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We give a formula for the distribution of the total energy of hadrons from a semileptonic-
decays of a heavy quark. The effects of W-propagator, a non-zero mass of the quark in the
final state, and O(zg) QCD correction are incorporated.
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1. Introduction

In recent papers [1, 2, 3] we have studied total rates and energy distributions of leptons.
in semileptonic decays of quarks. Those calculations where performed in the framework
of the QCD improved parton model up to the first order in a,. It is well known that the
lepton spectra in semileptonic decays are free from QCD infrared divergences. In the
present paper we calculate the distribution of the total energy of hadrens E,, another
quantity free from infrared divergences. Infrared finiteness of this distribution follows from.
energy conservation and infrared finiteness of the energy distribution for the virtual W.

In contrast to the case of lepton spectra the kinematic boundaries are different for
the final states with and without hard gluons. Thus, studying energy distribution of hadrons.
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or, equivalently, of the virtual W, one can obtain non-trivial information on the masses
of the quarks involved as well as on «,.

- The top quark has not bzen discovered yet. However there are some indirect indi-
cations that its mass m, should be bztween 50 and 200 GeV. Thus, the effects of the W propa-
gator are of crucial importance in the case of the top quark decay. In particular, if m, is
large enough, production of real W dominates and in Born approximation the decay
becomes quasi two-body. In this case the shape of the E, distribution reflects the shape
of the W and QCD corrections modify the corresponding Breit-Wigner distribution.

The formulae which we present describe decays of free quarks. In order to compare
. them with the experiment one has to include bound state effects, for example the Fermi
motion, see e.g. [4, 5, 1].

2. Formulae

Our notation is described in [3]. We define aiso

Xp = —. )

In the Born approximation the energy distribution of hadrons is given by the following
formula:

ar®  Gim}  ps >
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where
V= y(xy, 2) = 1+2z-2x,
u(x, z) = x(4x~3)—z(3x-2)
and 7 = Xy, 62), # = u(xy, €2)*.
For the first order QCD correction we find:
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For ¢ < x < (1+8%)2
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* Quite generally “barred” quantities are evaluated for z = ¢2, However, in the present paper xy, is kept
fixed.
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where
F, = 2[xAQ2Y, + T,)+ 6x%(2 — 3x) +£*(8x — 3— 36)]
F, = 3[x(5—8x)+ e (7x—4)]
Fy = 2/3[x(12x*—20x+9) + 116*(3x—2)]
h(x, 2) = Y (2)[2[22* +(3~12x ")z +4x(2x + 1) ~* 3 +&%)]
+p3(2) {827 +2(1 = 9x +%)z* + [3x(4x —3)
+eX(2—x+26%)]z+xe*(dx —~3—))}/227, ©)

whereas for (1+e3)2 < x < |

x2
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Gi(x) = j AZeniir? {h(x, z)+ e [p3(z) <1 + —z—> ‘2xYp(Z):|} . ©)
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We checked the absence of mass singularities (¢ = 0) for G. As another cross check we
compared the results for total semileptonic decay rates following from Eqgs. (3), (4) and
(6) with those given in [2]. We found that they are in perfect numerical agreement.

In the four fermion limit my — oo, i.e. &, y — 0, the integrals in Egs. (4), (6) can be
calculated analytically. For ¢ < x < (1+¢&2)/2

. - o _ 4 2_ 2 - -
g,(x) =Y, I:F1+2xﬁ <2Yw+ Y,~20n 83)] + 53[F, In e+ Fy+40 In 4(x* —9)]
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where
Fy = 4 [36x3(5—8x) — 662(10x* —28x +9) + 36*(20x — 19) + 5¢°]

F, = 3[x(5—8x)+&*(7x—4)]
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Fy = 155 [32x° —168x* +1170x> — 3720x* +2430x
—&7(14x* =36x% —4905x +3120) — 3e*(31x +256)], ®
and for (1 +¢&?)/2 < x < 1
G(x) = 185 (1—x) [32x°—136x* +1034x> — 2946x% + 1899x 4312
—156%(2x —6x2 = 267x +208) — 90e*(x + )]+ % e2x(x ~ 1) (3 —4x +&*)/(2x— 1)

+ 45 In (2% — i) [ 320x> —240x% 4-24x 4+ 5—3e*(8x + 1) — 36¢*x]
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+20<2p2 1 —— x| n2x-Dinl —m
u{ Ps n<53—1+x> x[n( =D <2x*1—82>

) <2x—‘1 C2x—1 1 1
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In the massless limit (¢ —» 0) we obtained for 0 < x <C 1/2:

G.(x) = x* {-9—% (16x* —84x> +585x% — 1860x + 1215)

+{8x—9)In 2x+2(dx~-3) [n; + Li, (1—2x)J}, (10)
and for 2 < x < 1:
%,(x) = 15 (1 —x) (32x° —136x* + 1034x> —2946x> + 1899x +312)
—5% In (2x— 1) (64x> —48x% —24x ~5)

+x%(3—4x) [ -7 +4Li, 2x)+In* 2x - 1)]. (11)

3. Results for the top quark decay

In Fig. 1 the normalized distribution of the total energy of hadrons is shown for
m, = 5 GeV and m, = 40, 60 and 80 GeV in the Born approximation. These distributions
vanish outside the kinematical boundaries & <7 x <C (1 +¢2)/2. The first order QCD correc-
tion
(1)
éi*‘ = % I,R(xy), (12)
axy 3
where I', denotes the total semileptonic width in the Born approximation is shown in Fig. 2
for the same three values of m,. In the region ¢ < x < (1+&2)/2 both real and virtual
gluons contribute and the combined correction to the differential rate is negative. In the
region (1+¢£2)/2 < x <1 only configurations with at least one real gluon are allowed



H

~

N
(=]

-
wn

w
-
N
Ay
b
(=]
4
[
®
<

-h
-]

GeV

(1]

N

sussetidid il bar i i bbb el i bd
1]
o (-]

[}
-
°©
arada g adagydap s dregale g lagralaaan

GeV

-

60 GeV

i
-
(1.4

i N 40 Gev

|

Q—Y‘Wr—rr*rﬂ'—‘r‘r‘r‘ﬂ’ﬁ'—?—‘r‘r“rﬂ_?—!
. 0.5

1
o- T —;*r"‘*ff‘rV'—-r—r-r-r V—TTTT'*"'?"’TT“r‘s -20
. 0.0 10

co 02 04 086

Fig. 1 Fig. 2
Fig. 1. Normalized distribution of the total energy of hadrons shown for m = 40, 60 and 80 GeV in the
Born approximation
Fig. 2. First order QCD correction R(xy) to the distribution of the total energy of hadrons
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Fig. 3. Distribution of the total energy of hadrons for my = 120 GeV in the region of the peak

and thus the correction to the width is positive there. The gluon cannot be soft unless
x is very close to (1+¢2)/2, where the correction has a logarithmic singularity.

If the top quark is so heavy that real W production is possible the shape of the hadron
energy distribution reflects the shape of the W boson. A few GeV above the threshold
real W production becomes the dominant decay mode. In Fig. 3 the distribution of the
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energy of hadrons is shown for m, = 120 GeV (solid line). The Born approximation (dashed
line) and O(x,) correction (dotted line) are also plotted. In the region below the peak the

correction is negative, above it is positive.
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