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3.2

Asymmetry measurement using vertex tag and jet charge

The secondary vertex/impact parameter is used to tag b hadron. The momentum
weighted jet charge using all charged particles in the jet is used to assign the b
quark charge. The relevant systematics here are due to fragmentation sad decay
models assumed to describe the data as well as meson/baryon composition. The
results are however competitive to the lepton tag. Moreover the effect of missing
neutrino is less relevant in this case.
ALEPH [20] and DELPHI [21] have used this technique sad their results are shown
in the table 5. Averages for lepton tag, vertex and jet charge tag as well as overall
are shown in the same table. These results are already corrected for the mixing
parameter. Since these measurements are performed slightly above the Z peak, a
small correction is applied and the final measured peak asymmetry is
A~, = 0.092 4- 0.006

which leads to sin20w = 0.2322-t-0.0011 to be compared with the LEP average
sin 2 0 w = 0.2321 + 0.0006 from all methods including this measurement. Conservatively one would expect true sin20w to be smaller, if all the effects mentioned
above are taken fully into account.

4

b Hadron Lifetimes

The measurement of b hadrons lifetimes at LEP has the advantage of relatively
larger boost making it a cleaner measurement without any miTing of the tracks
from the two jets in Z --, bf>. Excellent measurements, both inclusive as well as
exclusive, for b hadrons have been performed. Real justice can not be done in this
kind of review. Only a gilmps of the overall situation is given. Being of fundamented importance, these measurements are relevant not only for the understanding of
b hadron decay mechanisms and the Cabbibo-Kobayashi-Maskawa (CKM) matrix
elements in cosequence, but also from the fact that b tagging using lifetime technique requires an accurate measurement to minimise the systematics, in particular
for Rb. The most naive, yet simplest to connect the lifetime with CKM elements,
is the so called spectator model. In this scheme, the light partner is ignored and
the b quark is treated to decay analogous to a muon.
For muon decay
F(p.---, eP~v~,)= G~m~192a
"~ f~
where f~ is the phase space factor, and GF the Fermi coupling constant. In a similar
way for b hadron decay
2 5
GFmb
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r(b --, t,X) = 1921rs(fc[ Vcb +ful Vub 12)

Br(b -4 t, x)
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where ~ and fu are combined phase space and QCD correction factors corresponding to the relevant decay modes.
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Br(b--, t,X) together with ~ constrains the CKM elements [Vcb [ sad [ Dub [. It
is obvious to see that in such a scheme the lifetimes for different mesons (charged,
neutral, strange) and baryons should be the same. There are several relevant diagrams like W annihilation, W exchange and quark interference which need to be
considered depending upon the quark content of the b hadron. Consequently one
would expect
to be the more realistic case within 10-20% [22]. Exact predictions
still difficult
as it requires to understand hadronlc decay matrix (quark masses , QCD effects
etc). The experimental measurements can help a great deal in this direction.
are

4.1

Inclusive lifetime m e a s u r e m e n t s

The 4 LEP exD timents ALEPH [23], DELPHI [24], L3 [25] and OPAL [26] have
performed this measurement. The impact parameter of the lepton (p and e) are
used for this purpose. The method is illustrated in figure 7 . An example for
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Figure 7: Definition of the transverse impact parameter and various resolution
effects.
the actual fit to the data taken from the L3 experiment is shown in figure 8 .
The important systematics for this measurement come from the understanding of
semileptonic branching ratios, fragmentation parameters for heavy and light quarks
and the measurement resolution function.
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