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Theoretical motivation and background
Experimental analyses at LEP1 and SLD ( e'e- Gs »91 GeV)
Heavy flavour electroweak fit and (almost) final results
Going to high energies (LEP2: ete- (3=130-209 GeV)
Summary and conclusions

Thanks to LEP electroweak working group

See http://lepewwg.web.cern.ch/LEPEWWG for numbers, plots...
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Theoretical motivation A
g M=
Measurement Z° partial decay width: Measurement of asymmetries:
R, @3(bb)/Ghad) At LEP A %9=%AA,
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M What's new ?

LEP/SLD now ‘part time’ collaborations — things change slowly
Analyses very mature, publishing final results

New since ICHEPO2:
DELPHI and OPAL finalised all b and ¢ quark asymmetries
SLD finalised Ry, R, and asymmetries
All done - LEP1/SLD results are final
Sophisticated analyses used on complete final datasets

LEP2 results:
Analyses still preliminary in many cases, some with partial datasets

Work continues to publish final results
Available data and combinations unchanged since ICHEPO2
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M Experimental environment ?—/«i

Structure of of Z ® bb and Z® ¢t events at LEP/SLD:

lepton
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frag meﬁg&tinn hadronic system
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b,c hadron

tagged b hadron |
or D™ meson

2-jet structure: initial g/q to largely independent hemispheres
Apply flavour (b/c/uds) and charge (g/q) tagging to each

Lifetime, lepton, D) meson tags, and combinations
Exploit consistency of tag results for tag calibration and systematics

Systematic issues: control of backgrounds from unwanted quark
flavours, understanding of hemisphere correlations (e.g. 3-jet events)
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b-tagging based on silicon vertex detectors

Impact parameters, secondary vertex E_
reconstruction, vertex mass :ﬁ
b-flavour tag: e=25-50%, purity 95-99% Eﬁmmﬂ

B secondary vertex charge: B* or B-
Tags quark charge for long-lived decays
Can also reconstruct decay chain
(b® )c® s® K-, tag kaon charge
Kaon ID with Cherenkov or dE/dx

Lepton-based b/c-tagging (e or )

Limited by BR(b® |) and (c® I) to e » 5%

Separate b® |, c® | and b® c® |

Lepton p, p, and jet shape variables in
likelihood or NN P extract quark charge

D) meson-based c-tagging

Small BRs, enrich with incl. D*® D%p*
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b and c flavour/charge tagging
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M Reaching the ultimate precision ?—A*‘

g% |

b-flavour tag: soft, medium, tight

Combine the basic techniques §* 50 me
Multiple b/c flavour tags with different :j"
purities and efficiencies - .
Double tags allow b and sometimes ¢ 'E T oy TS
efficiencies to be derived from data - ™ L ST

Monte Carlo needed mainly for uds
efficiencies and hemisphere correlations | *

Charge tagging — combine jet charge -
Qie=S0;(p)* with various k weights 0<k <1z,
... with other available estimators in
each hemisphere (lepton, vertex, kaon)
Typical mistag rate 25-30% for b-hemis 00|
Sophisticated multi-dimensional fits 2000 |

Extract the maximum from each event,
depending on purity and tag confidence

"DELPHI,

® data

—— simulation
b quarks

@ b anti-quarks

AT

- 00@0 %

SRR SRR
0‘:*:’!’:’.\/'\’:‘.’“
L ERRIRISBI
SRR o

72 ‘330003’:‘:’3’:’:‘0‘4&'\\0’0
: 0’0‘0’0’0’0’0‘0’4’:":‘0‘0’3\.-0 o

- - . . .8
17th August 2004 Richard Hawkings 6



M Heavy flavour electroweak fit ?—A

Sophisticated combination procedure is used:

R,, R, and asymmetry measurements depend on each other,
common systematics and external inputs (LEP+elsewhere)

Common fit to electroweak observables plus auxiliary params
Charm hadron production fractions, b/c semileptonic BRs and mixing C
All measurements corrected to consistent set of external inputs

Fit LEP asymmetries AgP¢ and SLD A, . separately
Also fit LEP off-peak asymmetries separately to check energy dep. OK

Final fit c2 with all LEP asym corrected to peak is 53/(105-14)

Very low — are errors overestimated? Combination of effects:
Statistical errors only: ¢2=92/(105-14), but large contrib. from BR(b® I)
Without this, c?,_,=65/(99-13)° 4%; low fluctuation..?

With systematics: ¢? reduced by ‘extreme’ semileptonic decay models;

other systematics estimated from statistical data-MC comparisons
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M Results for R, and R, ?—A*
. q -

ALEFH mul! g . 0.2158 + 0.0009 + 0.0009 ||?;]IIPH T.?__ 0.1685 + 0.0062 + 0.0080
DELPHI mult - 0.21643 +0.00067 + 0.00056 e Lot —":—— 0.1682 £ 0.0082 + 0.0082
199293 DELPHI ——&—- 0.161£0.010 £ 0.009
L3mult  ———fA—— 0.2166 + 0.0013 + 0.0025 fiomesen 1993 5
T Lo%g[?g 'C:?_— 0.1744 £ 0.0031 £ 0.0020
51D vtx mass 3 ?;.— 0.21580 = 0.00094 + 0.00076 . U_UI.:ILE['_'I’-! ,.' '''''''' 0.1735 £ 0.0051£0.0110
1es ) - D;E.L];fll:lol_ :.w.r'-: 0.1693 £ 0.0050 = 0.0092
LEP+SLC g 0.21630 + 0.00066 |
250 corrected for y exchange LEP+SLD T 0.1723 £ 0.0031
- R,9=0.21630+0.00066 oo R 0=0.1723+0.0031
;‘ | I‘c'rrh;d
) | (stat 0.00044, syst 0.00050) (stat 0.0024, syst 0.0019)
E 150 f
\ Good agreement with SM expectations
Banis aats o2 om R, sensitive to m,,, and in good agreement
T/ s with direct Tevatron measurement
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ALEPH leJ_'rrcms
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b-asymmetry at Z pole

0.1009 £ 0.0038 £ 0.0017
0.1031 = 0.0051 = 0.0024
0.1007 + 0.0060 = 0.0035

0.1016 = 0.0025 £ 0.0012
0.0984 = 0.0030 = 0.0015
0.0954 + 0.0101 + 0.0056

0bh _ 0.0998 + 0.0017

[] m=178014.3GeV

B Aoy, = 002761 £ 0.00036

0.09
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LEP analyses using leptons (also give
A-s°) and inclusive (jet charge++)
(Too) good consistency between them

A-;=0.0998+0.0015+0.0006+0.0005
Uncertainty is statistics dominated
Common expt. systematic is 0.0004

Mainly from QCD effects — %4 total error

Additional theory uncertainty of 0.0005
from comparison of ZFITTER versions

SLD 4 0.917 £0.018 £ 0.017
vtx charge + Kaon
SLD =01 0.907 £ 0.020 £ 0.024
Jjetcharge
SLD o e 0.855 £ 0.088 £ 0.102
Kaon 94-95
SLD —n@m— 0.939 £ 0.030 £ 0.023
lepton
SLD —?— 0.923 £0.020
II 0.3 .II 09 |
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M c-asymmetry at Z pole ?—A*‘
b q -

LEP analyses using leptons (also

A° x
B measure A? and D® mesons
ALEPH ||_=|>h.'rn? »— 0.0732 £ 0.0053 £ 0.0036 GOOd ag reement prOVIdeS
DELPHI leptons 0.0723 + 0.0084 £ 0.0062 confidence that b/c separation in
100195 b raad . .
L3 leptons A 0.0832 +0.0301 +0.0197 leptonic events is understood
190001 .
Arz°=0.0706+0.0030+0.0017
Bt 11:- 00000 F 00085 £0.0043 Result is also statistics dominated,
T s T PO OO =000 common systematic 0.0009
Additional theory uncertainty is
LEP {A::_}= 0.0706 + 0.0035 negligible for Arg©
summer 2002 100 | 2%, [Gev] Include Total Sys 0.0017
; ' With Common Sys  0.0009 SLD —0— 0.674 +0.029+0.023
vix charge + Kaon
= []m=1780+4.3GeV SL.? — 0 0.689 £ 0.035 £ 0.021
S S R
- 2 Aoy, =0.02761 £ 0.00036 SLD — Qs 0.587 + 0.055 + 0.053
E= ll]z:- lepton
SLD —qp— 0.670 £ 0.027
o4 e 008 0.1 0.12 A
e “ & A=0.670+0.027
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Tensions in the Standard Model

x*x

Final

0.23099 + 0.00053

0.23159 £ 0.00041
0.2324 + 0.0012

Preliminary

0.23210 + 0.00030
0.23223 + 0.00081

0.23147 = 0.00017
yidof 97/5

c?/dof=9.7/5

Bz Aoy = 0.02761 + 0.00036
EHm=178.0+4.3 GeV

" 'Preliminary |
! A
Ars” (LER) AP,
| - ﬁ Q"
0.8 A =0.923+0{020 (SLD)
: A’Dt;b
oz b L1 A
0.13 0.14 0.15 0.16 0.17
A Average
A, from SLD and A_;° ‘bands’ consistent 10
with Standard Model =
A (from A, lepton asym and t is ‘high’ (E
... giving a ‘low" A from LEP AP results L
Also seen when measurements are E 102,
interpreted as sin?g in Standard Model -

~3s discrepancy between A ; and AP
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M What could be wrong with the b-asymmetry? ?—A

Could A.z° from LEP be wrong?

e Je Source S(Ac°)
Total error is completely dominated by Statist 0.0014
statistical uncertainty tatistics '

7 measurements from 4 collaborations, Internal systematics | 0.0004
leptons and inclusive/jet-charge QCD effects (corl") 0.0004
QCD correlated systematics including QED theoretical 0.0005
hemisphere correlations b/c phvs 0.0002
Gluon radiation dilutes asym by ~4% C Pysics :
Effects calculable up to O(a 2) and Total 0.0017
partially removed by tag calibration @ (] S
New QED theoretical uncertainty from q?‘ ;?EEHZ Jlq 2V B
gZ interference in ZFITTER = _“f; ’ i Wx‘ -
Some inconsistencies in option L Ve ghion
settings, expect this to be resolved /\mmt / /\
Any of these uncertainties would have s

to be underestimated by O(10s) to

‘explain’ AgP-A  discrepancy!
17th August 2004 Richard Hawkings 12



M Going to high energies &
b 1 ‘I:I':
[ ALEPH preliminary + Entries 1508

qq cross section only O(10-3) of LEP1
140 | 207 GeV doto

Relatively low statistics — use single
tag measurements (or event tags)
Increase in systematics not significant

—

[

<
|

o
o

New features
Reject radiative return to Z

Kinematic fits for galong beampipe or

in detector acceptance ;

Reject WW and ZZ background 1

Standard WW/ZZ selections as vetos

Tag b and c with lifetime/leptons/D*
Asymmetry from leptons, D’, jet charge ch o pict 4

Data from 130-209 GeV (~700 pb-i/expt) arm. tag for hig engrgy_ a.ta
Reject b-events using lifetime tag

N® of events _,
o0
o

o
o

2

0 0.5 1 1.5

0—2 -1.5 -1 =05
NN jet1+jet2

Currently results from subset of data _
Lower energies final, higher preliminary Separate charm from uds with NN
Event shapes, lifetime, particle ID

13
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LEP2 b/c-quark results
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M Constraints from high energy results

Set limits on non-SM physics:
Contact interactions: limits on

e i at
=
q - !

ob — LEP Preliminary cc — LEP Preliminary

. . ; LL I LL I
models with various couplings
ith energy scale L; e=1/L? ) - =
wit gy ! _ VY e VY I
Affects both cross-section and 4, AA
asymmetries LR B R B
Heavy flavour results test eebb rL —T RL T
and eecc couplings directly VO — VO E——
Leptoquark exchange: AO — AO =
Again, modify cross-section | o | | |
and asymmetries 25 TeV AN 25TeV  25TeV A i\ 25 TeV
Heavy flavour results test 2nd Kb KR KR XL %R XL XR
(c) and 3d (b) generation LQ S-2™ |539 430 285 269 309 478
couplings S-3r 465 389 107 1050
'—r:m'ts fare Cﬁgg‘f\meptary 0 vond |g92 183 630 357 256 187 873
+
those from evaton y, sa |g29 170 451 183 829
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= Summary and conclusion R
b T

LEP1/SLD heavy flavour electroweak results are final
(Small theoretical QED issue still to be resolved)
Huge amount of work by many people over many years
Sophisticated analyses to squeeze maximum out of the data

Standard Model is impressively verified
Prediction of m,,,, m,, m,...
~3s discrepancy between A_gPfrom LEP and A  from SLD

No evidence of systematic problems with A_;P on level needed to
explain this effect ... a statistical fluctuation or new physics?

An intriguing puzzle left from the LEP/SLD era for the next generation
LEP2 heavy flavour electroweak results still being finalised

Publishing of final results on complete datasets ongoing
No surprises so far — good agreement with Standard Model predictions
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LEP asymmetries vs energy
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