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We have calculated the emissoin rate of ¢t— Wbqq through virtual gluon exchange in massive-top-
quark decay. The two different kinds of methods lead to the same interesting result: the branching ratio
is lowered an order of 2 more than that of the t — Wbg channel. It will be possible for future experi-

ments to test this QCD effect.

PACS number(s): 14.80.Dq, 12.15.Ji, 12.38.Bx, 13.20.Jf

Considering that the top quark is one of the most im-
portant missing links of the standard model (SM), the
search for it and the exploration of its properties have
been a most important task at hadron colliders.

This paper is organized as follows. We first calculate
the partial width for ¢ — Whqg, which is about 107> of
the t— Wb decay width in the framework of the SMf
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Then we compare the t— Wbqq partial width with the
t — Whg partial width [1,2].

In Figs. 1(a) and 1(b), we give the Feynman diagrams
relevant to the process t — Wbqg.

First, we recall the t— Wb partial width [3] (“bare
width”’) which is given by the diagram shown in Fig. 1(c):
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We use |V,,|2=1, and A(x,y,z)=(x2—yp?—2z?)>—4y?z?. The first two Feynman diagrams of Fig. 1 lead to the matrix
element
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where we choose the axial gauge and the ghost fields
disappear. w;=(1%ys5)/2 and k=p, +p;. The space-
like Lorentz vector n satisfies fi-fi=—1; we choose
=(0,0,0,1) during our calculations. When k? goes to
zero, we will meet on infrared divergence; we will come

to this question later. For simplification in the comput-

ing, we also assume that the g and g, which are produced
by virtual gluon, are massless.

The differential decay rate for t— Wbqq is expressed
formally by
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]
We use a commonly used technique to obtain the

differential width: we average over the initial spin states
and we sum over final spin states and quark colors. The
tedious calculations are done by the computers, but the
expression is too long to be shown here.

Because of the “size” of Eq. (3), the total width is im-
possible to be obtained analytically; we performed the in-
tegrations numerically. From now on, we use a,=0.1,
my =80 GeV, m, =4.7 GeV. Certainly, when we let k2
go to zero, we will meet the infrared divergence which
would cancel the infrared divergence coming from the
other set of Feynman diagrams of a complete radiative
correction calculation. We choose (k?),,,=25 GeV?
which seems reasonable for perturbative QCD and also

b
t
FIG. 1. Tree-level diagrams
(a) and (b) relevant to the pro-
W cess t — Whqg. (c) for t— Whb.
(c)
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FIG. 2. T'(t—Wbqq)/T(t— Wb) vs m, for different two
values of (k2),. Dashed line, (k?),;,=9 GeV2 Solid line,
(kY)min=25 GeV?2,

practical from an experimental point of view. The energy
of g or § coming from the virtual gluon is several GeV,
and it will not be difficult to observe quark jets. For com-
pleteness, we choose different values of (k2),;, to repeat
calculations; the results remain small as we will see
below.

To obtain the partial width, we performed the Monte
Carlo numerical integration. The independent integral
variables were chosen according to Ref. [4]. We plot in
Fig. 2 the ratio I'(+ — Wbqq ) /T'(t — Wb) as a function of
m, for (k?),;,=25 GeV?, 9 GeV2 It increases with m,
and approaches 1.6X107% for m,~200 GeV.
(k?)min=25 GeV2 Figure 2 in Ref. [2] also displays a
similar kind of behavior. It is believed that the perturba-
tive QCD radiative processes ¢t — Wbg and t — Whqg will
suppress the formation of nonperturbatively mesonic (¢g)
and baryonic (tzgq) bound states when the mass of the ¢
quark increases.
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Employing the spinor technique [5], we also calculate
the partial width of the same process t — Wbqqg. The spi-
nor technique evaluates M instead of |M|? and is especial-
ly useful when both the number of the external lines and
the number of diagrams involved become large. Choos-
ing the same energy cut (k2),,, the partial width we ob-
tained this way is exactly the same as the results obtained
by using the commonly used technique, as shown in Fig.
2. This means the partial width we derived is reliable.

We have seen that the emission of gg in the decay
t— Wbqq increases the width of the ¢ quark by about
1073 of the “bare width,” while the hard-gluon brems-
strahlung corrections to I'(#— Wbd) can reach the range
of 107!, The QCD gluonic corrections are well under
control. The two processes are so different that it can be
an important subject of the ¢ quark. The final state of
t — Wbqq consists of three quark jets plus a lepton pair or
two other jets from the W decay. The final state of
t — Wbg consists of two quark jets plus a lepton pair or
two other jets from the W decay. So, we can distinguish
the former from the latter by the number of jets coming
from the hadronization process of quarks. From the
above perturbative QCD discussion, the ratio of
I'(t— Wbqq ) /T (t — Wbg) is rather small, in the range of
1%, which can be tested by the experiments at the Super-
conducting Super Collider (SSC), where one expects to be
able to reconstruct about 10® top-quark decays per year.
The experimental data will thus probe our knowledge of
QCD and the complex hadronization process of quarks.

We conclude that the QCD correction calculated here
can be interesting and should be included in considering
new phenomena linked with a heavy top quark in the
standard model (SM).
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