by the light (darker) grey area.

as explained below. Contrary to the previous analysis, where the 
harge 
orrelation


ould be exploited only in 
ase of double semileptoni
 de
ays, the variable �

Q


ould

be determined for all the events: it should be noted however that the dis
rimination

power of this variable is smaller. Therefore the two analyses are 
omplementary.

Only 1994 data were used for this analysis.

7.1 Determination of the bran
hing fra
tions

The b semileptoni
 bran
hing fra
tions were obtained by means of a binned �

2

�t.

Leptons in the data and in the simulation were 
olle
ted in two-dimensional bins, a

ord-

ing to their k

�

and �

Q

values, so as to exploit at best the dis
riminating power of the

two variables. The k

�

bins had variable size, determined to have at least twenty entries

in ea
h bin. The �

Q

spa
e was divided in an even number (N

�

Q

) of equally spa
ed bins.

Events in the simulation were assigned to one of the six 
ategories des
ribed in se
-

tion 6.1 depending on their origin. Leptons from 
ategories (
) to (f) were normalised to

the data a

ording to the number of hadroni
 events, known bran
hing ratios and e�-


ien
y 
orre
tion fa
tors. The normalisation fa
tors for the 
ategories (a) and (b) were

instead determined from the �t and used to 
ompute the bran
hing ratios for the dire
t

(b!`

�

) and 
as
ade (b!
!`

+

) semileptoni
 de
ays. In order to determine in addition

the Br(b!�
!`

�

), the �t was then repeated letting also the normalisation of 
ategory (
)

as a further free parameter. Figure 3 shows the �tted k

�

distribution in four di�erent �

Q

bins.

The fra
tion of 
orre
t 
harge tags in ea
h �

Q

bin was determined while performing the

13



Figure 3: k

�

distribution (in GeV/
) for the data (
rosses) and the �tted simulation

(upper histogram). The lower histograms represent the 
ontributions from

from b!`

�

(dark grey) b!
!`

+

(light grey) and b!�
!`

�

(darker grey).

The four plots are obtained by requiring, respe
tively: �1 < �

Q

< �:5;�:5 <

�

Q

< 0:; 0: < �

Q

< :5; :5 < �

Q

< 1:

14



�t. For this purpose, the total number of simulated events belonging to the 
ategory `

(`=a,b,
) and falling in the i

th

(j

th

) k

�

(�

Q

) bin where multiplied by a (linear) 
orre
tion

fa
tor:

N

`

(i; j) = N

0

`

(i; j) � (1 + Æ

`

j

)

The Æ 
oe�
ients would be zero if the simulation des
ribed the data perfe
tly. They were

left as free parameters in the �t with the following 
onstraints:

� for a given �

Q

bin, Æ does not depend on k

�

� Æ

a

j

= Æ




j

= Æ

b

k

, where k is the 
omplementary �

Q

bin to j (k = N

�

Q

+ 1� j);

� �

i

N

`

(i; j) = �

i

N

`

0

(i; j) 8 `; j

The �rst two requests follow from the fa
t that the �

Q

tag is performed in the oppo-

site hemisphere, and is therefore un
orrelated to the k

�

tag and any other lepton de
ay

property; the third 
onstraint ensures that the total number of events is 
onserved. The

�t results did not 
hange signi�
antly if the same 
orre
tion was applied to the simulated

leptons of the other 
lasses (d-f).

Due to the momentum 
ut, the e�
ien
y to sele
t a lepton depends on the boost trans-

ferred to the b-hadron during the fragmentation pro
ess. To redu
e this model depen-

den
e, the energy spe
tra of the b-hadrons in the data and in the simulation where


ompared and the value of the Peterson fragmentation parameter �

b

[13℄ whi
h best

des
ribes the data was determined. The measurement pro
eeded by iteration: �rst ,

the bran
hing ratios were determined by assuming the �

b

value as in the simulation,

then the lepton sample 
omposition was re
omputed a

ording to those bran
hing ra-

tios and �

b

was �tted; the bran
hing ratios were determined again assuming the new �

b

value, and so on until 
onvergen
e, whi
h was in fa
t rea
hed after the �rst iteration.

The �tted value �

b

= (0:2441� 0:0035) � 10

�2


orresponds to a mean b-hadron energy

X

E

= 0:7033� 0:0004 (stat:) � 0:004 (syst:): the systemati
 error is dominated by the

un
ertainty on the mean energy of �200 MeV .

The pro
edure was performed separately for muons and ele
trons: 
onsistent results were

found. The �

2

per degree of freedom was 1.08 for muons and 1.27 for ele
trons (see also

Figure 3): there was no appre
iable di�eren
e in the �

2

when using di�erent models to

des
ribe the lepton spe
tra. The �nal average values are:

Br(b!`

�

) = (10:74� 0:13(stat:)� 0:41(exp:syst:)

+0:46

�0:30

)(model)%

Br(b!
!`

+

) = ( 8:43� 0:22(stat:)� 0:41(exp:syst:)

+0:67

�0:78

)(model)%

for the �t with two parameters and

Br(b!`

�

) = (10:68� 0:14(stat:)� 0:31(syst)

+0:50

�0:32

)(model)%

Br(b!
!`

+

) = ( 7:22� 0:66(stat:)� 0:35(syst)

+0:50

�0:34

)(model)%

Br(b!�
!`

�

) = ( 2:00� 0:45(stat:)� 0:38(syst)

+0:55

�0:80

)(model)%

for the other one. The breakdown of the systemati
 errors for the three parameter �t is

presented in table 4.
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Error Sour
e Range �BR(b!`

�

) �BR(b!
!`

+

) �BR(b!�
!`

�

)

10

�2

10

�2

10

�2

ele
tron e�
ien
y �3:% �0.17 �0.16 �0.13

ele
tron ba
kground �10:% �0.03 �0.14 �0.18

� e�
ien
y �2:8% �0.20 �0.15 �0.08

� ba
kground �15:% < 0.01 �0.03 �0.10

"




�9% �0.13 �0.09 �0.02

"

uds

�22% �0.03 �0.02 <0.01

`� b 
orrelation �1:% �0.05 �0.11 �0.03

R

b

0:2170� 0:0009 <0.01 <0.01 <0.01

R




0:1734� 0:0048 �0.01 �0.01 �0.01

binning � 0.05 � 0.05 � 0.05

total experimental �0.30 �0.30 �0.26

hx

E

(
)i 0:484� 0:008 �0.02 �0.02 -

b!W!D

b!W!D

s

(1:28

+1:52

�0:61

) �0.03

+0:20

�0:11

�0:23

+0:13

Br(b! � ! `) (0:452� 0:074)% �0.01 �0.05 �0.09

Br(b! J= ! `

+

`

�

) (0:07� 0:02)% �0.06 �0.08 �0.18

Br(
! `) (9:8� 0:5)% �0.03 < 0.01 �0.02

g! 
�
 (2:33� 0:50)% <0.01 <0.01 <0.01

g! b

�

b (0:269� 0:067)% <0.01 <0.01 <0.01

total systemati
s �0.31 �0.35 �0.38

Semilept.mod.b! `[10℄ ACCMM (

+ISGW

�ISGW��

)

�0:30

+0:50

�0:30

+0:45

�0:74

+0:50

Semilept.mod.
! `[10℄ ACCMM1(

+ACCMM2

�ACCMM3

)

�0:08

+0:05

�0:07

+0:02

�0:05

+0:03

total models

�0:31

+0:50

�0:31

+0:45

�0:74

+0:50

Table 4: Summary of systemati
 un
ertainties in the analysis of lepton vs jet 
harge. If a range is given in % it means a relative

variation around the 
entral value.

1
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8 Analysis III: Measurement of semileptoni
 b de
ays

by applying a multitag method

A measurement of BR(b ! �) and BR(b ! 
(�
) ! �) using data 
olle
ted with the

DELPHI dete
tor between 1992 and 1995 is presented here.

In this analysis the 
ontributions of uds, 
 and b �avours were separated in an in
lusive

way with a multitag method. This method used almost all the hadroni
 events, be
ause

it was based on a �avour de
onvolution without the need for any further 
uts. One

important by-produ
t of the method was a systemati
 and independent analysis of the

muon ba
kground.

The sele
tion of the hadroni
 events was almost the same as in se
tion 3 with the only

di�eren
e that 5 
harged parti
les, instead of 7, were required to sele
t the event, and

that the event thrust axis was required to be within the barrel region: j 
os �

th

j < 0:75.

The total number of sele
ted events both in real and simulated data are:

1992 1993 1994 1995 Total

Simulated 1369156 1232678 2275552 712868 5590254

Real data 486357 471437 971448 467809 2397051

Muons are identi�ed as des
ribed in se
tion 5.1.

8.1 Flavour tagging and �avour de
onvolution

8.1.1 Flavour tagging

For �avour-tagging, the multivariate method des
ribed in referen
e [17℄ was used. This

method tags the two event hemispheres, de�ned with the plane perpendi
ular to the thrust

axis, and provides two important features: a) minimal 
orrelation between hemispheres,

in parti
ular be
ause the event vertex is 
omputed independently in ea
h hemisphere and

b) dire
t measurement on data of tagging e�
ien
ies and �avour 
ompositions. These

two properties are important. The former be
ause an independent and un
orrelated tag

of the hemisphere with muon identi�
ation is needed and the latter be
ause the formalism

of the analysis requires the knowledge of the e�
ien
ies and �avour 
ompositions.

The 
lassi�
ation 
riteria is based on the so-
alled �avour multivariate dis
riminators

whi
h 
ombine the multivariate and the 
on�den
e tags as des
ribed in referen
e [18℄. The

�avour tag is assigned by applying 
uts in a priority order to the dis
riminators. Inside

a tag, hemispheres are subdivided into 
ategories with additional 
ut 
riteria, trying to

have at least one 
ategory in ea
h �avour with maximum e�
ien
y and the lowest possible

ba
kground. In this analysis a set of six 
ategories have been used. Sin
e 1994, due to

the introdu
tion of double sided vertex dete
tors, a better b-tagging has been a
hieved.

Moreover, in this analysis a good tagging performan
e in the 
harm se
tor is important

and the 
uts de�ning the working point has been 
hosen in order to optimize the e�
ien
y.

The split into two hemispheres allows a �t that provides the so 
alled tagging param-

eters: R

j

, fra
tion of �avour j hemispheres in the sample, and "

j

I

, probability to 
lassify

an hemisphere of �avour j in the 
ategory I. The parameters were obtained dire
tly from

data with a minimal referen
e to models. This method was su

esfully applied to the

�

b

�

b

=�

had

determination ([5℄).
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8.1.2 Flavour de
onvolution

The aim of the �avour de
onvolution is to extra
t the spe
tra of the muon variables

for ea
h �avour. The inputs to this de
onvolution are the distributions (not shown here)

of a muoni
 observable for ea
h 
ategory. Three di�erent variables have been 
onsidered

in this analysis: p, p

in

t

and p

out

t

, where p is the momentum of the muon 
andidate and

p

in

t

and p

out

t

are the muon transverse momentum with respe
t to the jet axis in
luding or

ex
luding the muon in the de�nition of the jet. Hereafter any of these variables will be

referred as z. Other variables 
an be 
hosen under the requirement that the b tagging

does not depend on these variables.

The 
ategory assigned to an identi�ed muon is the 
ategory found by the tagging

in the opposite hemisphere. The aim of doing this is to avoid 
orrelations between the

hemisphere tagging and the presen
e of the muon.

The 
hosen observable is the number of identi�ed muons in a given 
ategory, I, in an

interval of z (n

�

I

(z)). In the same interval, a �

2

fun
tion 
an be de�ned as:

�

2

=

X

I

�

n

�

I

(z)�N

hem

�

P

j

"

j

I

R

j

D

�

j

(z)

��

2

�

2

(n

�

I

(z))

(1)

where N

hem

is the total number of hemispheres, R

j

and "

j

I

are the tagging parameters and

D

�

j

(z) is the muon variable spe
trum for the �avour j in a given hemisphere. The above

formula negle
ts 
orrelations between hemisphere tagging and muon sele
tion e�
ien
ies

in opposite hemispheres.

The minimization of this fun
tion leads to a set of three linear equations for ea
h

z bin where the three unknowns are the 
omponents of the spe
trum in ea
h �avor :

D

�

uds

(z), D

�




(z), D

�

b

(z). These quantities, and their errors, are 
omputed by solving these

equations.

In order to 
he
k the validity of the method a test has been performed using simulated

data. Figure 4 
ompares, in the 
ase of z = p

out

t

, the result of the de
onvolution with the

generated distribution.

The result of the de
onvolution 
an be written as a fun
tion of the di�erent sour
es

of identi�ed muons:

n

�

uds

(z) =N

hem

R

uds

D

�

uds

(z) = n

f�

uds

(z)

n

�




(z) =N

hem

R




D

�




(z) = n

p�




(z) + n

f�




(z)

n

�

b

(z) =N

hem

R

b

D

�

b

(z) = n

p�

b

(z) + n


�

b

(z) + n

f�

b

(z)

(2)

where n

f�

uds

(z), n

f�




(z) and n

f�

b

(z) are the distributions of fake muons for di�erent �avours,

n


�

b

(z) is the distribution of muons 
oming from 
 (in
luding 
�
) 
as
ade se
ondary de
ays

of the b and n

p�




(z) and n

p�

b

(z) are the distributions of prompt muons 
oming from 
 and

b de
ays respe
tively. In the b �avour, the distribution n

g�

b

(z) of genuine muons 
an be

expressed as n

g�

b

(z) = n

p�

b

(z) + n


�

b

(z).

This method of �avour de
onvolution 
an also be applied to other kind of parti
les

and observables. For example, the de
onvolution 
an be applied to all 
harged parti
les.

The distributions obtained with 
harged parti
les are an interesting result by themselves.

Here they are used to 
ompute ba
kground as des
ribed in the next se
tion.
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Figure 4: Separation of p

out

t

spe
tra of 
andidate muons between the three �avors. In

the upper plot is shown the 
omparison between generated (solid line) and

the results of the de
onvolution (points). In the lower plot is shown the ratio

between these two distributions whi
h exhibits a high agreement with 1.
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8.2 Ba
kground extra
tion and hadron misidenti�
ation proba-

bility

In this analysis a fake muon is de�ned as any parti
le identi�ed as muon that, either is

not a muon, or is a muon but from a light hadron de
ay (mainly pion or kaon). Following

this de�nition, all identi�ed muons in uds events are fake, the fra
tion of heavy quark

produ
tion from gluon splitting 
an be assumed to be negligible. Then a misidenti�
ation

probability, �

uds

, 
an be de�ned as the fra
tion of identi�ed muons in uds events:

�

uds

(z) =

n

�

uds

(z)

n

tk

uds

(z)

(3)

where n

tk

uds

(z) is the spe
trum of 
harged parti
les with the same kinemati
al 
uts as the

muons in the uds se
tor. In an a

urate approa
h, the uds misidenti�
ation probability


an be expressed as:

�

uds

(z) = �

�

(z)

�

f

�

uds

(z) + �

k

(z)

�

f

k

uds

(z) + �

�

(z)

�

f

�

uds

(z) + �

o

(z)

�

f

o

uds

(z) (4)

where �

�

(z) and �

k

(z) are the misidenti�
ation probabilities for pions and kaons,

�

f

�

uds

(z),

�

f

k

uds

(z) and

�

f

�

uds

(z) are the fra
tions of pions, kaons and de
ay'smuons (
oming from � and

K de
ays in �ight) for uds �avour respe
tively, �

�

(z) is the muon identi�
ation e�
ien
y

for de
ay's muons,

�

f

o

uds

(z) and �

o

(z) are the fra
tion and the misidenti�
ation probability

of other 
harged parti
les, whi
h are mainly protons. The fra
tions for the di�erent

�avours and parti
les have been measured in DELPHI [19℄, and agree very well with the

predi
tion obtained with the JETSET simulation program. The spe
i�
 misidenti�
ation

probabilities ( �

�

(z), �

k

(z), ...) are supposed to be �avour independent, but sin
e the

fra
tions of parti
les are not the same in uds, 
 and b events, a di�erent misidenti�
ation

probability has to be evaluated for ea
h �avour (�

uds

, �




and �

b

). The equation (4) is

used to extra
t �

�

(z), taking �

uds

(z) from the data and all the other quantities from the

simulation. Then from the equations anologous to (4) written for 
 and b �avours, �




and

�

b

are 
al
ulated.

The misidenti�
ation probalities obtained with this method have been 
ompared with

those obtained using a tight anti-b 
ut des
ribed in se
tion 5.1 and a good agreement was

observed (see referen
e [20℄ for more details).

On
e the misidenti�
ation probability for ea
h �avour has been 
omputed, the number

of fake muons per hemisphere for a variable z is obtained by multiplying them by the num-

ber of 
harged parti
les per hemisphere for ea
h �avour. Subtra
ting these 
ontaminations

from the muon 
andidates per hemisphere, it is possible to estimate the distributions of

genuine muons. Comparisons have been done in simulation between the distributions

of genuine muons a
hieved by the subtra
tion with the true muon distributions dire
tly

taken from simulation, showing a good agreement.
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8.3 Fitting of genuine muon distribution

In order to perform the measurement of the BR(b! �) and BR(b! 
(�
)! �), the

following �

2

fun
tion has been minimized:

�

2

=

m

X

i=1

�

n

g�

b

(z

i

)� n

g�;th

b

(z

i

)

�

2

�

2

(n

g�

b

(z

i

))

(5)

where m is the number of bins, n

g�

b

(z

i

) is the distribution of genuine muons measured in

the previous se
tion, and n

g�;th

b

(z

i

) is a model expe
tation whi
h 
an be written as:

n

g�;th

b

(z) = N

hem

R

b

�

1 +BR(g ! b

�

b)

�

h

�

glob

b!�

(z)P

b!�

(z)BR(b! �)+

�

glob

b!
(�
)!�

(z)P

b!
(�
)!�

(z)BR(b! 
(�
)! �)

i

+

n

�

b!�!�

(z) + n

�

b!J= !�

(z) + n

�

g!
�
!�

(z) (6)

where BR(b ! �) and BR(b ! 
(�
) ! �), are the only unknowns. P

b!�

(z) and

P

b!
(�
)!�

(z) are the spe
tra of muons 
oming from b ! � and b ! 
(�
) ! � de-


ays. These spe
tra are taken from di�erent models. For the 
entral value, the ACCMM

model for b ! � de
ays and the ACCMM1 model for 
 ! � de
ays have been used.

n

�

b!�!�

(z), n

�

b!J= !�

(z) and n

�

g!
�
!�

(z) are the 
ontributions to genuine muons 
oming

from b! � ! �, b! J= ! � and g ! 
�
! � de
ays, respe
tively. The shape of these

distributions have been taken dire
tly from the simulation, but the re
ommendations of

referen
e [10℄ have been followed for the normalization

The fa
tors �

glob

k

are global e�
ien
y fa
tors whi
h 
an be written as:

�

glob

k

(z) = �


ut

k

(z)�

id

(z)�

a



k

(z) (7)

where �


ut

k

(z) and �

a



k

(z) are the e�
ien
ies for the momentum 
ut (p > 3 GeV=
) and

the muon geometri
al a

eptan
e, for ea
h of the 
onsidered 
hannel k, respe
tively, and

�

id

(z) is the muon identi�
ation e�
ien
y.

Detailed tables with the results obtained for these 
orre
tion fa
tors are given in

referen
e [20℄.

8.4 Results and systemati
 errors

The semileptoni
 bran
hing ratios have been obtained by applying the binned �

2

of

equation (5) to the muon distributions of the previous se
tion.

The �rst step is to apply the method to the simulated data. In these samples the

generated values of the semileptoni
 bran
hing ratios are known, so a 
omparison of the

�t results with the generated ones 
an be performed. The di�eren
e between these values

provides an information about the reliability of the method as well as 
orre
tions to be

applied to the data. These di�eren
es take into a

ount all the applied approximations.
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The error on these 
orre
tion fa
tors have been taken from the statisti
al errors of the

�ts.

The next step is the appli
ation of the �tting pro
edure to the real data. The results

obtained are shown in table 5. Some 
omments 
an be done about the statisti
al error

b! � b! 
(�
)! � �

2

=dof

(%) (%)

1992

P 10.56 � 0.29 9.88 � 0.54 38.88/27

P

in

t

10.79 � 0.26 9.60 � 0.48 35.19/32

P

out

t

10.74 � 0.23 9.74 � 0.42 30.28/32

1993

P 10.44 � 0.29 9.54 � 0.51 36.22/27

P

in

t

10.52 � 0.24 9.31 � 0.45 35.94/32

P

out

t

10.51 � 0.23 9.26 � 0.39 43.68/32

1994

P 10.83 � 0.19 9.49 � 0.35 25.8/27

P

in

t

10.72 � 0.17 9.48 � 0.30 35.5/32

P

out

t

10.59 � 0.15 9.72 � 0.27 33.3/32

1995

P 10.93 � 0.29 9.55 � 0.52 25.0/27

P

in

t

10.71 � 0.25 9.81 � 0.46 37.5/32

P

out

t

10.63 � 0.22 9.94 � 0.40 40.5/32

Table 5: Fit result for the real data (the errors are only statisti
al).

obtained. This error depends on the statisti
s of ea
h year, but also on the �tting variable.

The reason of this behavior 
an be found in the distribution of the di�erent sour
es of

genuine muons. Some variables are more dis
riminant than others, whi
h separate the

di�erent 
ontributions in di�erent regions. For the transverse momentum, b! 
(�
) ! �

events are 
on
entrated at low values, while b ! � events are mainly situated in the

high momentum region. On the other hand in the p distribution, in the low momentum

region both 
ontributions are of similar importan
e. Thus the errors on the semileptoni


bran
hing fra
tions extra
ted using the transverse momentum distributions are expe
ted

to be lower than those obtained using the momentum distributions.

On
e the b semileptoni
 bran
hing ratios have been �tted, it is possible to evaluate the

b ! � and the b ! 
(�
) ! � spe
tra using the model spe
tra P

b!�

(z) and P

b!
(�
)!�

(z).

These spe
tra are displayed in �gure 5 for ea
h data taking year. The small 
ontributions


oming from the b ! � ! � and b ! J= ! � de
ay 
hannels, taken dire
tly from the

simulation, are also shown.

Sour
es of systemati
 un
ertainties have been grouped into seven di�erent 
ategories.

The �rst four 
ategories are related to dete
tor e�e
ts: muon identi�
ation and misiden-

ti�
ation, hemisphere tagging, analysis method and Monte Carlo statisti
s. The other

three take into a

ount the theoreti
al knowledge on de
ays: fragmentation parameters,

assumed bran
hing ratios and de
ay models. In table 6 all these errors for b ! � and

b! 
(�
)! � as well as the range of variation are shown.

Averaging the three variables for ea
h year, taking into a

ount the 
orrelations be-

tween the di�erents errors, the result obtained is:

22



0

250

500

750

1000

1250

1500

1750

2000

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

P
out

t (GeV/c)

d
N

/0
.2

 G
e
V

/c

1992

0

250

500

750

1000

1250

1500

1750

2000

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

P
out

t (GeV/c)

d
N

/0
.2

 G
e
V

/c

1993

0

500

1000

1500

2000

2500

3000

3500

4000

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

P
out

t (GeV/c)

d
N

/0
.2

 G
e
V

/c

1994

0

250

500

750

1000

1250

1500

1750

2000

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

P
out

t (GeV/c)

d
N

/0
.2

 G
e
V

/c

1995

Figure 5: Comparison of the distributions of genuine muons for the b �avour in real data

(dots) with the distributions obtained using the semileptoni
 bran
hing ratios

(histograms) with the variable p

out

t

. The 
ontributions of di�erent pro
esses

are displayed.
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Sour
e �(b! �) �(b! 
(�
)! �)

Ef. id. barrel (�2:8%) � 0.190 � 0.182

Ef. id. forward (�3:2%) � 0.022 � 0.022

�

f

�

(�2�) � 0.004 � 0.008

�

f

k

(�2�) � 0.002 � 0.007

�

f

�

(�2�) � 0.003 � 0.009

�

f

o

(�2�) � 0.001 � 0.001

�

�

(�2�) � 0.022 � 0.120

�

K�

(�2�) � 0.008 � 0.035

�

�

(�2�) � 0.004 � 0.004

�

o

(�2�) � 0.001 � 0.001

"

uds

b�tight

(�15%) � 0.023 � 0.010

"




b�tight

(�15%) � 0.014 � 0.055

Variable � 0.080 � 0.150

Muon quality � 0.082 � 0.082

Binning � 0.078 � 0.079

MC statisti
s � 0.088 � 0.163

hX

E

i (0.702 � 0.008) � 0.054 � 0.099

BR(b! u) (2:6� 0:2 )% � 0.008 � 0.014

BR(
! `) (9:8� 0:5 )% � 0.002 � 0.003

BR(b! � ! `

�

) (0:452� 0:074 )% � 0.014 � 0.096

BR(b! J= ! `

�

`

+

) (0:07� 0:02) % � 0.036 � 0.021

BR(g ! b

�

b) (0:269� 0:067) % � 0.033 � 0.043

BR(g ! 
�
) (2:33� 0:50 )% � 0.009 � 0.010

b! l ACCMM

+ISGW

�ISGW��

�0:35

+0:43

+0:52

�0:48


! l ACCMM1

+ACCMM2

�ACCMM3

�0:109

+0:105

�0:124

+0:02

Table 6: Analysis III: Systemati
 un
ertainties (%) for BR(b! l) and BR(b! 
(�
)!

�)

BR(b! �) = (10:64� 0:11(stat)� 0:25(syst)

�0:37

+0:44

(model))%

BR(b! 
(�
)! �) = (9:59� 0:20(stat)� 0:35(syst)

+0:52

�0:49

(model))%

9 Analysis IV: Measurement of semileptoni
 b de
ays

from in
lusive B-re
onstru
tion and 
harge 
orrela-

tion

In this analysis the 
harge 
orrelation between the b quark and the lepton produ
ed in

its de
ay was used to measure the semileptoni
 de
ay rates of b-hadrons. The two di�erent


ases leading to the like 
harges, dire
t de
ay (b!`

�

) and �upper vertex� 
as
ade de
ay

( b!�
!`

�

), were separated on the basis of di�erent lepton momentum regions.
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To use the 
harge 
orrelation method e�e
tively b-hadrons 
ontaining a b-quark, H

b

,

needed to be separated from those 
ontaining a

�

b-quark, H

�

b

. This separation was a

om-

plished in four steps: by isolating b-quark events, by re
onstru
ting the B de
ay vertex,

by identifying the tra
ks from the B vertex and �nally by estimating the hadron 
harge.

The details of this method are des
ribed below and 
an be found in referen
es [22, 23℄.

After the separation, the sign of the 
harge of the b-quark and that of the lepton were


ompared, and ea
h lepton was 
lassi�ed into �like-sign� or �opposite-sign.� In the �t of

the like-sign spe
trum, the dire
t de
ay b!`

�

and 
as
ade de
ay b!�
!`

�

were taken into

a

ount, whereas in the opposite-sign spe
trum the 
as
ade de
ay b!
!`

+

was taken into

a

ount.

9.1 B re
onstru
tion and separation of H

b

and H

�

b

9.1.1 b

�

b event tagging

Hadroni
 events were sele
ted using the same requirements as in se
tion 3. In addition

the event thrust axis was required to be within the barrel region, j 
os �

thrust

j < 0:75, to

ensure a good b-tagging e�
ien
y. These requirements led to 895662 and 397657 events

in 1994 and 1995 data taking periods, respe
tively.

The 
ombined b-tagging algorithm des
ribed in se
tion 4 was used to sele
t events


ontaining b-hadrons with 66% e�
ien
y and 91% purity.

9.1.2 Re
onstru
tion of B vertex

In re
onstru
ting the B de
ay vertex, the rapidity method presented in referen
e [21℄

was used. For the jet 
lustering algorithm, the transverse momentum 
uto� was set at

5 GeV=
 to prevent arti�
ially dividing the large mass B jets into several jets. A raw B

mass and energy were 
omputed from the sum of the momentum ve
tors of the sele
ted

parti
les in the jet. These values were 
orre
ted depending on the re
onstru
ted mass

and hemisphere energy. This led to an energy resolution of about 7% for 75% of the b

hadrons with the remainder being a non-gaussian tail at higher energies.

9.1.3 Identifying tra
ks from the B de
ay vertex

For ea
h 
harged parti
le a probability, P

i

, that the parti
le originated from a b-hadron

de
ay rather than from fragmentation was 
al
ulated using an arti�
ial neural network.

It took into a

ount the parti
le rapidity, momentum, its probability to originate from

the primary vertex, its probability to originate from the �tted se
ondary vertex, the �ight

distan
e and the energy of the hemisphere. The top plot of �gure 6 shows the 
omparison

between the real data and the simulation.

9.1.4 Classi�
ation of H

b

and H

�

b

For ea
h hemisphere, the vertex 
hargeQ

B

=

P

Q

i

P

i

and its error �

Q

B

=

p

P

P

i

(1� P

i

)

were 
al
ulated by using the probability, P

i

, and the 
harge, Q

i

, of ea
h parti
le. These
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Figure 6: Top: Distribution of the tra
k probability of real data 
ompared to the simu-

lation: Dotted (dashed) line represents the parti
les from fragmentation (from

b-hadron de
ay). Bottom: Separation between H

b

and H

�

b

for real data 
om-

pared to the simulation: dotted (dashed) line represents the H

b

(H

�

b

) hemi-

sphere.
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values, 
ombined with the 
harge of the identi�ed kaon from b-hadron de
ay, the jet 
harge

and the 
harge of the leading fragmentation parti
le were fed into a neural network to


lassify a b-hadron into H

b

or H

�

b

. The bottom plot of �gure 6 shows the 
omparison

between the real data and the simulation.

9.2 Measurements

9.2.1 Lepton sele
tion

The lepton identi�
ation was performed as in se
tion 5. In addition, for ea
h hemi-

sphere, the lepton 
andidate was required to have 
ome from the B de
ay vertex by

requiring its probability P

i

to be larger than 0.5.

For ea
h sele
ted lepton, its momentum k

�

in the B rest frame was 
al
ulated using

the B four-momentum from the se
ondary vertex �t and a rapidity 
onstraint. Sin
e the

average resolution on k

�

is 0.1 GeV=
, the k

�

distribution was 
hosen with a bin width of

0:2GeV=
 to redu
e migration e�e
ts.

9.2.2 Fitting and results

The ba
kground 
ontributions whi
h may arise from non-b events, non-b-de
ay prod-

u
ts and wrongly identi�ed leptons were estimated from the simulation and subtra
ted.

The di�erential de
ay rate for an identi�ed lepton,

dN

dk

�

(H

�

b

! l

�

X) was then 
al
ulated

as:

dN

dk

�

(H

�

b

! l

�

(k

�

)X) = (N

data

i

�N

MC;bg

i

) �

N

MC;gen

i

N

MC;re


i

1

k

�

i+1

� k

�

i

�

1

N(H

�

b

)

(8)

with bin de�nition k

�

i

< k

�

< k

�

i+1

.

The ba
kground from the in
orre
tly determined 
harge of the b-quark was �rst esti-

mated from the simulation and used in the �t. The results were then used to adjust the

ba
kground level and bran
hing fra
tions.

The following results have been obtained, and �gure 7 shows the results of the �t using

the ACCMM model:

1994 1995 
ombined

BR(b! `)(%) 10:79� 0:14 10:86� 0:21 10:81� 0:12

BR(b! �
! `)(%) 1:64� 0:24 1:32� 0:33 1:53� 0:20

BR(b! 
! `)(%) 7:98� 0:26 7:66� 0:38 7:87� 0:22

where the errors are only statisti
al.

9.3 Systemati
 errors

The following sour
es of systemati
 un
ertainties have been 
onsidered:
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Figure 7: Lepton momentum spe
tra in the b-hadron rest frame. Top (bottom) plot

shows the result of the �t with the ACCMM model to the like-sign (opposite-

sign) sample .
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� Tra
k and lepton sele
tion:

The muon and ele
tron identi�
ation e�
ien
ies and the ba
kground due to hadron

misidenti�
ation were varied 
onsidering their measurement errors in the data-

simulation 
omparisons (see se
tions 5.1,5.2) as in Analysis I. The residual 
on-

tamination in the ele
tron sample due to 
onverted photons has been varied by �

10%.

The probability for a parti
le to be a b-hadron de
ay produ
t has been varied by �

10 %.

� b-tagging

The b-tagging method, des
ribed in 4, sele
ted events where a se
ondary vertex

had been su

essfully re
onstru
ted. This requirement introdu
ed a bias in the


omposition of the sele
ted b-hadron sample. In addition, requiring a B vertex

re
onstru
tion and the b-
harge determination introdu
ed an additional bias. In

order to study the e�e
t of the bias, the 
ompositions in b-hadrons of simulated

events before and after imposing these requirements were 
ompared. The b-hadrons

with longer lifetimes were favoured as a result of su
h requirements. The results

were then used to reweight the simulation, and a variation of one standard deviation

of the statisti
s was used as un
ertainty.

The stability of the results as a fun
tion of the 
ut on the b-tagging variable was


he
ked and the e�e
t of a variation of � 5% was 
onsidered as systemati
 error.

� Fitting

The error due to the �nite Monte Carlo statisti
s in the �tting pro
edure was eval-

uated.

When performing simultaneous �ts of both like-sign and opposite-sign histograms,

a degree of 
onvergen
e between both sides was manually set. The degree of 
on-

vergen
e to insure stable results has been varied by 10%.

The resolution on the k

�

variable was varied by �20% to a

ount for the un
ertainty

in the B re
onstru
ted energy and for binning e�e
ts.

� B re
onstru
tion

The output of the neural net, used to determine the 
harge of de
aying b-hadrons,

was studied by varying its e�
ien
y by �10%.

� Models

E�e
ts due to the b quark fragmentation fun
tion have been studied by varying the

�

b

parameter in the Peterson fragmentation fun
tion [13℄.

The lepton distribution from the �upper vertex� was studied by varying the 
ontri-

butions of D

s

! `

�

X and

�

D

0

(D

�

)! `

�

X as suggested in referen
e [10℄.

The modelling un
ertainty related to the bran
hing ratios assumed for b! � ! `,

b! J=	! ` and to di�erent lepton de
ay models was also 
al
ulated a

ording to

[10℄.
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Sour
e Range �BR �BR �BR

(b! `) (b! �
! `) (b! 
! `)

x10

�2

x10

�2

x10

�2

�

e

�3% �0:18 �0:05 �0:15

�

�

�2:8% �0:14 �0:03 �0:11

Misidenti�ed e �8% �0:01 �0:10 �0:08

Misidenti�ed � �6:5% �0:01 �0:09 �0:05

Converted 
 �10% �0:01 �0:04 �0:03

P

b

�10% �0:01 �0:04 �0:06

b-hadron spe
ies �5% �0:04 �0:02 �0:03

b-tagging �5% �0:02 �0:02 �0:10

b-
harge resolution �10% �0:01 �0:07 �0:10

MC statisti
s �0:02 �0:04 �0:09

Fitting �10% < 0:01 �0:01 �0:01

k

�

resolution �20% �0:02 �0:07 �0:05

B fragmentation �20% �0:06 �0:03 �0:06

b!W!D

b!W!D

s

(1:28

+1:52

�0:61

)

+0:04

�0:06

�0:09

+0:08

+0:03

�0:03

Br(b! � ! `) (0:452� 0:074)% �0:04 �0:04 < 0:01

Br(b! J=	! `) (0:07� 0:02)% �0:07 �0:03 �0:02

Br(
! `) (9:8� 0:5)% �0:03 �0:13 �0:05

Total systemati
 �0:26 �0:26 �0:30

De
ay models

b! ` model ACCMM (

+ISGW

�ISGW��

)

�0:35

+0:52

+0:30

�0:41

+0:04

�0:04


! ` model ACCMM1 (

+ACCMM2

�ACCMM3

)

�0:05

+0:05

+0:03

�0:03

�0:21

+0:10

Total Models

�0:35

+0:52

+0:30

�0:41

�0:21

+0:11

Table 7: Analysis IV: Summary of systemati
 un
ertainties

The summary 
on
erning the di�erent 
ontributions to systemati
 un
ertainties is

given in Table 7.

In 
on
lusion, with the method of 
harge 
orrelation, the following results have been

obtained from the data 
olle
ted with the DELPHI dete
tor in 1994 and 1995:

BR(b! `) = (10:81� 0:12(stat)� 0:26(syst)

�0:35

+0:52

(model))%

BR(b! �
! `) = (1:53� 0:20(stat)� 0:26(syst)

+0:30

�0:41

(model))%

BR(b! 
! `) = (7:87� 0:22(stat)� 0:30(syst)

�0:21

+0:11

(model))%

10 Combinations of results

Several di�erent analyses have been performed, as des
ribed in previous se
tions, and

a 
omparison of all results is shown in Table 8.

A pro
edure to 
ombine them in order to produ
e a �nal set of physi
al parameters has

been developed. The basi
 te
hnique is the one named BLUE [24℄, whi
h determines the
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An.I An. II An. III An. IV

BR(b!`

�

)% 10:66� 0:11� 0:24

�0:25

+0:42

10:68� 0:14� 0:31

�0:31

+0:50

10:64� 0:11� 0:25

�0:37

+0:44

10:81� 0:12� 0:26

�0:35

+0:52

BR(b!
!`

+

)% 8:08� 0:37� 0:38

�0:31

+0:23

7:22� 0:66� 0:35

�0:31

+0:45

7:87� 0:22� 0:30

�0:21

+0:11

BR(b!�
!`

�

)% 1:68� 0:33� 0:25

�0:23

+0:14

2:00� 0:45� 0:38

�0:74

+0:50

1:53� 0:20� 0:26

�0:41

+0:30

BR(b!
!`

+

)+ 9.76�0.23�0.43 9.22�0.71�0.48 9:59� 0:20� 0:35

�0:49

+0:52

9.40�0.26�0.34

BR(b!�
!`

�

)%

Table 8: Comparison of the results of the di�erent analyses. Boldfa
e values are used for the measurements, slimfa
e values are

sums whi
h are only shown for 
omparison.
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best estimate of a physi
al quantity built by a linear 
ombination of the results obtained

by several experiments. The estimate is then given by the following quantity:

ŷ =

X

�

i

y

i

(9)

where the 
oe�
ients �

i

are built from the 
ovarian
e matrix E

ij

of the measured pa-

rameters. The method may be easily applied to determine several physi
al parameters

simultaneously, by repla
ing that matrix with the more general one E

i�j�

where the in-

di
es i; j refer to the measurements and �; � identify the parameters.

In order to apply this te
hnique, it is ne
essary to estimate the o�-diagonal elements

of the full error matrix E . Thus the statisti
al error �

i�

of ea
h parameter � determined

by the analysis i has been splitted into two terms: the �rst one is 
omputed from the

observed number of leptons and is 
onsidered as fully 
orrelated with the 
orresponding

errors from other measurements; the other is 
omputed in order to keep the same total

error and is assumed as being un
orrelated.

The estimation of the 
orrelation between the parameters of di�erent analyses is a bit

more 
ompli
ated, as it is ne
essary to a

ount for the 
orrelation already present inside

ea
h single analysis. A reasonable 
riterion for that is to build the 
ovarian
e elements

by multiplying the two 
orrelated terms of �

i�

, des
ribed above, and by applying a


orrelation fa
tor determined as an average of the 
oe�
ients resulting from the di�erent

analyses.

As the di�erent analyses are used with somewhat di�erent data samples, while the

des
ribed pro
edure 
an be applied only for identi
al samples, the full statisti
 has been

divided into non-overlapping subsamples, assuming for ea
h sample an error whi
h s
ales

with the square root of the number of events. As the multivariate analysis builds up the

genuine muon distributions by a linear 
ombination of distributions obtained in 6 
ate-

gories, the overlap with the b-tagged sample used by the other analyses has been 
onser-

vatively assumed as 
orresponding to the 
ategory with the largest 
oe�
ient �

i

.

The results are listed in table 9.

�stat: �exp:syst: �phys:syst:

IGSW

IGSW��

ACCMM2

ACCMM3

BR(b!`

�

) = 0.1065 �0.0007 �0.0024 �0.0006

�0:0027

+0:0041

�0:0009

+0:0008

BR(b!
!`

+

) = 0.0788 �0.0013 �0.0026 �0.0007

+0:0031

�0:0034

�0:0016

+0:0006

BR(b!�
!`

�

) = 0.0171 �0.0013 �0.0033 �0.0015

+0:0018

�0:0024

+0:0001

�0:0002

��

b

= 0.127 �0.013 �0.006 �0.002

�0:003

+0:004

�0:003

+0:003

Table 9: Combined results of the measured quantities; the systemati
 error quoted as

phys.syst. in
ludes the un
ertainties arising from input physi
al parameters as

bran
hing ratios and gluon splitting rates

To investigate the e�e
t of the main assumptions done in this analysis ( estimation of

the 
orrelated part of the error, estimation of the 
orrelation 
oe�
ient between di�er-

ent parameters determined in di�erent analyses ) the pro
edure has been repeated after
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BR(b!`

�

) BR(b!
!`

+

) BR(b!�
!`

�

) ��

b

BR(b!`

�

) 1.00 -0.396 -0.031 .038

BR(b!
!`

+

) 0.625 1.00 -0.475 -0.034

BR(b!�
!`

�

) 0.112 -0.095 1.00 0.015

��

b

0.018 -0.083 -0.052 1.00

Table 10: Correlation matrix of 
ombined results. On the upper-right side the statisti
al


oe�
ients are reported, on the lower-left side the statisti
al+experimental

systemati
 
oe�
ents are shown


hanging them slightly. The o�-diagonal element in the error matrix has been 
hanged

with the smallest of the two 
orresponding diagonal elements, di�erent estimations of the


orrelation 
oe�
ient between di�erent parameters in di�erent analyses have also been

tried. Compatible results have been obtained.

11 Con
lusions

Four di�erent analyses have been used to measure the semileptoni
 bran
hing ratios

for primary and 
as
ade b de
ays in hadroni
 Z de
ays. Results are 
ompatible and a

global average has been obtained:

BR(b!`

�

) = (10:65� 0:07(stat)� 0:25(syst)

�0:28

+0:42

(model))%

BR(b!
!`

+

) = (7:88� 0:13(stat)� 0:27(syst)

�0:38

+0:32

(model))%

BR(b!�
!`

�

) = (1:71� 0:13(stat)� 0:36(syst)

�0:25

+0:19

(model))%

��

b

= 0:127� 0:013(stat)� 0:007(syst)� 0:005(model)
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Error Sour
e Range �BR(b!`

�

) �BR(b!
!`

+

) �BR(b!�
!`

�

) ���

b

10

�2

10

�2

10

�2

10

�2

hx

E

(
)i 0:484� 0:008 �0.01 <0.01 �0.01 �0.06

b!W!D

b!W!D

s

(1:28

+1:52

�0:61

) �0.02 �0.03 �0.08 �0.01

Br(b! � ! `) (0:452� 0:074)% �0.02 �0.05 �0.02 <0.01

Br(b! J= ! `

+

`

�

) (0:07� 0:02)% �0.05 �0.01 <0.01 �0.23

Br(
! `) (9:8� 0:5)% �0.01 �0.01 �0.12 �0.01

g! 
�
 (2:33� 0:50)% �0.01 �0.01 �0.01 <0.01

g! b

�

b (0:269� 0:067)% �0.02 �0.03 �0.03 �0.01

Table 11: Breakdown of physi
s systemati
 un
ertainties in the 
ombined values
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