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Review of

#4 137, OPAL Measurement of the Branching Ratio for the Process b->tv X

#4139, OPAL Measurement of |V | using b Hadron Semileptonic Decays

#4 215, ALEPH Inclusive semileptonic branching ratio of b hadrons produced in Z decays

#4 221, ALEPH Measurements of BR(b -> tv X) and BR(b -> tv D* X) and Upper Limits on
BR(B ->tv) and BR (b -> s w)



Introduction

Semileptonic b decays: golden route to
determine |V | and |V ,|CKM matrix elements
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Basics of inclusive b - c(u)lv measurements

The “easy” part: b - ¢
[] b-tag one hemisphere and look for leptons in the other
High purity sample: ~ 90% purity, more than 30% efficiency
main background arises from cascade b - ¢ — | decays

lepton p, p;, Iimpact parameter, lepton jet topology
charge correlation lepton-opposite b

The “hard” part: b - u
[J Access the largest phase space to limit theoretical uncertainties in
extracting V,,

[0 Need to suppress (and control ... !) the overwhelming b — ¢
background
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ALEPH new b - IvX measurement (1)

Look for leptons opposite to hemispheres §
tagged in 3 ways S0000 1 ALEPH v Data
b-c- | separated by p; spectrum | Fi
. = h—sl
T 30000 - : 20 h—#l + b—c—l
OHard lifetime-mass tag (B sample) :
N 20000 |
A -
— j ;
L==— T~ MLF(p) won |
-\ ~ y 0 Dnﬁllﬁiz.sr e
counting P spectrum p, (GeVie)

;gﬁ h ALEPH
\ £ 3 — « Data #
f! ﬁ

Weighted sum Relative contributions 25 b o petersen i
of cascade and direct BR E ${

1 —— Kartvelishvili

eSensitive to the modelling of the predicted lepton
spectra : 4 i
eUse measured B meson momentum spectrum from L %
ALEPH to reduce modelling systematics i
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ALEPH new b - IvX measurement (2)

Distinguish b- ¢ - | using charge correlation with the other b hemisphere

L v J - ~ J - _
counting Charge (P) Charge (J)

Opposite b-tag b charge Q,
@lepton with p;>1.25 GeV/c (P sample) Lepton charge
®Loose lifetime-mass tag (J sample) Queny =f(jet charge, i.p. signif.)
: 3 ALEPH " i ALEPH
" E . Data 02 ¢ Dt
o — Monte Carlo — Manie Carlo
\ o - ISGW 015 |
e_/-l 3 B——
L= N'LII ><|:PNOP d- FP)NSP XFJNOJ (1- I:J)NSJ : 3 - o1
al

[I.ﬂﬁ-

=

p. (GeVic) © p.(GeVE)
Fit numbers of opposite (same) charge lepton candidates N, (N) to the expected fractions F; ,
and (1- Fp ;): sensitiveto b - Iwrtb - ¢ - I relative ratio.
Can be expressed in terms of

P,= probability to correctly tag Q, determined from data using a double tag technique
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ALEPH new b - IvX measurement (3)

[ Two BR(b -1) compatible results

Pri11.07 # 0.07, %+ 0.13, *0.44,4, % |
Qp:10.57 £ 0.11, + 0.29, £0.20, ;4 %0 “_gé W 2 e TRV
[1 Modelling errors: .
vary relative fractions of D/D*/D** from 105 |
1
measured values (new approach!) 095 [
D9 bbbt
Process BR (%0)
Dlv 1.95+0.27 b L
D*lwv 5.05+0.25 1 1
o 0.93 0.95
D. v 2.7%0.7 005 1 s 2 0
Wlth D*l | V 0631011 E™ {GeVig)
1.1 ¢ 1.1
minimise the error coming from b 105 F : g e
fragmentation using ALEPH 0.95 T
measurement o os s 2 ™
= 0
BR(b —1) = (10.70 + 0.10, + 0.23, + 0.26,046)%
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LEP BR(b - 1) average

[] Global fit to Heavy Flavours results R,

BRO - 1), BROC~ 1 BRE= DX wams | i
[0 common input parameter values and  NEW RESULT
systematic definitions used by all N
experiments A, by EF] ; _.-l-“
[0 B.L.U.E. technique: take into
. L3 double-tag
account correlated systematic 1‘H‘|‘

[1 sample composition
[1 b and c lifetimes
O B*, BY, B, A\, production fractions

Jg-bb,g-cc

[I b and ¢ fragmentation

[0 A, polarisation

EFJ C13 () 47

OFPAL Meural Mel I .|,.,.| ‘

EPJ C13 {iny 225

LEPEWWG global fit _\.I__I.}

Budapest 01 . : :

8.5 1 1iE 11 11.5 1z

[1 semileptonic decay models BR(b— 1) (10°%)

uncertainty from the modelling

of b- | dominates
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M0
10.70:-0.080.21075
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10.16:0,13+0,23°0%

H1.13
10.83+0.10:0.20°7

(FUR RS IR SN Fns | M

+10 ISGW  11% D**

-1o ISGW** 33%D**

central ACCMM tuned to CLEO data
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LEP BR (b - ¢— |) average

[0 Global fit to Heavy Flavours . —
results from LEPEWWG
ALEPH avg } . ‘ 8.18:+0.15+0.2270

NEW RESULT
DELPHI avg M _H‘ 7980225021715

[Jlarge uncertainty from \ce. by EPJC
the modelling of b- | .
OPAL Neural Net M HAHLI6H02D

. . . EP)] C13 ((uy) 225
[Istatistical error sizeable

LEPEWWG global [t H 0401 24001 34009
Budapesi 0

I | |
7 7.5 B 8.5 o 95

BR(b—sc — 1) (10°%)
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Toward an extraction of |V,

[1 Semileptonic decay width predicted from Operator Product
Expansion and HQET:

] 2 _ .2 2 2 ]
_'u"—é”lG 20 - mc2 ,Ll(; _ zas Zél) +O(CYSZ)D
2my; m om, 3 =

|Vcb |2 Ij0
[1 Experimentally measure
M - X Jv) = SRe = XV)

Tb

. _ Gim;
102

Known phase space factors

T, = average b hadron lifetime
assume the semileptonic width for all b hadrons to be equal:

BR(D — X V) =y (f, 1, + .1+ fo1y +1, 1, )

supported by measurements:
15% uncertainty in [

BR(A, - XIv)=(8.0£1.2)% BR(b - Xlv)=(10.65%0.23)% :
for b-baryons gives a
T, =(1.208 £0.051) ps T, =(1.561 £0.014) ps 1.5% error on derived rSI

*P. Gagnon talk @ EPS99 Tampere
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Inclusive |V | extraction

[ From OPE predictions

I.1. Bigi, M. Shifman, N. Uraltsev, Annu. Rev. Nucl. Part. Sci. 47 (1997) 591

2GeV?

_ 2
V., [=0.0411 \/ B(bo*l(;gx )ﬂrSSpS E 00245u 0.5Gev %

(1+0.015( pert) +0.010(m, ) + 0.012(1/ m.))

Add theoretical uncertainties linearly

m (1 GeV) =(4.58+ 0.06) GeV/c?
average b-hadron lifetime: 1, = 1.561+0.014 ps

IV ["c'= (40.9 + 0.5 ) 2.4 ,0) 1073
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Testing HQET using b

[ HQET predicts the value forb - XtV

In absence of new physics the ratio

R = BR(b —» X1Vv)

" BR(b - clv)

Is controlled only by the lepton masses

] Two new measurements for this

conference:

Look for an excess of missing energy
due to the presence of two neutrinos

ALEPH E. Phys. J. C19 (2001) 213
OPAL preliminary measurement
Nice agreement among LEP

experiments

Constraints on 1 (A,) term
Constraints on tan(B)/M ,*
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Exclusive |V | extraction

L] B4— D* v decays

Fit the decay rate as a function
of the recoil D* energy:

m20+m2*— 2V
w=v([B°)Y(D*)=—% ° i
2mBng*
In HQET
dr

dw = K(W)Fg. (W) [V, |
At zero recoil (w=1)
Fo(1) =1l as m, -

Fo.(1)=1+O(a, /m)+ 51/mg +0

1/md

=0.88+0.05 Bigietal

shape around w=1 taken from
Caprini, Lellouch and Neubert

[] Fit simultaneously F(1) and the slope

42

410

8

In

4

F(1)V,, /103

31

A0

28

ia g 0 os iii L I Lii i
i h: 04 e 0B 1 12 14 16 LK

[] Main exp. uncertainty: D**
background subtraction

take O - 100 % variation
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|V.,| LEP average - Summaﬂrﬂy”_w

[l Inclusive: from BR(b — v X))
[l Exclusive: from B - D* v

Vb Exclusive
Average takes into
account correlations e
L METISYE
etheoretical uncertainties in H
emodelling of b - |
eexperimental systematics
Nice agreement between LEP average

the two measurements

Vo Wnrlv:hlgﬂmupl
Inclusive determination is more precise 30

Theoretical uncertainty dominates

e
H

H

32 34 36 38 40 42 44 46 48
v, (107

40.511.9+2.3

40.8:H0.552.4

40.741.9

V|= (40.74 £ 0.16 ) +1.88 ;) 10°
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b - IvX, measurements

e

—za_< W i e

[ b-u/b-c separation based upon both lepton and hadronic system
characteristics (M, < charm threshold)

0.l

al Invariant mass distribution
of the hadronic system sensitive
to —80% of the rate

25 3 35 4 Ignal simulation

(G Vie™

0oE -
06
o4 -

LR RES

1

ALEPH, L3 and OPAL : hybrid model
Ramirez et al (PRD 41 (1990) 1496)

noE +
oG -
nn4

oz -

M,< A exclusive decay modes
= = M, > A inclusive decay modes
0 05 I L5 2 25 3 X
- (GeV) N~ 1.5 GeV

DELPHI uses an ad-hoc model similar
to the hybrid one
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Data - Monte Carlo

General remarks AL EPH

[1 Mature technique to extract the signal

control b — ¢ background normalisation in
signal depleted regions

optimisation based in minimisingthe b ¢ 107
shape backgrounds

careful understanding of the background

NN

bu

10 °F
e

events / 0.1

topologies
it the sh ¢ ted si | 0O 02 04 06 08
200, I es acr]Je 0] expic e: Signa o NNbu
$ > DELPHI
100 - o WE
- _+_ o 750 é_
: &
100 | . . L=
0 02 04 06 08 1

1 T T [ e FEL L BN e L T 63
035 1 1.5 2 25 3

L=

a)

Ll b—osulw
F.A b —scly
B b—ae—

Differences in the analysis techniques by the experiments give different sizes of
systematic uncertainties for common surces
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OPAL new measurement (1\

.:-L. 03
= L - buly T —h—=uly
_ O ozf ! - hackground 0.2 t hackgroumid
[ select leptons using NN used for &
- - B - G‘.I
inclusive BR g " 2
=
- 0 0

remove b -c- | decays g q * O Pepton Encray (GeV)

Lepton-Hadron Mass {GeW/e

—

[ separate b— ufromb - cusinga g S
dedicated NN tuned to reduce 2 I P TTRAN I | bosuly |
_ ; L backaro 1 — background
total error (7 variables) Sl T 11 hackground ﬁ kground |
— 1 L ] 1 1 L] 1 L] T 1 ; . i '\E L 3] ".].T]i,_.! = db
ddﬂ]u " a] i O BE T TE £ IE 3 3f 4 if %+ % 3 48 €7 ¢8 W
o 4000 i b-ulv Lepton Transverse Momentum {GeVie)  [ron Transverse Momentum ((eVic)
Ly - -
D : gl 506 T ]
= - - 5 . — h—=ulv i —h—ulv
E 3300 o background g 2 | background) b 1, hackground
3000 | =
------- : £ w noz |
2500 ¢ | ] e =
2000 ... = TR TR 00 010203040506 07 0803
Rapidity Lepton Energy Fraction
1500 | -
e "o oozf —— h—=ulv
1000 | _;'—I_ E E - ::;E hackground
500 e B ] § o1
1 e L = E oos |+ R
0 010203040506 070809 1 : I 7
Newral Network Output = YT i iE,
Hadronic Mass (GxeVie™)
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Entries / 0.1

10

OPAL new measurement (2)

[1 Signal extracted from
the last 3 bins

viindf = 14.6/9
OPAL data
MC,no b—ulv

0 0.1 020304050607 0.8 0.9
Meural Network Dutput

Entries / 0.1

¥ indf = 8.3/8
« (PAL data
- MC withh—=ulv

Entries / (L1

0 010203040506 07 0,809 1
MNeural Network Qutput

BR(b - ulv) =(1.63 £0.57 £ 9> ,) 103
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NN output
after background
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— MC, b—=ulv_
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LEP average of |V |

[] Average BR measurements

5t s AL LY B
ALEFN +_4_|-1 173 2056+ LS] 0,2
DELFHI +__~.{ 169+ 0,53 4 045 2 0.2
L3 i. ] ] I I3+ 13IE N4 05
H—H
OPAL H 163 £ 05T 4 = L2
LEF Average H 167 2031 AT 202
pisibaseilesselinislissilisas

L] 1 1 3 4 5 &
BR(E - X_1vhx 107

[

D Use OPE predictions
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LEF fverage — Prabability Density Funetion

vub x10%= 4.05
+0.36
-.39
+0.43
0.48

B
025 (b=

+0.01 (7,
+0.19 (HQE)

(stat+exp.)
(b—c)

a1 1 M | I.V L1 T'l"rl 1 "'H'rl. 1
0.001 0.002  0.003 0.004 0.005  0.006 0.00°
LEP Yub Working Group = Summer 2001 Vio
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Conclusions

[ New and updated semileptonic B branching
ratios measurements from LEP
BR(b - 1) = (10.65+0.23)%
BR(b -c 1) =(8.04+0.19)%
BR(b - 1tvX) =(2.44+0.30)%

(] Updated V_, and V , measurements
Ve |= (40.74 £ 0.16 o, +1.88 )10
Vo |= (4.05 £ 0.67 o, £0.19 4;,,)1073
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