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Abstract

. With a new UAl lower limit of 41 GeV on the top quark mass my, one mxght think that
“the best available bounds come from B B mixing. We show however that most analyses .
have been too optimistic and that the basf. lower limit (at the 90% C.L.) that one can

extract from the ARGUS. measurément is of theiorder of 30 GeV. We also discuss the
" status of the upper limit on m; that one can derive from the pp collider measurement of

" the ratio R'= N(W-rev)/N(Z—-»e"‘e"‘} andcombmethetwotoget25GeV<mt<mw
“'_attheQS%CL. | . L R
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I. Upper Limit on m; from the R Ratlo: e
 The R ratio, experimentally defined by R = N(W — ev)/N(Z — e'*‘e"‘) is theoret:—
cally given by the following expression:

R o] x [ = &] g

. The first factor, giving the ratio of the branching fractions, is entirely determined within
the minimal standard model. Via the W and Z total widths I'w and I'z, it depends on
the number of light neutrinos (which we set equal to 3 in the following) and on my. The
second factor, representing the ratio of the W and Z production cross sections, contains
all the theoretical uncertainties. At the parion level, R, 18 well determined: the Feynman
diagrams entering the calculatlon are identical to order %, thus guaranteeing the absence
of big corrections m the ratm, such as K factors The .order ag corrections have been

estimated!) to be at most 3% and have been inctuded in the present analysis. The main
uncertainty in the calculfatmn ¢omes from the em’oeddmg of the parton process into the

hadronic structure. The first attemptszj used standard sets of stricture fanctions. Figurel
shows that such a procedure produces a bound my < mw at the 1.5 o level. It was then

------

noticedd) that R, depeiided: ‘effectively on the ratm u/d (== ‘mw/+/8) only and that
this ratio had a negligible Q2 dependence One can thus dxrectly Jinput experimental
measurements of thls ratio 1o, eva.lua.{:e Ro A compilatlon of; the gstmates from most of
the available data sets is given in Flg 2 and léads to the’ average:

<R, >=342+001+002+004+e¢ (2)

The first uncertainty comes from averaging the results of Fig. 2, the other uncertainties
originate respectively from the errors on mw, sin{fw), and from the charm contribution
to the process. As we are considering a variety of independent data sets, we have assumed
that it is safe to neglect the systematic uncertainties. Comparing the resuiting R value
with the combined measurements of UAl and UA2 leads to an upper bound my< mw at
the 98% C.L. In this approach, each individual data set has little weight of its own, so that

the inclusion of the new BCDMS data?) in our analysis modifies < Ry > by less than 1%.

II. Lower Limit on m; from B$BS Mixing:

... .- The ARGUS collaboration measurement of Bj BO mnungs’) comabined with well-
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: The main theoretxc&l uncertainties are as’ foilews the ﬁmt factor eontams the’ KuMﬂmatrm

" élement’ iUgg] \which ¢an'be acéessed only via the measurements of the other .M. matrix

' elemrents arid the imposition of unitarity; the second factor introducet the B decay constant
- fp {coming from the vacuum insertion} and the B bag parameter Bp (fmm theinsértien of
higher order intermediate smtes) ‘both of which canénly be dapproximately estimated via
lattice QCD, QCD sum rules or large N expansions. Furthermore, the other factors (i.e the
' loop intégial Froop #¥ m¥ and the QCD radiative corrections igop) depend on quark masses
and Agop. To &stahhsh a real bound on my, one needs to let all the parametess.of the
problem vary in a reasonable range and to fit all the data constraining |Uiqel. The present
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analys;sT) thus simultaneously fits i) the K.M matrix elements [Uyal, Uucls [Tuels [Ueel; i)
the € parameter of the K°K® system; iii) the B lifetime rp; iv} {§m/|/T'p. These quantities
depend on the following parameters, which we vary: i) the K.M. anglés and phase; it}
the quark masses m. and my,; iii) the bag parameters By and Bpg, as well as the decay
constant fg; iv) the QCD parameter Aqop. We further assume that /U] < 0.2
and use a QCD model for the B semileptonic width, frem which we extract rp usmg
the measured semlleptomc branching fraction. Using a procedure cloge to the maximum
likelihood method, we fit all the above data at the 1.5 o level for my > 25 GeV (if
& Bs <004 GeV"*} and for my > 30 GeV (if f§ By < 0.03 GeV?). .

_All the parameters are fitted to conventional values, except the ma,tnx element U
and the ratio ry = {Uus!/|Ucs| which respectively take the values 0 07 and 0.2 for my =~

30 GeV. This mlght seem at first sight to contradict the CLEO a.na.lysnss) which gives
bounds |U,] < 0.05.and ry < 0.09 for QCD-based models. We thus recons:lder their

.-

analysis in the explicit case of the Altarelli model®} of B semileptonic decay, which we
extend somewhat. The original model differed from previous ones by the mcluar.on of first-
order QCD corrections and more importantly by the elimination of the m{ dependence
of the rate. To achieve this, it assumed that the produced light spectator quark had a .

momentum distribution ®(p) (taken to be gaussian} and that the b quark was off-shell

by an amount determined by exact kinematics, We keep exactly the same assumptions, .-
except that we allow the distribution &(p} to:be undetermined. We show in Fig:.3 the -
spectra resulting from rectangular spikes in: pzﬁ?(p) of width:100.MeV centred aroind po.. -

We clearly fit both the semi-leptonic width. and the endpoeint:spectrum-if we dssumie a -
momentum distribution peakad around 0.7 GeV. This'would mean that the b quark would -
have an effective mass close 40 4.6 GeV whxch is the best value of my, determined by ous -
simultaneous fit. Finally, the bounds that one got from considering the D* polarization in

B — D*li exclusive decay have to be reconsxdex‘éd in view of the new ARGUS ana!yslsm)
which contradlcts the o:j:glna.i CLEO results and favours QCD-based models for B decay.

I Conclusmn. P - :

Although large . theoretmai uncertainties a.ﬂ'ect the bounds one can get on mg, we
conclude that from R and Iéml /T 5, one can extract: 30 GeV < my < < 63GeV- (90% C L. )
and25GeV<mg<mw(95%CL) !
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Fig. 1::Dependence of R on m; assuming 3

generations of quarks and leptons. The

calculation?), using standard sets of structu- -
re functions, is compared with the measured

valie obtained by. comblmng UAl and UA2
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Fig. 3: The values of |672]/T 5
resultiig from our fit

are compared with the ARGUS
measurement for ff;B B <

0.03 (1), 0.04 (2) and 0.06 (3) GeV?,
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Fig. 2: Values of R, are calculated® by
extracting the ratio u/d from a series of
experiments. We assumed mw = 80.1 GeV. .
and fixed mz from sin® Sy = 0,232. After

including the errors on these Quanﬁties we . - .-

obtain < Rg >= 3.42 +.0.05.

Pleptm Gev) % {GeV)
Fig. 4: Simultaneous fit to the endpoint

spectrum of B semileptonic decay®) (A) and to

the B semileptonic width {B) for [T} = 0.07,

1Uus] = 0.014, mp = 4.6 GeV, m, = 1.8 GeV.
and 0 € m, < 300 MeV. pq is the momentum.

of the light spectator quark {see text),
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