B physics from LEP and SLD

Roger Forty, CERN

The era of the B factories is just beginning,
taking over from the Z factories

[ will concentrate on B decay properties
rather than production/electroweak
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1. Lifetimes

Inclusive, topological vertexing technigues give most precise T(B™)

Limited for BY by contamination from the other neutrals: B. A,
— select BY decays using partial reconstruction of Bl D v
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Summary of results for the B lifetime:
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Comparison of measured lifetime ratios with predictions [Bigi}:
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Predicted hierarchy confirmed, but long-standing discrepancy for Ay

However, may be resolved by theory: range of predictions for
reasonable choices of unknown hadronic matrix elements [Neubert]
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Recent analysis based on QCD sum-rules [Huang. Liu. Zhul:
A /T(BY) =0.83 £0.04



measurements at LEP and Y(4S)
2 Ff@fhcrﬁd vame somewhat higher than measured

From the same review of Neubert [ICHEP 1997]:
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Prediction for B(B — X/v) is correlated to n,
the number of ¢ or ¢ quarks produced per b decay:
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In this case, experiment has resolved the discrepancies



New AL EPH measurement of B(b — X[v) from lepton p SPEctruim.

ALEPH PRELIMINARY

Uses latest fragmentation function xg = B B

from B = D*IV [ALEPH 2000-068] (xg) =0.730 £ 0.008
consistent with SLD result [SLAC-PUB=8316] 0.714 = 0.009
but harder than traditional LEP value 0.702 £ 0.008

Second approach: use charge correlation between lepton and
opposite hemisphere, reduces model-dependence

Final result: B(b = XIv)=(10.55£0.09 £0.32)% [ALEPH 2000-069]
Latest LEP average: (1056 £0.11 £0.18)% (Goluwin, ICHEP]

B(B = XIv)=B((b = XIv) x¥B)/t(b) = (10.79 £ 0.25)%
in good agreement with value from Y(4S) (1045=0.21)%



New SLD measurement of n . from topological vertexing:
Fit number of reconstructed vertices and veriex separation distances
with Monte Carlo functions for decays with 0, 1 and 2 charm vertices
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Correcting for charmonium B, = (24 +03)%
they extract: n,= 1238 +0.027 = 0.048 {SLAC-PUB-8686]
Previous world average: 1.152 £0.036 [Gelutvin, ICHEP]

New averages for n_ and B(B — X/v): no significant discrepancy
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3; Vcbm Vw

F 19218 %
= assuming equal
e V-. _— semileptonic widths
¢k

— inclusive extraction of |V, |, using Heavy Quark Expansi

IVcbl =(0.0411 £ 0.0018) J Bb=cFV) [1.55ps [Bigieial
' 0.105 T,

(40.7£0.5+£2.0) x 10 [LEP V,, Working Group]
ef (40.1 £0-940F) [Thorndike (crEo)]
Alternative approach: use exclusive B — D** I~V decays

Differential decay rate: dIdw e F3(w) IV, |
where ®=my? +mp,2 =¢* s the D* boost in the B rest frame
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From HQET (for mg = e2) Fl@)=1al @ =1 (zero recoil)
Finite mass and QCD correciions — F(1) = 0.88 = 0.05 [Uralisev ez al]
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New result from OPAL (before efficismey comrection):
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F()IV,l=(345£07£15) x 107
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Consistent with inclusive result, averaged 1o give:

Ivcbl =4 4+18)x ]0'3 [LEP V., Working Group|



Charmless semileptonic BR also measured at LEP

New result from DELPHI: select sample enriched in b — u decays
Recent  using K/p veto, requiring small offset of lepton from B veriex
mass of hadronic system my < 1.6 GeV (below the D mass)
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Substantial background from b — ¢ decays, requires careful subtraction
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Study of BY=BY oscillations requires tagging of production state
SLD profit from polarized e~ beam (combined with other tags):

*+ SLD Data
= MC

100

Overall mistag rate ~ 23% (for 100% tagging efficiency)

Example of fit for the BBV oscillation frequency A,
(from the same OPAL analysis as measured tg)-

%08




Measuring A, has become an industry:
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20 results from LEP+SLD, giving ~ 3% precision on Am

However, extraction of V4 limited by uncertainty on
hadrenic matrix elements, taken from Lattice QCD
Aniy = GFZ mwz—" Mg Sﬂ(m}}mwz] Hig, |Vm_j|-2 fB—l B B
6 7’
b o d fNB=(210+40)MeV [PDCG2000)
: : (230 £ 40 ) MeV [ Acki]




Some uncertainties cancel in the ratio with the B= ﬁ Tequency:
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Measurement of Am_ is still a hot topic [mt&&afﬁﬁl@&m]
Amlysesa&eombMu_gmeAmpm echnique:

A =1 at wue i_&ms
0 for test frequency < true A

: for an analysis with N eveats,
P(1=2w)YN B purity P, and mistag rate w

< 6, needed
to exclude Am,
at 95% CL
(ifA=0)
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5. CKM constraints

Plot likelihood as a function of (p,n) Wolfenstein parameters,
as constraints from LEP+SLD are added in wurn:

using f,VB, =
(210 £ 40) MeV

Ann
Am

using & = 1.16 £ 0.07

Relative likelihood

= 0lo £ 002

Interpretation as a confidence level is debatable, due to problem of
ascribing a strict confidence level for theoretical errors

and B’aa&ﬁidn Ve ﬁ.—e?“.h‘rt l'n!'erprcht‘-’pn [Hé;rker €t‘al]



However, the result is rather insensitive to the functional form used
to decribe the theoretical errors
For example, using a "top hat" form _I™ L instead of Gaussian:
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Corresponding distribution of sin 2f3:
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Severe statistical limitation to direct measurement at LEP:
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A wide spectrum of B physics results has come from LEP+SLD

The B decay measurements have been amongst the most precise
in the world, and give sirong constraints on the CKM matrix

Most analyses complete, but final push for B, oscillations



