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Abstract

We investigate the semileptonic decays of heavy quarks in the leading
non-trivial order in Quantum Chromodynamics. Effects of gluon corrections
and the initial quark Fermi motion on the semileptonic rates and decay
distributions are calculated. The resulting lepton energy spectrum for the
charm semileptonic decay is compared with data to éxtract the mass of the
charm quark. This is combined with the semileptonic branching ratio to
predict the charm quark lifetime. We find the lepton energy spectrum very
stable with respect to gluon corrections. Expected spectra from the semi-
Teptonic decays of bottom and top quarks are presented. We also study the
‘semileptonic decay process G —» ¢ £ Yy + G, involving the emission
of a single hard non-collinear gluon. This process should be observable
with a branching ratio of a few percent in the decays of top (and heavier)

quarks.



I. Introduction

Recently, there have been two independént attempts [1,2] to 1nves£igate

the effects of gluon radiative corrections to the semileptonic decays of
heavy quarks (hadrons) in the context of Qﬁantum Chromodynamics, QCD. The
rationale of this approach rests on the QCD inspired hope that for sufficient-

ly heavy quarks, Q, the process
QU —> LY (1.1)

is expected to closely approximate the semileptonic decays of heavy hadrons
containing Q. One is then tempted to assume that the major corrections to

the quark-parton process(l.1)could be calculated in the leading order of O(S,
the (running) strong interaction coupling constant. That one gluon correc-
tions to the rate of(1,1)are free of infrared singu]afities {(in the limit
mq-=> o) follows from the Kinoshita theorem (3]. The infrared finiteness of
these corrections implies that r;h is calculable in QCD and it supports

the choice of the relevant o, as c{s(mé) £ez].

The radiative corrections to [g_ are also expected to be ultra-violet finite for
8 V-A Four-Fermi weak interaction on the basis of a comparison with M ~decay

[4]. In fact there is a one to one correspondence between the {M -decay

matrix element and) Feynman diagrams for the radiative QED corrections to

AL -decay and those for the charge + 2/3 heavy quarks in QCD.

This correspondence can be seen through Figs. 1 (a) or else from the

Lagrangians written in the charge retention form [1,2] if one substitutes [Fl]:

( M, e iie,; '2;¢ ) > ( R, Y, AET ;PLL,)

]



e ! Al
One can then calculate T;b and the quark energy distribution r —;4{5
sSL
from the existing literature on P -decay [4] by simply replacing: ¥
E
ol —> ._l_3 oLg v Z A{/\i = 4 o (1.2)
= >
g 2 T
-— F3
oS (3?:- Zﬂ_s:),ﬂ"n (M@//\z) (1.3)

where ng = number of effective flavours, MQ = mass of the heavy quark and
A\ is the renormalization point = 500 MeV . The 0(«g) corrections so

calculated decrease Vg  for the charm quark by ~ 35 % fl,Z].

Another gquantity which is also reliably calculable in QCD is the inclusive

|
lepton energy spectrum, o CiY‘ . Apart from being infrared finite,
4ar U "dex
T ;XEE. does not suffer from the fragmentation effects of the final

quark, which is the case for the inclusive hadron energy distribution

(- AU can only be got by folding the —— A gistribution with
M Aty TV aE

the non-perturbative g —>» h fragmentation). COf course, such a picture is

expected to work for sufficiently heavy quarks only, since only then is

one in the deep inelastic region, with the 4/ fragmenting into a jet

of hadrons. The quark parton process (1.1) (together with the gluonic

corrections) should be taken in a duality sense, averaging the effects

of multibody final hadronic states much the same way that the QCD corrected

) . ..+ - e
value of R gives the average hadronic x-section in e e annihilation ex-



periments. In this vein, the decay C —» SEPL is expected to be a
marginal case since the decays D —> K4Ye and ’D-;?KJ’E% apparently
saturate r;b . Even in this case we get a satisfactory description of
the lepton spectrum when non-perturbative effects are taken into account.
The method has clearly more merit for the heaﬁier bottom and top quarks,
where perturbative QCD would be the only effect of strong interactions on

the lepton energy spectrum.

The shape of the lepton energy spectrum depends on the masses mQ and m

and one éou]d extract them, in principle, from the observed lepton ecnergy

- spectrum. Since, {unlike the non Teptonic process Q- a{zf-ﬁ the semi-
leptonic process (1.1) does not have any short or long distance enhancement
effects in the operator product expansion sense [_'5], the information on the
(inclusive} Tepton energy spectrum and the semileptonic branching ratio can
be transcribed, using perturbative QCD,to get both the masses and lifetime
of heavy quarks [F2]. To the extent that the non-perturbative (confinement)
effects can be neglected, the lifetime of the heavy hadrons (Qg) should
simply be given by T q . A reliable comparison with the experimental data
to extract mQ and mq requires both the computation of ©O(s) corrections in
QC0 to -4‘-_,- dl » as well as the non-perturbative effects due to the

AEQ _
heavy quark motion inside the heavy hadron, i.e. the Fermi motion of Q.

Unfortunately, the counterpart of A P_Lf_ for (1.1) is the distribution
Aar ' T dEg

—_ for the M -decay, which has not been calculated for obvious

" dEVe 1_ 40
reasons!” A first attempt towards calculating —‘:_'— 35 to O(a(_c,) was made

in ref. (1). However, apart from an (unexplained) crude assumption we

disagree with the comparison made there with charm data. We present our



calculation for the distribution —?; Ei2; and find it is remarkably
£
stable against 0(¥5) glucen corrections. In particular, we do not find

the drastic softening effects in the lepton energy distribution due to
c)cis) corrections, as claimed in ref. (1}. The softening of the lepton
energy spectrum from charm semileptonic decays should then be attributed
mainly to non-perturbative effects. This is exemplified by assuming a
gausgian for the Q momentum distribution in the initial heavy hadron.

We find that the Fermi motion effect in _L f?%z is noticeable for charm
decay but it vanishes rapidly as mQ increases, in conformity with most
other confinement effects at higher energies. The lepton energy spectrum

- from the semileptonic decays of top {and heavier) quarks is thus an un-

ambiguous prediction of QCD,stable against infrared and confinement effects.

We apply our analysis to the observed electron spectrum measured around
YJ"(3.??) [6]. A reascnable )Lz—fit is obtained with the charm quark mass

in the range 1.8 GeV), M. 1.6 GeV and m. = 0.5 GeV. Assuming a charm
semileptonic branching ratio of 10 %, this leads to the charm quark (hédron)

lifetime estimate 3.78 x 10713

sec LT, 8.0 x 16713 sec in the GIM model
[7]. The O({ofs)corrected spectra for the bottom and top quark semileptonic

decays are also presented.

Next, we study the semileptonic decay process of a heavy quark invelving

the emission of a hard non-ccllinear gluon;

QA — gLy, +6C (1.4)

To that end we first define the lowest order semileptonic jet process

corresponding to {1.1), interpreting the final quark as a jet. (See Fig. 1lb).



This is done by including in it the (Déis) soft and collinear gluons
through cuts on the gluon energy, EG’ dnd the gluon-quark angie, 9‘3/6-'
Since, we have the complete ©({«s) corrected rate for the process (1.1},
we can obtain the rate for the process (1.4) by simply subtracting the
OCPG) jet rate corresponding to (1.1). In this way we are Jed to an
estimate of the branching ratio of a few percent for the process (1.4),

for reasonable cuts on f%y; and E;- We present angular distributions
L féll- and L .ﬁiﬁl

[ dGsBer I dcosbag
by non-perturbative effects, should help in the search for gluons in

» which though somewhat modified
the semileptonic decays of top {and heavier) quarks.

The paper is organized as follows. In section II, we describe our analysis
for the O(e) corrections to the process (1.1). The corrections to [y
can be calculated through the function g{r) and f(r) which are shown in
Fig. 2 (r = mq/mQ). The lepton energy spectrum is compared to-charm data
in Fig. {3) and predictions for the bottom and top quark induced lepton
energy spectra are presented in Figs. (4) and (5}, respectively. Fig. (6)
contains plots for acceptable ranges of m.s Mg and & P (charm quark
gaussian momentum width) with 7L2 of 10/7 d.f, or less. In section III,

we describe our analysis for the gluon emission process (1.4). The rate
for (1.4) for a given cut on GGVC and EG is a function of r and shown

in Fig. (2) for o0& r £0.5. Figs. (7) and (8) contain respectively the

e ' AR i AT
distributions = and —— —— for
e, 6 A CesBegp Tce,8) ACsBqg

the process (1.4). Section IV contains 2 brief summary of our results.



II. Lepton Energy Spectra and Semileptonic Rates

We begin by defining the square of the invariant matrix element for the
Oﬁds) corrected process (1.1). To be definite, we present the results
for the semileptonic decay of a heavy quark with electric charge + 2/3
into a lighter quark with electric charge - 1/3 and a lepton pair, Aﬁ+kh-
The O(ds) calculations are done by giving the gluon a small mass A.
The O(dé) corrected rate for the process(l.1}in our normalization can

be expressed as:

- 3 2 3
Al = (znj‘@emprgEv-)1 Aty £ dp,

X{sm_f’—&-f’) (MoI? 4+ Mi)
y (21 (2Ee )™ SCPQ- Py = Po- F P - Fe) IMal? }

(2.1)

2 2 . D
\MO\ . Ml and lMZ\ are respectively, the zeroth order, O(ols) contribution
from the virtual gluon correction to the zeroth order, and the single brems-

strahlung diagram contributions. These are listed below:

Mo 1% = 64 & (ty-k)[te ) 2.2)

2 2 B B B
= 512 G _Zﬂ_f_f_:‘v ___L ___:?._ 3 -
‘Mz} , F (' 3 )[ \sz + .D’DJ + 321] (2.3)
where | _.2
B, = (Pq/"f%)[o?ﬁﬁ-%)(%-%) + 2y B (B8,

- Rttt ]



= (f’fv-M[ 2 (b te)( Ve tor) -2 (b))
L k) + AU (bt - et 2 Feoty)
by p) 2 (o )b b) + X bt ] =
4 U b)) 2 Chrbe) (B b) - S f’q/"f%]

B, -;-' (Pa M[ 2 (o be) by be) - 2 (P -Fe)
o Camy b bw) - X by #) ]

——

Dy = )\2- Q#Q‘Pc;.

'. Pa = )\2+'2 47‘1/#(;’_

The terms B1 and 83 in Eq.(2.4)are simply one gluon bremsstrahlung from
the initial and final quark Tines respectively. 82 is the interference

term.
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Virtual Gluon Correction {(to 0 (e(s)):

- e At
x[ G, t Cg = U)‘?'Pp)(QGZ" G G-q)]

Cama [ (B0 b) - (o b)(Pr )

+ 4 (PQ'PV)<PQ'P£) -3 (PQ'P’Z)(PV' ﬂ)]
+ éZG—Sm;} [ m; (}’Lk,) - (,Pz-pz’)(pa‘ﬁl/) |

B 0) b b ) - 2 Fe- ﬁu)(_f’@'f’ﬁ)*‘(ﬂ"&)({’fﬁ
+ ‘o'ZGa,'“Z (P@,.ﬂ,)[ 77/'31 - o P@'&]
. G, oy [.— 2mg (P bo) + Cte-t)(te - ty)

- (be-0) by be) + 2 (ba-0) o fr)
v Ue te) b #)

Wiy

v Gu g [(t)(hety) - (et ) trtr)
v 2ty b)) by po) t U’Q'fﬂ)(ff'fv)]}

(2.5)
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where

3 1
t+ LWy - Swot
l ¥4
| o _ (e‘ . Wsih® - 95““““0)
GB = QMO{MQS,;.,_\AS Cosh W — Cosh ©
C—q = 1 (4 + Wt v Cash 8
CRESETH corn -
+ Be )
Swh©
\ - B8k 3
Ce = Wwsihw - 88w - w 5
2 ( Coshw - C"‘She)
Wy = An (Mg )
6 = A (Mefmy) &

Cosh & = (PQ*fW)/ Mo Mg

The expression (2.5} is obtained by doing the Toop integration in the

virtual bremsstrahlung diagram (4] and is valid in the small A limit.
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The analogous formulae for the semi]eptonfc decay of a charge (-1/3)

quark

R th) —> A (+2h) 1‘_&

can be obtained from expréssions (2.2)-(2.6) by simﬁ]y replacing

(Jbl' > f& ‘) » We have decided to give the expreésions (2.2)-(2.6)
here, despite their length (and age!), since they can be fed into a
numerical integration prdgramme to calculate any desired semileptonic

decay distribution to 0O (ols). The expressions found in the literature [4]
for A -decay are of little use in calculating —%; %&%}- . We emphasize
that both the bremsstrahlung contribution and the virtual gluon corrections

-are separately divergent and depend on A . However, the sum of the two

is Convergent and independent of A . The one gluon corrected decay rate

Tso is [1,2.4):

(o) 2 of O"’t L) (,T) | ' .
‘1SL = r;L C.{ T3 "iﬁf‘ﬁ -f ‘) - (.7)

. -
where T]sL is the zeroth order rate corresponding to (1.1):

©) 2 5
" = Gt me 40 - (2.8)
\qen’

with r = mq/mQ and

2 ¢ ® y
f~ Y + 87 - -247 A v (2.9)

Q) =
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The function f(r) can be evaluated numerically by performing the phase
space integration indicated in (2.1), or it can be obtained from the

A+ -decay results [}]. We have plotted g(r) and f{r) for 03 r» 0.5 which

covers the range of current interest.

The lepton energy distribution can be expressed likewise as:

Lod4T HOx, 1) + < ods(me) h (¥, xe) (2.10)
T A%, 3T |
with ‘
Xg = QEQ/MQ
where the zeroth order lepton energy d{stribution i5 given by [8]:
\ '[7(°) 2 | Xy - §)2
W (, XQ)E‘Fé__ = dax (1-X-7 (2.11)
Ay (1—Xg) .
for Qur2s) =7 V(1) £
2 2)* 2
= 2% (1 Xe-Y%) [("X‘v)("Y“ XL) (2.12)
O-x2)®

b (2- xe) (44 27= X2) J
for Q(-4f3) —> ¥ (+ Y RED

The function /k-CY;XL) is calculated numerically using Egs. {2.1)-{2.6)

with the help of a numerical integration programme. We have verified that

h(y) XQ,) numerically satisfies the normalizaticn condition:

A
§ k(v x) dig = = 0
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The function | &Ldﬁ 0“@1)/37‘) ’A(Y/‘\'i) is shown for charm semileptonic
decay for r = 0.28 {corresponding to m. = 1.8 GeV, me = 0.5 GeV) in Fig. (3),
which also shows the zeroth order and the total (-F+Ofds)) corrected

lepton energy spectrum. As can be seen from Fig. (3) the shape of the
hormélized lepton energy distribution from the free quark decay is very

stable with respect to the 0(xs) correétions though the rate [%, changes sub-
stantié1]y. In particular, we do not find the appreciable softening of

the charm lepton spectrum found in ref. (1)}.

Before we make a comparison with charm data, we would like to include the

" non-perturbative confining effects of Q inside the meson (3q). These non-
perturbative effects are expected to become unimportant for heavier quarks
(say top) but should still be taken into account in charm decays. The most
important aspect of the confining force, vis & vis decay rates and distribu-
tions, is the description of the Q-momentum distribution inside the meson
Qa. We make a simple ansatz for ]kq\by assuming it to have a gaussian

distribution. Thus, the probability of finding Q with momentum between

‘f“ and \PQ\ + dlbg] is:

D thel)d [b] = —-‘-—P exp ( -Urol/ar ) dlb]  (2:13)

L

The lepton energy distribution can now be obtained by folding the decay
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distributions with D (_,po l) and integrating over A |F-'ml '

"'\"—T -el-—\l = f 'D(_\.‘,?Ql)d(lp&l)j M'Q G (T, 4e) Opag (2.14)
*g ° 32'"'“- 2 1Ra iy

‘ X E, - |#
T = ——é—(- Q ¥ 1) (2.15)

—_—

5w [ X (Far ), MR ()]

o= ™afmg

The analytic expression for G (’Y‘, ‘31) with the inclusion of gluon
radiative corrections is too cumbersome to obtain. For the case of the
free quark decay it is however simply given by H (¥, Up_) (Eg. (2.11)
or (2.12)). We have instead made a Monte Carlo calculation of the combined
effect of the Fermi motion and the O(oég,) correction by using expressions
(2.1) - (2.6) with the distribution )(JPQ\) . The resulting distribution
is then added to the Fermi motion corrected zeroth order distribution,

obtained by substituting (2.11) (or (2.12)) in (2.14).

The resulting lepton enerqgy spectra for the charm, bottom and top semileptonic

decays are shown in Figs. {3), (4) and (5), respectively. The effects of
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gluon radiative corrections and the Fermi motion on the lepton energy

spectrum vanish as "y increases. The predictions of the simple quark-

‘parton model thus become very dependable for —%; Ey% . for heavier
' e

quarks. The‘change in the decay rate due to Fermi motion is negligible

even for charm decay,

We are ﬁow in a position to make a comparison of our'ana1ysis with charm
semf]eptonic data. We have used the data on inclusive lepton spectrum from
the DELCO experiment at SPEAR [6], obtained at 42?3.77). Since the D'S
produced in the decay of ¥;k3.77) are almost at rest ( jf%?, ~ 0.25 GeY),
the comparison is free of ambiguities due to the ¢ =D fragmentation. We
have attempted twO‘xz—fits; one with only the QCD corrections treating

M. and mg as free parameters, and the other by also including the effect
of the charm guark Fermi motion. In the latter fit we.fix ms(==500 MeV)
and treat m. and AP, as free parameters. Since the experimental errors
are still large, we have kept all solutions having a 'xﬁd.f. ratio of
10/7 or less. The allowed parameter regions are shown in Fig. (6). The
éolutions corresponding to (i) p.= 0, m. = 1.8 GeV, mg = 0.5 GeV and
(ii) p = 0.6 GeV, m. - 1.7 GeV, me = 0.5 GeV are compared with charm
data. We remark that to the extent that the radiative corrections are
effective, the peak of the zeroth order lepton energy spectrum is shifted
somewhat towards smaller values of Ei and the high energy tail is somewhat
depleted. These effects, though in the right direction, are not sufficient
to exactly describe the general trend of charm lepton energy data [9]
which show a Tower peak and an extended tail. The Fermi motion induces

the desired softening and is noticeable in the case of charm, indicating

that the non-perturbative effects are still not entirely regligible in
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charm decays. Considering the present uncertainty in the data we find
1.8 GeVy m. 1.6 GeV to be an acceptable range for the charm quark

mass, leading to a lifetime estimate of 8 x 107}

3sec T %3.78 x 10" sec.
This prediction can be compared to an independent measurement of C, to
test the QCD semileptonic rate calculation., The lepton energy spectrum
and semileptonic branching ratio thus provide reliable estimates for mQ
and Z%Qa)’ modulo mixing angies. The change in T due to the mixing angles
should be rather small for the decays of charm and top mescons, though it
renders the possibility of an absolute measurement of Cg through semi~

leptonic decay measurements rather intractable.

111. Hard Gluon Bremsstrahlung in Semileptonic Decays

In this section we study the production of a single gluon in the semileptonic

process

(3.1)
R — 4Ly, + & o

As is clear from the previous section, a part of the process (3.1), with

soft collinear gluon emission, belongs to the radiative O (6£3) correction
to the process (1.1). However, for very heavy quarks there will be a non-zero
probability of observing (3.1) as an independent process, with the emission
of a hard non-collinear gluon. The decay probability of (3.1) is already
given in the last term of Eg. (2.1) with the [Mz\z given in Eqs. (2.3) and
(2.4). Since, we will put large cuts on XG énd Ces 9‘1/6 , to define the

hard gluon process (3.1) one could set A = 0. To get the rate for {3.1),
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one could trivially do the integrals over the lepton variables in (3.2)

using the formula

f 6131"9 fff’ﬁ (E, EVLT §q(>< ~fr- P’ie) (&)ﬂ (P”ﬁ)u

= T (2x%Xv ¥ x* Bpv)

(3.2)

d—

with '
X/u,: (’t’q"fgq/"ﬁ&)/u
.Three of the four remaining angular integrals can be done trivially leading

to the three dimensional integral

ar = 1eJ;m ('j;r)s' [ForlEe 1M ] ABg oABq  Cosbare 3.9
Q

vhere l'ﬁziz can be obtained from Egs. (2.3) and {2.4) by substituting:

(PL),M [PVL)V —> 2 X/u v + XL?AV . We have done the remaining

integrals in (3.4) numerically by putting cuts on E:Qﬁ and § = 4-Cos Q‘VG-
‘ m
‘Defining: Q

Te,s) ( QR —> U LV, + G Liow )
2 (oLs (m&)/aﬂ:) [—;L@) F(€,8,7)

(3.4)
the function F(Q, J,Y) is plotted in Fig. (2) for 0.5 r 7,0, with
the cuts £<=6=0.2 and €= - o0 4

is given by (2.7),_we

Since the total 1+ O(Q’s) semileptonic rate, I}L

could get the decay rate for the process

@ — gt ot Ay
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by subtracting [(_é) 5) from r_’S‘_ . Thus

, _ +
Tes (& =7 T¢¢ + £%)

) L ceesr)] 48
_ f’;f)[ s - 2 (s (mg) /3 £0) + FC )]

The expression (3.5) is the analogue of the Sterman-Weinberg 2-jet cross

. R i . : @}
section in e e [7] for the semileptonic decay of a heavy quark. T sio
drops out from the ratio of (3.4) and (3.5), thus leading to a relative
rate estimate for the process (3.1) (with respect to (1.1)) which depends
on my only through olg (_MQ‘*) .

| o,
R (¢, 8) = Tee, & (o~ "V’fwf*G)
. 4
Tles (@—> vget + 4 e)

(3.6)

-— -_% i‘s(}w_&-") FCEI S;T)

>t 4 -~ 2(ols ()MQ‘—)/?;TE) (€00 + FCE,E,r))

Presented in table 1 are some values of the quantity R(E,é) corresponding
to various cuts. on KE, 5) for the expected decay rate of the top quark.
Since the semileptonic branching ratioc , T:SL/r-k.hJ. An the decays of
heavy quarks is expected to be around the free quark decay model value

~ 40 %, we expect the process (3.1) to show up in top decays at a measurable
p

rate.
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Encouraged somewhat by this result, we calculate the distributions

LI _é_‘i-— and ‘ _______AV for the process
T'C,8) A Ces Bt V(e 8) dCos Bye

(3.1). They are shown in Figs. (7) and (8) respectively for some represen-

tative values of r with the cuts E == 0-Y4. These distributions, while

influenced somewhat by non-perturbative effects, are expected to hold

qualitatively. They serve to show that if mq is not small, as is expected

in most decay schemes, then the distribution GUVc?ifos %Gd_oes not peak around
BCVG =~ O . In fact there is a measurable probability (see Fig. 8 and table 1)

of observing the gluon in (3.1) with CoS Batv > Qo

The cleanest signature of the process (3.1) is:

| B N
ete — i —> (WW)*CW&f);j £ (3.7)

2 ~0.3F, .
which should have a branching ratic of & X CF-‘L/F%M.‘J) x 2545 - €d
The process (3.7) can be distinguished from the "ordirary" QCD process:

e {6 —> o ] G gt 7L
€ e — Vgt + 9 (3.8)

t Ghao got

if one is near the threshold of the tt production.
Discussion

In the preceding sections, we have investigated the consequences of one
gluon corrections to the semiieptonic decays of heavy quarks. Our estimates
of FSL/["SE” agree with previous estimates [},2] but we disagree in

the treatment of radiative corrections to the lepton energy distribution
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presented in ref. (1). We find the distribution L. jj_z to be

rather stable with respect to the one gluon GCD correctiorﬁ. The reason
for this can be traced back to the fact that the virtual gluon radiative
corrections dominate the O(«s) corrections (recall FSL/I}EO) < 1),
which act as form factors for the quark transition Q-—»q. However, it is
known from the studies in D — Kf-V;a, K*,EV’E that the form
factors, while chahging the hadron energy distribution appreciably do not
influence the shape of the lepton spectrum [10,11]. We have also tried to
study the effects of the non-perturbative confining force on the shape of
the lepton energy spectrum. The non-perturbative effects for charm decays
are appreciablé but become increasingly unimportant for bottom and top
semileptonic decays. The semileptonic branchingl ratio and the lepton
energy distribution provide, within QCD, an estimate of charm meson life- il

- 13 ‘
time, T, and we estimate it to lie in the range X {6 Sec 2 TDZ/}”“E

which is based on a % -fit of charm data [6].

We have then proceeded to study the semileptonic decay of heavy quarks in-

volving the emission of a hard non-collinear gluon. Rates and the decay

distributions A ,0_‘11_ and -L—' 4l are presented.
T Aces Bee T Acsbac

Depanding on mq, this process may have a branching ratio of several tenths
td a few percent. The cleanest signal of a gluon jet would be in dilepton
processes: <te — /th--i— q jet + g jet + gluon jet » where the
gluon jet will mostly consist of pions. This necessarily involves a high
statistics dilepton experiment above the top quark threshold. The detection
of (3.1) would be a nice and - perhraps the only direct test that QCD is

the right framework to study weak decays.
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Footnotes

Fl

F2

F3

The corresponding substitution for the decay of charge -1/3

quarks (bottom) is:
- e - ' ] -
(_/U- - Y V/u.) S C @, Y, e, 6)

The masses mQ and mq and the branching ratio determine lifetimes
of heavy quarks (mesons) upto a mixing angle. For charm and top

k3
mesons this will not introduce any significant error since Ceos Gct 1

2 _
and Cos Béb =~ 1 in the Kobayashi-Maskawa model.

In order to compare our calculations with the experimental data

on lepton energy spectrum from charm semileptonic decays, we have
plotted the guantity (’”, Eﬁ) which is simply related to h (r, Xp_)
by h(¥, Egd)= w™qja A (Y, X2) . The relative
normalization of the order &(«)lepton energy spectrum is fixed

with respect to the zeroth order by the factor 2(015(“*54’“)/371’.) ‘50’)
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h b £ ') Rce,s)
(GeV)]  (GeV) : (%)

0.3 13.8

0.3 0.0 4.5

0 0.4 8.0

0.4 0 3.4

14.0

0.3 0.95

0.3 0. 0.6

4.8 0.4 0.45

0.4 0. 0.33

0.2 22.1

0.2 0. 5.3

0 0.3 10.8

0.3 0. 3.6

127.0 0.2 6 g

0.2 0. 2.0

4.5 0.3 2.7

0.3 0. 1.2

Table 1

The ratio. R (€ &)= T(Q=> oy +Vy+6)

, T(R —> aygel +2Vp)
chotce of cuts on € = 2 E¢ and § = 4- Ces 9%.' . The choice
_ wa
of mQ is motivated by theoretical predictions and fits for the top quark

mass [12].

for various
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Figure Captions

Fig. 1
“Fig. 2
Fig. 3
Fig. 4

Feynman graphs for O(«s) corrections to the semileptonic decay
of a quark:
a) Virtual gluon correction
b) gluon bremsstrahlung
c¢) hard noncollinear gluon bremsstrahlung in the process
Q—> &Yy + G with K= 28¢ S € and
™ Q :
&sgqc < L-E-

The functions f(r), g(r) and FC&,S,T‘) where r = mq/mq. For

the definitions of these functions see sections II and III.

Inclusive lepton enerqy spectrum from charm quark decay.

a) Free quark medel result

b} ©(«s) contribution from one gluen corrections

¢) one gluon corrected spectrum

d) combined effect of c quark Fermi motion and one gluon
corrections.

The curves (a)-(c) correspond to m. = 1.8 GeV, mg = 0.5 GeV

and (d) tom_ = 1.7 GeV, m = 0.5 GeV and AY = 0.6 GeV. Data

points are from reference (6).

Inclusive lepton energy spectrum from b— C-Qyi. a) - d) are
the same as in Fig. {3). We have assumed my = 4.5 GeV, m. = 1.5 GeV
and for d) AP = 1.0 GeV. The curve corresponding to 8% = 0.5 Gev

is hardly distinguishable from curve (c).
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Fig. 5 Inciusive_]epton energy spectrum from t —» b&),. a) - d) are
the same as in Fig. (3). We have assured my = 14.0 GeV, m, = 4.5

GeV and AP, = 1.0 GeV.

Fig. 6 1(?-fit of the DELCO data [G] with the QCD corrected lepton energy
spectrum
a) acceptable region in the (mc-ms) plane with no Fermi motion
b) acceptable region in the (mc- At ) plane with é gaussianr

<
charm quark Fermi moticn (mS = 0.5 GeV}.

| ,
Fig. 7 The distribution —— _?L_E-— from the hard gluon process
(.60 AcesBeu

CQ—-57 ov,ﬂ\)ﬁ_ 4+ G for r =0.05, 0.33 and 0.5, assuming £= &= 0.4

Fig. 8 The distribution L Al from the hard gluon process
We,5)  AcCssBge

QR — W‘QPQ 4+ G forr=0,0.05,0.33 and 0.5, assuming

£E= &= 0-4.
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