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We present a theoretical analysis of the process pp ~ pfX, utu®*X’, utu—X' due to heavy flavour production and de-
cays, based on perturbative quantum chromodynamics, QCD. We find reasonable agreement for the inclusive rates and dis-
tributions between the UA1 measurement and our calculations, with the exception of the dimuon ratio R (++/+--), which
is found typically a factor ~1.8 smaller than the UA1 data. We interpret this excess in terms of Bg —-ﬁg mixing and obtain a
lower bound on the mixing probability, r; > 0.14. In the standard model this implies a lower bound on the Cabibbo—
Kobayashi—Maskawa matrix element | Vig| g1ven the top quark mass. The lower bound on | Vil and the upper bound on

|Vigl, obtained from the (upper bound)B0 Bd mixing probability, rd from e*e~ experiments are worked out.

1. Introduction. We address the question of heavy
flavour (charm, bottom and top) production at the
CERN SppS collider, in the context of perturbative
quantum chromodynamics, QCD, concentrating on
the inclustve muon and dimuon data measured by
the UAI Collaboration [1]. Qur first aim 1n this pa-
per is to show that QCD calculations quantitatively
account for the large p, and/or central production
of heavy flavours at CERN collider energies. This
observation is in direct contrast with similar attempts
at lower ISR—FNAL energies, which have failed to
reproduce the data on charm hadron production [2].
We present here the essential features of a detailed
theoretical analysis that we have recently finished
[3] for the inclusive muon and the so-called non-iso-
lated dimuon data in the process pp > ut X, utuzX’,
wtu~X'. The corresponding isolated u*u—X data are
already well understood in terms of Drell-Yan pro-
cesses 1n QCD [4].

Our second amm is to estimate the dimuon ratio
R(2%/+-) in pp collisions and compare 1t, under
identical acceptance conditions, with the correspond-

1 Also at CERN ,CH-1211 Geneva 23, Switzerland.
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ing UAT ratio. Aswe are goihg to show below, we find

R(£t/+—) =0.24 £ 0.05. The theoretical error here

reflects the various experimental uncertainties on the
input parameters concerning heavy flavour produc-
tion and decays. Compared with the UA1 measure-
ment R(xx/+—) = 0.42 = 0.07 £ 0.03, our estimates
are typically a factor ~1.8(2.40) below the data. We
take the experimental excess seriously and follow up
its earlier interpretation [5] in terms of BO—B0 mix-
ing [6], getting bounds on the quantity x where x
=B~ *X)/T'(B = £:X). The estimate of x from
UA1 data 1s, within 10, consistent with the upper
bounds obtained in ete~ continuum experiments [7],
namely x < 0.12(90% CL). The corresponding bound
on the quantity x4 = I‘(Bd X)/r(Bg >~ Q*X) ob-
tained from the process ete~ > T > BBy, B, B,,, by
the ARGUS collaboration at DORIS, namely x4 <
0.11(90% CL) [8], allows significant mixing in the
B0 EO sector only. We determine the lower bound
on the B B mixing measure g, r; = X/(1 — X,),
from the UA1 data. In the standard three family mod-
el, the lower bound on r¢ and the upper bound on r4
from the two experiments are equivalent to a lower
bound on the Cabibbo—Kobayashi—Maskawa [9]
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(CKM) matrix element | V| and an upper bound on

| thl, respectively, given the top quark mass m,. Our
third aim is to determine these bounds as function of
m;. We will take up these points one by one.

2. Heavy flavour production at the CERN collider.
As we have stated at the very outset, the calculations
for the heavy flavour production presented here are
performed in the framework of perturbative QCD.
We have taken into account the following three pro-
cesses ¥ 1 :

(@ PP~ QX(Q=c,b,1)
(b) pp—> WX~ cs, tbX'
(c) pp—~Z0X - cc,bb, ttX'

where all the 2 - 2 and 2 - 3 processes at the Born
level are taken into account. For example, for the
class (a) the lowest order fusion process [10] leading
to heavy quark—antiquark pair production

G~ QQ, g~ QQ )

and the three processes, contributing to inclusive
heavy flavour production in O(a?) [11],

93~ QQg, gg~QQg, g3~ QQq )

are included in our estimates of the heavy flavour
cross-sections, which we shall be calling QCD contri-
butions. The calculations for the processes (b) and
(©) include up to O(e,) terms [12]. In all processes
(2)—(c), quark masses are taken into account in the
relevant matrix elements.

It is well known that the processes (a)—(c) are fi-
nite in the lowest order. For the processes (1), mg
regulates the infra-red divergence. Inclusion of the
processes (2), for example, leads to both infra-red
(E; ~0,i=q,g) and collinear divergences (6; -0,
with 7 an 1nitial parton and j a light quark or gluon)
The removal of these divergences necessarily requires
a complete calculation to order ag , thus needing the
virtual corrections to the process (1). This we do not
have at hand. Instead, we have put a cut-off on the
transverse momentum, p{t, of the light quark and
gluon by requiring p 18 > pt and use pfit =5
GeV/casa reasonable value for all the processes (a)—

*1 For convenience we denote W* — aq’,qq by Wt ~qq’
throughout the paper.
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(c) reported here. This procedure removes all the di-
vergencies and the remaining contributions are genu-
ine hard collisions. The price that one has to pay for
such a procedure is that the theoretical cross sections
(a)—(c) become p{"* dependent. However, in a genu-
ine higher order calculation one expects, after the di-
vergencies have been properly regulated, that this de-
pendence would be mild. For example, it has been
shown [13] that for the process gq > QQq the qua-
dratic divergencies cancel, the logarithmic divergen-
cies can be absorbed in the incoming hadron wave
functions. In the remaining cross sectlons all propa-
gators are off-shell by at least ~mQ Likewise, final
state quadratic divergencies are guaranteed to cancel
and the remaining cross section should show a loga-
rithmic dependence on resolution parameters, for
example in €, §, a la Sterman—Weinberg [14]. These
logarithmic terms can be exponentiated in an analo-
gous way as has been done for the ptw calculations
in order a [12]. The point we are driving here is that
after incorporating any reasonable smoothing proce-
dure, the cross section below p£*! must not be a large
number for heavy flavour production processes
(a)—(c). Our choice here amounts to assuming

o(p, <p{Uty =0 for 2 - 3 processes, and neglecting
virtual corrections to 2 -> 2 processes. Thus our cal-
culations are subject to finite renormalization correc-
tions, which, however, we expect to be small.

Having stated our theoretical framework we pro-
ceed to define the various inputs that we have used
to arrive at the final expressions. We make use of the
EHLQ structure functions [15] with the QCD param-
eter A = 0.2 GeV and set the Q2 scale Q2 = p? + m};
for the heavy quark masses we use m_ =1.75 GeV/f:)?,
my, =5.1 GeV/c? and two values for the top quark
mass: m, =23, 40 GeV/c?. Since we shall be analys-
ing data on centrally produced muons and dimuons,
which by the trigger conditions have substantial p;,
the observed muon and dimuon cross sections are not
very sensitive on the precise values of m_ and my,. The
choice Q2 = pt + mé is motivated by a recent analysis
of the UAL1 jet data [16].

To incorporate the fragmentation of heavy quarks
we use the parametrization as given by Peterson et al.
[17], defined as
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z(1—2)? , 3)
[z(1 —2) = (1 — 2) —eqz)?

with z being the light-cone varable, z =

(& +p)H/E + p;)Q. We have used the analysis of
Bethke [18] for the extraction of €, from e*e~ data,
which gives €, = 0.05 leading to the average value (z,)
= 0,68, after correcting for the leading order QCD and
QED effects. The corresponding numbers for bottom
and top quark fragmentation parameters used in our
analysis are as follows

6 =0.015, <(z,)=0.77,

f@=

€, =0.0002, (z»=093. 4)

The value of €, 1s n agreement with e*e~ data and ¢,
is our extrapolation.

We have implemented all the known weak decays
of charm and bottom hadrons experimentally known
so far. The normalizations and shapes of all lepton
and hadron energy distributions have been checked
against the available data; the details of these compan-
sons are given in ref. [3]. For the top quark decays
we have used the V—A decay matrix elements, as ex-
pected in the standard model, and have assumed that
the dominant decays of the top quark are given by
the final states [19]:

Table 1
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t>bud, t—>bcs, t-=>bl'v, R=e,u,7). (5)

The complete cascade t = b = ¢ > s 15 developed, us-
ing the b and ¢ decays as discussed earlier.

Finally, in comparing with the UA1 data we have
put in all the acceptance corrections in vogue. We
emphasize that the complete development of the hard
scattering process 1n terms of observed hadrons, lep-
tons and photons is implemented in the form of an
event generator. The calculations reported here are
part of a QCD based multi-purpose Monte Carlo pro-
gram for proton—antiproton (proton) collisions at
high energies, called EUROJET [20].

In table 1 we present the inclusive heavy quark
cross sections for the QCD processes (a) and for the
exclusive final states involving at least one heavy
quark from W* and Z9 production processes (b) and
(c). The cross sections presented are the sum of the
leading order 2 = 2 and 2 — 3 processes discussed
earlier. In the case of charm quark production from
QCD processes we have put an additional cut on /5,
namely v/5 > 10 GeV for 2 - 2 and \/§ > 15 GeV for
2 = 3. This, however has no effect on the inclusive
muon cross sections. Removing the cut increases the
inclusive charm cross section to ~180 ub. Particular-
ly interesting for the ratio R (x£/+—) 1s the inclusive
bottom cross section at v/s = 630 GeV, which we es-

The heavy quark inclusive cross sections in the processes pp ~ QX (Q = ¢, b, t) from the QCD and weak production (W%, 29
summed over the leading and next to leading orders in «g at \/s = 630 GeV. For 2 —~ 3 processes we have used a cut-offp cut -
5 GeV/c. In addition, QCD contributions are calculated with f > 10, 15 GeV for 2 — 2 and 2 -» 3 processes, respectxvely

QCD processes

Weak process

Cross section (nb)

o 120000

bb 19000

tt (m, =23 GeV/c?) 52

tt (m, =40 GeV/c?) 22
WE - cs 1.7
W~ tb (my =23 GeV/c?) 15
Wi = tb (my =40 GeV/c?) 1.1
AR 0.42
AR 0.52
20— tt (my =23 GeV/c?) 0.31
20 - tt (my = 40 GeV/c?) 0.086
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timate to be O(20 ub). Even for large p? and central
production we find that the bottom quark cross sec-
tion is very sizeable at CERN SppS collider energies.
For example, for Ip?l > 5 GeV/cand 1P| <2.0 we
find o(pp = bX) ~ 2 ub. In comparison, the inclusive
top cross section is rather modest, we estimate

o(pp ~ tX) ~ 3.6 nb for m; =40 GeV/c, the larger
fraction of which is due to QCD production process

(a).

3. The ratio R(*%/+—). The inclusive muon, dimu-
on and trimuon cross sections from the processes
(a)—(c) at v/s = 630 GeV are given in table 2. The
cross sections for the three final states involving mu-
ons are calculated for dafferent triggers, with the spe-
afic choice in each case motivated by the UA1 analy-
s1s. We note that the inclusive muon cross section is
almost equally contributed to by the charm and bot-
tom quark. The dimuon cross section is dominated
by the bb contribution, which constitutes >75% of
the inclusive dimuon cross section, for example for
m, > 40 GeV/c?. The dimuon ratio R (£/+—) de-
pends on the relative contribution of the cC state

Table 2
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Table 3 _

Estimates of the ratio R (++/+—) in the process pp ~ u*u*X,
ptu=X with the dimuon cuts stated in table 2 assuming 15%
cc contribution to the dimuon cross section [1].

my (GeV/c?) Xs P R (x£/+-)
23 0 0.16 023
40 0 0.16 0.20
40 0.5 0.16 0.35
40 05 0.20 0.38

(which gives rise to u*u—X events only) and the tt
cross sections (which give intrinsically large values for
the ratio R (z+/+—)). The contribution of the top
quark to the cross section, however, is bounded from
above due to the experimental lower bound on m,
[21]. For the two choices m; =23 GeV/c? and m; =
40 GeV/c2, the results are given 1n table 3. We see
that the data on R (¥/+—) prefers a lower value of
m,! The error due to the charm quark contribution
is a result of non-trivial input parameters, m_, €,
D*/D ratio, m, and the experimental errors on the

Inclusive muon, dimuon and trimuon cross sections from the processes (a)—(c) calculated at f =630 GeV, with the following

acceptance cuts.
(i) Inclusive — u*. p¥ > 3.0 GeV/c, In# < 1.5,

(1) Inclusive — p¥p* utu— p’{‘l’ M2 5 3.0GeV/e, Ink1] < 1.3, nM2| < 2.0 and MHE > 6 GeV/c?,

(iii) Inclusive — 3u: pf > 3 0 GeV/e, In#i) < 2.0,i=1,2,3.

QCD processes Weak processes

Cross sections (pb)

o(utX) o(utu—X") outurX') o(3uX")

cc 160000 1300 - -

bb 180000 3600 850 89

tt (my =23 GeV/c?) 6100 660 310 78

tt (mg = 40 GeV/c?) 390 60 33 12
WE —cs 84 - - -
WE = tb (my =23 GeV/c?) 340 26 27 5.6
W* = tb (my = 40 GeV/c?) 270 24 21 4.6
2%~ cc 22 1.5 - -
Z% - bb 57 44 3.1 0.71
Z0 - tt (my =23 GeV/c?) 47 5.6 39 12
Z% - tt (my =40 GeV/c?) 15 22 12 0.38
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semileptonic branching ratios. Taking all the errors
into account we estimate

R(*/+-)=0.24+0.05 . ©)
This number is to be compared with the UAI result

[1]
R(£%/+—-)=0.42 + 0.07 £ 0.03 . (7

When we add the statistical and systematical errors
in guadrature we find that (7) is typically a factor
~1.8(2.4 0) too large.

Apart from the dimuon ratio R (£t/+-) the inclu-
sive muon and dimuon cross sections as well as var-
ous other distributions in pf’, the invariant dimuon
mass MKE, pl¥ | the azimuthal angle distribution
AgH# of the UA1 data are well explained by the

102 T T

E T T T T 1
E EUROJET MC inclusve muon spectra J
C T/ my=23 GeV/cz ]
L -=— my=b0 GeV/c? 8
F ~ — QLD bbect .
QD T
10 o 1p UA1 data 3
£ ® 24 UA1 data 3
- B
T e
2 F
(L) -
3 F
2 -
16-— [
o
S 0
A E
1072
1072 I
4} 2 4 [ 8 10 12 14 16

g 1Gev/e)

Fig. 1. The distribution dcr/dpt'l (nb/GeV/c) for the inclusive
muon, dimuon and trimuon final states from heavy flavour
production processes (a)—(c), at the CERN SppS collider at
\/s = 630 GeV. The data points are from UAL1 [1]. The dis-
tributions satisfy the following acceptance cuts: (1) inclusive
— ut. pf“ = 30GeV/e, Ink| <15, 1) inclusive — ptut,
= pf1 2 > 3.0 GeV/e, In#11 < 1.3, 1n#2) < 2.0 and

Mui > 6 GeV/c? (so-called non-solated dimuons only),

(1i1) inclusive — 3u: pf4i > 3.0 GeVie, In*) < 2.0,1=1,2,3.
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QCD calculations presented here. Leaving detailed
comparisons of other distributions to ref. [3], we
show in fig. 1 the p}* distributions for the processes

pp > (i, 2u, 3u) X and compare them with the avail-
able data. We note that the overall normalizations
and shapes are reasonably well reproduced, confirm-
ing that heavy flavour production at collider energies
is under the quantitative control of perturbative QCD.
As we have noted earlier, the dimuon final state is
dominated by the bb contribution and, very proba-
bly, the resolution of the discrepancy between the
estimates (6) and the measurements (7) has to be
sought in the bottom sector. We discuss this point in
the next section.

4. BO—BY oscillations and bounds on |V, ;| and
| V44l The scenario and detailed calculations of
BO—BY oscillations are well documented in the liter-
ature [22,19]. We recall that there are two neutral bot-
tom mesons BY (= bd) and BY (= bs) Wh.lCh are mixed
with their charge conjugates B0 and Bs , respectively.
The implication of such nnxmgs 1n the present context
is obvious. The ratio R (¥%/+—) would be enhanced
thus bringing theoretical estimates and the UA1 data
closer to each other. To quantify this agreement we
define the mixing probabilities 74 and 7, (0.0 <rg
< 1.0) by the well.known ratio [23]

I'(By > 2°X)

ST s 4ThS ®
which can be expressed in terms of the normalized

mass and width differences x_, and y, (x
(AM[T)g, yq = (AI'/2F), T =(T'y + ' )/2)

2

-1 €)
bl p) 2 xq>1 -
2+xq—yq 2+xq

2 2
xgtyg _x

rq=

The second relation follows from theoretlcal calcula-
tions which predict yczl/x <1 for both BY —Bd and
BO—B0 mixing [22,19]. In the analysis of experimen-
tal data it is often useful to define a related quantity,
Xq»

(B, ~ Q*X) Tq
Xq = [‘(B - Q% x) 1+r (10)

The quantity used by the experimental groups at
CESR and DORIS Yy, is simply expressed as
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 NBIBD+NBIBY)  xg
N(BIBY) 1-xq4°

(11)

d

and the ratio R (¥£/+—), for measurements in the
continuum experiments, for example at PEP, PETRA
and the CERN collider, is given by

e XU =% 2
R(£t/+-) TR e To% (12)

where x is the weighted average of x4 and x; defined
above

x = [(BR)4Pqxq * (BR);P x;]/(BR) . (13)

Py (P) is the probabulity that a b quark will end up
in a BY (B?) meson; (BR)4 {)(BR ;] is the semilepton-
ic branching ratio for the By (By) meson and (BR) 1s
the average semileptonic branching ratio for the bot-
tom hadrons. There are good theoretical reasons to
assume that the semileptonic branching ratios and the
lifetime of the bottom hadrons By, B, BY, AJ are
very similar [24]. This simplifies the expression (13)

X =Pgxq +PsXs . (14)

The quantities Py and P  have to be determined from
experiments. As a first approximation we assume that
P4 (P is given by the probability of exciting a dd(ss)
pair from the vacuum, at a given energy. This would
suggest Py ~ 0.35—0.40 and P~ 0.15-0.20, expected
from measurements in e*e~ and hadronic collisions.
The intrinsic mixing parameters X4 and x, need evalu-
ation of the mass difference ratios x4 and x,. It is gen-
erally expected that due to the large bottom quark
mass, my, ~ 5 GeV/c?, the quantities x4 and x, are
dominated by the short-distance piece. Thus, x4, x,
can be calculated by the box diagram contribution,

giving

X4 =\

Gif2 m
(AM) = jiM M%,%Fd(mb,mt,)\),
d

r 6m2Ty
GEfE mp
xg = (éﬁ’[__) = _F/Bs " Bs MEBF(my,, my, \),
r 6m2l (15)

where fp , (fB,) is the Bg (Bg) pseudoscalar meson
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coupling constant and K is the so-called bag constant,
expected to be close to 1 for bottom hadrons. The
functions Fy ((my,, m,, \) depend on quark masses
and the CKM matrix elements, and are dominated by
the top quark contribution.

Fy(my,my, )~ Uglhgl?

To a very good approximation the quark mass func-
tions U, can be expressed as [25] (see also ref. [22])

U, ~ m?[M%nB + O(mdm}) a7

where 1B 15 a QCD correction factor estimated to lie
in the range 0.81 < 1B < 0.86 for 25 <m, <60
GeV/c? and 0.1 < Ayg < 0.2 GeV. The CKM fac-
tors A4 ts are given by

Nal = Vi Vials gl = IV Vgl - (18)

Our approach is to determine x from the UA1 data
on R(*£/+-) and use the upper bound on x4 from
ARGUS to set a lower limit on X (equivalently r).
These bounds will in turn be used to set correspond-
ing bounds on the CKM matrix angles |V, 4] and
[Vl as functions of m,. The values that we have
used for the various constants appearing in (15) are
as follows

Ty =T =hftrg) = (5.937486) X 1013 Gev,

Bfg, =0.11GeV)?, BfF =(0.15 GeV)2, (19)

where we have used the present world average of

the bottom lifetime [26] 7 =(1.11 £ 0.14) X

10~12 s and the recent calculations of the coupling
constants in the QCD sum rule approach [24], which
generally is found to be in reasonable agreement with
data. To get an idea of the values for x4 and x in

the standard model, a good estimate is

my )2 CBf]23d >\td 2
40 GeV/c2/ (110 MeV)?2 ( A3

Xgq = 0.05 (

2
xg=1.75 ( ™ )2 %st (—7\—“-)2 , (20)
40 GeV/c2/ (150 MeV)2 \ A2

where we have used the expectations in the
Wolfenstein parametrization of the CKM matrix,
which gives [27]
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Mg SA3, A~ A (1)

with A =sin 8, ~ 0.23. Thus the expectations in the
standard model are

Xg 1072, 025<x,<05, (22)

giving x < 0.10.

In table 3 we list the expectations for the dimuon
ratio R (x£/+—) for m, = 23 GeV/c2 and m, = 40
GeV/c2, P, = 0.16 and P, = 0.20. For P = 0.20,
= 0.5 and m, = 40 GeV/c?, we expect R(t+/+—) =
0.38, which 1s in good agreement with the UA1 mea-
surements. Since the hypothesis of BO—B 0 mixing
provides a plausible explanation for R (+/+—), one
could extract x from the UA1 data, getting

x> 0.043, (1.640),

x>0.025 (20). (23)

These numbers are to be compared with the limits
from ete™ experiments

from ARGUS [8], x4 <0.11 (90% CL) (24a)

from MARK 1I [7], x<0.12 (90%CL). (24b)

Apart from the ARGUS himit, which gives ry < 0.12,
both the UA1 and MARK II limits can be transcribed
in terms of 74 and #¢ only if one assumes Py and P,
as is obvious from eq. (14). Using P4 = 0.4, the
ARGUS limit alone would give for the UA1 data

x <0044 (90%CL). (25)

Comparing (23) and (25) it is easy to see that the
data alone are themselves not enough to set a 90%
CL lower bound on ¥,. At 68% CL, however, one gets

Pyx;>0.03 (68%CL), (26)

which for P = 0.20 gives ;> 0.18. The lower
bounds from the UA1 data on ry and r are shown
in fig. 2 (curve f), where we also show the corre-
sponding upper bounds from e*e— experiments
(curves a—d) and expectations in the standard mod-
el (curve e).

In the standard model, however, one could get a
20 lower bound on ¥ (or ) from the UA1 mea-
surements. This can be obtained by neglecting x4,
which 1s expected to be O (10~2) n the standard
model (eq. (22)). The resulting lower bound on x
(eq. (23)) now gives
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Fig. 2. Upper limits on the Bg—Bg mixing probability, ry,
and the Bg -Bg mixing probability, 7, from ete™ exper-
ments (curves a—d), the standard model prediction (curve ¢)
and the lower limits on 74 and 7 from the UA1l dimuon ra-
tio R (£+/+-) (curve f). (a)—(¢) MARK II mats [29], (a)

Py =035,P3=0.10,(b) P3=0375,P;=0135,(c) Py =040,
Py =0.20, (d) ARGUS himits from 7 (4s) —~ BB [8], (e) stan-
dard model estimates [19], (f) UAI limts with Py = 0.4, P
=02 [1]

Pyx,>0.025 (20), (ex))

which for P = 0.20 results in 7y > 0.14 (20). In
fig. 3 we plot the bounds on the CKM matrix ele-
ments | V,q|M3X and | V;([M1" as functions of my,
from the limits on r4 and 7 as explained above,

for ARGUS, ry <0.12 (90%CL) (282)

for UAland SM, 7,>0.14 (20) . (28b)

The shaded area reflects the uncertainty due to

the bottom lifetime measurements. To have a nu-
merical feeling, we quote the bounds taking m, = 40
GeV/c?,

|Vial <0042, [V |>0.030. 29)

We emphasize that the UA1 lower bound on 7, makes
it mandatory that the top quark exists, and within
the standard model 1t provides the first direct evi-
dence that the matnx element |V, | # 0. It 1s inter-
esting to ask the question whether the bounds on

[ Viq| and | V| obtained from 74 and 7, as shown in
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Fig. 3. Upper bounds on the CKM matrix element | Vigl
and the lower bond on | V5| from the limits rq < 0.12
(ARGUS) and r; > 0.14 (UA1) as a function of the top
mass, my. The bands for | Vyq/™3% and | VysIMin correspond
to the 1o allowed values of the bottom lifetime, 75 = (1.11
+ 0 14) X 10712 5, The (m independent) unitarity bounds
on (| Veql? + | Vigl?)!’? 1n the standard three family model
are also shown.

fig. 3 are consistent with the expectations in the stan-
dard model. To that end we remark in the standard
three-family model, one has the unitarity relation

Ve + Vsl = 1Vl + 1Vl (30)

Since g essentially determines |Vl =0.05 (+0.01 /
—0.006) [19] and |V}, | is bounded by R <0.12
[28], giving | V3, <0.015 [22,29], one has the
unitarity bound (independent of m;)

0.044 <(IV,ql2 + V51212 <0.062, (31)

which is also shown in fig. 3. We remark that the
bounds from BO—B0 mixings (28) and the unitarity
bounds (31) are compatible with each other for a
rather large range of values of m,. A possible conflict
between a substantially higher value of r, a smaller
value of m, and the unitary bounds (31) though,
cannot be excluded. Such a scenario would be a pos-
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itive indication for new physics beyond the standard
model. It is, therefore, extremely interesting to im-
prove present measurements of 74, rg and m,.

In conclusion, we have reported a calculation of
the inclusive muon and dimuon data measured by
the UA1 collaboration in the context of perturbative
QCD. The data are well explained in inclusive rates
and in a large number of distributions. The dimuon
ratio R (++/+—), however, is a factor 1.8 too large in
the data. The hypothesis of substantial B(s) —Eg mix-
ing explains quantitatively the measured ratio. The
world data are found to be consistent with each oth-
er in terms of bounds on the mixing probabilities 74
and rg, all of them are consistent with the standard
model. At 20 we determine r > 0.14. This gives a
lower bound in the standard model on the matrix
element | V|, which for m, = 40 GeV/c2 1s found
to be greater than 0.030.

We would like to express our thanks to our col-
leagues at CERN and DESY for numerous discus-
sions, in particular, K. Eggert, N. Ellis, M. Della Negra
and C. Rubbia. One of us (BvE) wouid like to thank
the theoretical physics group at DESY for 1ts hos-
pitality. All of us are grateful to the theoretical phys-
ics division at CERN for its generous support, where
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