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B Physics at OPAL

e Introduction

e Electroweak Measurements
e Lifetime Measurements
e Mixing

e Exclusive B Decays
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Why Study B’s?

e Heaviest quark available
At LEP, centre of mass energy W > My, 2> Aqcp

e Intimately related to top quark (and Higgs)

Experimentally:

e Heavy mass
— High momentum products
(hard fragmentation)
—= High transverse momentum
to initial quark direction

e Significant semi-leptonic branching ratios
BR(b— €)~10%
BR.(b— u)~10%
— Lepton tagging

e Long lived 1, ~ 1.5ps
— Vertex tagging

e Z° — bb is 22% of all hadronic Z° decays

e No target remnants

Each LEP experiment has ~2 Million hadronic Z° decays
— ~ 500K Z° — bb decays



B Identification using Leptons

Had C
EM Muon Chambers
Muons
High Mt
\ High Pt
Jet Dir
> || -
f I\\J

Background: e Real muons from charm decays
« Muons from K and n* decays
* Hadron interactions in calorimeters etc

Had C
Muon Chambers

I

Background: e Real electrons from charm decays

Electrons

¢ Electrons from y conversions
* Tracks overlapping with ys from s



B Identification using Silicon Detectors

10 to 20um point resolution at 6cm radius
Decay Length

Primary
Vertex

................................

Decay length

I

Typical decay length 2mm at LEP
Typical resolution S00um

Impact Parameter

-
-
-

Impact parameter
Typical resolution 20 to 50m

A
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I't/I'had Measurements from LEP
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Event shapes
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0.219 £ 0.006 * 0.0605
0.2161 + 0.0088 £ 0.0055
0.2184 £ 0.0022 *+ 0.0075
0.224 + 0.011 + 0.007

0.220 £ 0.016 = 0.024
0.204 + 0.014 £ 0.014
0.220 + 0.002 + 0.013

0.228 £ 0.005 £ 0.005
0.232 £ 0.005 £ 0.017

0.222 1+ 0.003 £ 0.007

0.2192 + 0.0022 + 0.0031
0.222 £ 0.007 £ 0.011

0.2209 1 0.0041 £ 0.0045

0.2257 £ 0.0034 * 0.0059
0.218 1 0.006 + 0.010

0.2197 £ 0.0031 + 0.0033

0.2208 £ 0.0013 £+ 0.0020
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Apg(bb) Measurements from LEP

ALEPH* 90-93
DELPHI"* 91-92
L3* 90-92

OPAL®* 90-93

Global leptons

Global leptons

Global leptons

Global leptons

ALEPH" 91-93

DELPHI* 91-92

OPAL* 91.92

Jet charge

Jet charge

Jet charge

LEP Average

0.088 £ 0.007 £ 0.002

0.108 + 0.013 + 0.005

0.095 £ 0.012 = 0.004

0.090 + 0.010 + 0.004

0.104 £ 0.009 x 0.005

0.114 £ 0.017 £ 0.009

0.095 + 0.011 + 0.004

0.094 + 0.004 + 0.002

0.05

0.15
Ay (bb)
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sin? 0.5F* Measurements from LEP /SLC

LEP A}, 0.2311 + 0.0009
LEP PT 0.2311 + 0.0013
LEP PIT B 02350 + 0.0015
LEP A2 0.2328 + 0.0008
LEP A% 0.2324 £ 0.0026
LEP Qg 2 0.2320 + 0.0016
SLD AL e 0.2294 + 0.0010
Average 0.2317 £ 0.0004
I 1 1 1 i l 1 l ] | 1 1 I
0.225 0.23 0.235 0.24

Sin’0%y
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Contributions to B Lifetimes

Spectator Interference Exchange AnniPilation
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BY and BT Lifetimes from LEP

ALEPH 1991 D lepton

ALEPH* 91+92 Exclusive
DELPHI 1991 D lepton
DELPHI* 1992 Vtx charge
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Bs and Ay Lifetimes from LEP

ALEPH 91.92
ALEPH* 91-93
DELPHI* 1991
DELPHI' 1991
DELPHT" 91.92

OPAL  90-92

D, lepton
D, hadron
D X

¢ lepton
D,u
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B Lifetime Summary

1(BY e 1.5240.13
(BY) e 1.69%+0.14
1(B,) - . 1.66 + 0.22
U(A,) . | 1.10 + 0.15
Ceonoa Lo oo by v by v s o 1
0.8 1 1.2 14 1.6 1.8 2

Lifetime (ps)

1B B°) 1.14 £ 0.15 Theory 1.05
(B )/t(B) 1.11+0.18 Theory 1.00

T(A,)/T(B") 0.75 £ 0.12 Theory 0.90
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xB Measurements from LEP

ALEPH* 90-93

DELPHI* 91-92

L3* 90-92

OPAL* 90.91

Global leptons
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ALEPH 89-90

DELPHI 91-92

DELPHI" 91-92

Jet charge

Jet charge

A lepton

LEP Average
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Time Dependent B Mixing
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Amg Measurements from LEP

ALEPH 91-92
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| Exclusive B Measurements from LEP
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Conclusions

B Physics is a very fruitful field at LEP

e Will provide (eventually) the most precise tests of the
Electroweak Standard Model

e Individual B lifetimes starting to show interesting
differences

e Time dependent B? — B’ mixing observed and more

precise measurements will follow

e Some exclusive B decays seen — more detailed studies
with higher statistics

e Better measurements of B production and decay in
near future due to improved tagging techniques
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