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Summary.—We discuss the BY — utu~ decay channel, which
is sensitive to deviations from the standard model. We also
consider the B? mixing infaormation that could be obtained from
these decays in the framework of the standard model. Finally,
we comment on the experimental difficulties of observing the

B? — u*u~ channel.

PACS13.20.-v -Leptonic and semileptonic decays of mesons.

PACS13.20.Jf — Other meson decays.

1. — Introduction

To illustrate the usefulness of large BB data samples, we briefly dis-
cuss problems related to the measurement of rare B-decays, specifically,
the BY — 11/~ channels where | = 7, u,e. These decays are expected to
have small branching ratios (see below), but to be sensitive to deviations
from the standard model. Moreover, these measurements could give ad-
ditional information about BY mixing that could complete our knowledge
of the mixing observed for the B} case with the ete™ — T(45) — BIB)

experiments [1].
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Let us recall that in the standard model the B? mixing parameter
[2,3] z, is expected to be much larger than z4, the BY case (z,/z4 ~ 14).

Although the measurement of r,,
(1) re = [N(BS = B)]/IN(Bs = BY)] = [a5/(2+37)]

appears to be possible {4] (IV is the number of events), the extraction of the
r, value becomes difficult if z, is large [5]. The distribution of the time-
dependent rate could, in principle, also allow the z, value to be obtained
[2] if the detector can measure the time-dependence with good precision
[4]). Because this measurement will be difficult, an indirect estimate of z,
via branching ratio measurements might be very helpful (see below). In
any case, the comparison of z, measurements using different methods will

be a further test of the standard model.

2. — The B? — It~ decay

These decays (I = 7,p,e) have been investigated theoretically [6-9].
Estimates of the branching ratios [8] are given in Table I for a top quark
mass, my = 150 GeV (here my, is the mass of the k-type quark or particle).
The B? — 777~ decay has the largest branching ratio, but will not be
easily detected (the momentum of the 7 must be measured in order to
know if they are coming from the same B? meson). It may eventually be
possible to detect the BY — utu~ decay in experiments where very large
statistics could be obtained. For this decay the theoretical expression for

the branching ratios [8,9] is:



(2) BR(B] —putu™) =

= (G} /2r) (o®/167%) £} mp ([VasVael’/Ts) mi IC(y)[* -

Here GF is the Fermi coupling constant and « is the fine structure con-
stant. The fp (usually assumed to be ~ 0.2 GeV) is the BY decay constant
and T, is the BY decay width. The Vjx are the CKM matrix elements and

C(y) is a function of
y = fmg/m%V ’

given in [8]. Figure 1 shows the dependence of BR(B? — 111 as a function
of the top quark mass. We see that the branching ratio increases rapidly
with increasing m:. Notice also from (2) that the B — p*p~ branching
ratio will be much smaller than that expected in the BY. Their ratio
should be of the order of |V;4/Vis|? ~ 0.06.

Equation (2) contains several quantities that also appear in the pa-

rameter z, describing the B? mixing [10]:

8) =z, = AM/T, =
= (G%/?W) Bp f% mp (IthVt3|2 /Ps) m% |F(y)|2 n.

Notice that Bp is the bag parameter (~ 1) corresponding to the B? meson,
while the QCD correction factor is 5 ~ 0.85 [11]. In this equation, the
mass of the top quark is not neglected with respect to the W mass. Then
in the standard model, z, will depend on m; via the m; x F(y) factor

where [10]

4 F(y) = 1/9) (1+{(B-9%)/(y -1 +[6y In(y)]/(y—1)*}) .



Figure 1 also presents the m; dependence of z,. It is much weaker than

the m; dependence of the branching ratio. Using (2) and (3), we obtain

(3) BR(B; —utu") =
= z, [(303/167) x (m2/Bp 1) x {[CW)* / [m} F(u)]}] -

Using this approach, z, can be obtained by measuring the branching ratio.
Moreover, an increase of z, increases the branching ratio and facilitates
its measurement. This contrasts with ry and the time-dependence rate

measurements discussed above. Note that so far only upper limits on

BR(B? — p% ™) have been measured [16] (3.2 x 107%).

By using (4) with known values of m; and Bp, we obtain the value
of ry = 22/(2 + 22), where the error on r, will be small if z, is large. For
instance, with 100 B?, BY — u*u~ events, we find Ar,/r, < 4 10~3 for
zs > 10. Thus the comparison of the r, values obtained from (1) and (4)

could verify the standard model, and eventually may be used to obtain z,.

3. — Experimental comments

In the case that BR(B? — utu~) ~ 10~° (Table I), this decay chan-
nel could not be studied with e*e™ colliders [4,12]. For pp interactions
with the LHC (c.m. energy of /s = 16 TeV) or SSC (/s = 40 TeV) col-
liders, the production of events with B mesons is much larger [12,13]. Ta-
ble II indicates the number of bbX events (X meaning anything) expected
in one year (107s) of running with a luminosity of L = 1032 cm™2 s

This is the luminosity usually proposed for studying B-physics, in order



to decrease multiple interactions per bunch crossing [13]. Since tagging is
not needed for the measurement of the discussed branching ratio, we envi-
sion a larger luminosity. For instance, with L = 1033 cm~2 s~!, we obtain
at the SSC (LHC) ~ 1.4 x 10® (~ 6 x 10?) B?, BY — utu~ events in one
year of running (corresponding, however, to a number of interactions per
second of Nin/s ~ 108).

Let us roughly discuss the properties of a p-detector necessary to ob-
tain a signal-to-background ratio of S/B~ 1. Due to the large multiplic-
ity in pp interactions, we expect a large background in the data sample
used to study the B — utu~ channel. The background can initially be
decreased with kinematical cuts by using only tracks (charged particles)
with large momentum (p > 5 GeV/c) and transverse momentum (pr > 1
GeV/c). The momentum cut will decrease the contribution of x’s due to
the = and K decays. The number of charged particles pairs having an ef-
fective mass corresponding to B? will be reduced by the pr cut [12]. At
/8 = 40 TeV (and using tracks with pr > 1 GeV/c), we show in Fig. 2
the efficiency (e) for detecting the B! — u*u~ channel as a function of
the maximum value of 6 due to the size of the chosen detector. Here 6
is the emission angle of the charged tracks with respect to the beam line.
A minimum value of 6 > 1° is used in the Monte Carlo calculation [14]
because of the beam-pipe cut. Figure 2 also indicates the influence of the
p limits (p > 0,5,10,20 GeV/c).

As an example, we present in Table III the ¢, S/B, and number of
BY — putu~ events expected in one year of running, using kinemati-

cal cuts. These values were obtained with a Monte Carlo calculation at



/3 = 40 TeV. We assume that the B = bq production rate is taken to be
0.15 with respect to all particles containing a b quark. We also consider
that the B} — u*u~ can be detected after a decay length correspond-
ing to the average B? lifetime. From Table III we see that a background
rejection factor of at least ~ 10® is needed to achieve a workable signal-to-
noise (S/B~ 1). Here, only background due to BB events is considered.
Thus the detector must have p identification and B? vertex reconstruc-
tion adequate to obtain this level of background rejection [15]. In any
case, detailed investigations have to be done to evaluate the possibility
of measuring the BY — utu~. We must also take into account other
sources of background, for instance, Drell-Yan p pair production, as well

as B — puX,ntr~ decays and non- BB events.

4, — Conclusions

We have discussed the B — utu~ channel, which is sensitive to
deviations from the standard model. In addition, information about B?
mixing was obtained in the framework of the standard model. Using
this approach, large values of the z, mixing parameter were measured.
We also discussed the difficulties of measuring the B9 — utu~ having
theoretical predictions of ~ 10~° for its branching ratio. Clearly, detailed
investigations of the various backgrounds have to be made to evaluate the

possibility of identifying B — utu~ events

It is a pleasure to thank A. Ali, L. Dixon and M. Peskin for useful

discussions.
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TABLE 1. Estimates of BY — It1~ branch-
ing ratios; my = 150 GeV, fg = 200 MeV
[8]. The B meson decay constant is fp.

rtr- 1.8 x 107
ptp 8.3 x 1071
r r

ete 2.0 x 1014




TABLE II. Comparison of the total (o7) and bbX
[o(bd)] cross section of the LHC and SSC colliders at
a luminosity L of 1032 cm™=2 s™! [12,13]. The number
of bbX interactions per year (N(bb)/107 s) and the

interactions per second (Nint/3) are also given.

LHC (16 TeV) SSC (40 TeV)
oT ~ 110 mb ~ 120 mb

o (bd) ~ 200 ub ~ 500 ub
o(bb)/oT 1/550 1/240
N(bb)/107s 2 x 101 5 x 101!
Nint/s 1.1 x 107 1.2 x 107
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TABLE III. Kinematical cuts for detecting the BY — utu~ decay,
estimated by using a Monte Carlo calculation [14] at the SSC center-
of-mass energy. Given are the fraction of the events passing the kine-
matical cuts, €, and the corresponding signal-to-background ratio, S/B.
The cuts are the u momentum (p), its transverse momentum pp > 1.5
GeV/e, and 1° < § < 20°. Here, N(uu) is the number of BY — ptpu~

events passing the cuts in one year of running at L = 1033 cm~2s71,

p2> 5 GeV/c 10 GeV/c 20 GeV/c
€ 0.27 0.24 0.15

S/B ~5x107° ~5x107° ~5x107°
N(up) 150 133 84
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FIGURE CAPTIONS

Fig. 1. — The BY — ITI~ branching ratio and the z, mixing parameter as

a function of my, the top quark mass.

Fig. 2. — The efficiency ¢ of detecting the BY — utu~ events as a function
of the maximum 6 value at /s = 40 TeV. Here 6 is the p emission angle
with respect to the beam line. The curves are given with g having pr > 1

GeV/c and various p limits.
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