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Electroweak corrections to the top quark decay
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We calculate the one-loop electroweak corrections to the deedyW*, including the counterterm for the
CKM matrix elementsV,,. Previous calculations used an incorre®df,, that led to a gauge dependent
amplitude. However, since the contribution stemming fré¥, is small, those calculations only underesti-
mate the width by roughly 1 part in 20
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Because of its large mass),=174.3-5.1 GeVk? [1], wherea=1/137.03599 is the fine-structure constant apgd
the top quarkt decays almost exclusively into a bottom is the Weinberg angle (cd&,=my/m;). The main correc-
quarkb and aw boson. This two-body channel, which is not tion to I’y stems from the one-loop gluon correction to the
available to the other quarks, makes the top quark singulayeak vertex. This?(aa) contribution was first evaluated
In fact, it is the only known quark where weak decay takeshy Jezabek and K [6], and later confirmed by Denner and
place before the strong hadronization process. Hence, COR,ck(DS) [7] and Eilamet al. [8]. Recently, a similar result
trary to the other hadr_o_nlc weak processes, one can calculaje,g obtained 9] applying the optical theorem to the two-
the width of the transitioi—bW?" without being involved body self-energy of the top quark. At ordem(yg) there are

with the non—perturbatwe aspects of QCD. Because of thl?wo calculations. Czarnecki and Melnikp¥0] evaluated the
advantage, this process wil be & 900d esting ground fof,, 5p vertex diagram for—bW* using themy,—0 ap-
models beyond the standard mo . In principle, within o . : : .
the SM, the experimental measurement of the decay rateroximation, while Chetyrkiret al.[11] expanded the imagi-

T'(t—bW") gives a direct measurement of thg, element nary part of the three-loop self-energy as a seri_eqzimnf.
of the Cabibbo-Kobayashi-Maskaw@KM) matrix[2]. Un- A recent approach to the same problem by Ghimculov and
fortunately, at a hadron collider, the experimental resolution'@0 [9] uses a combination of analytical and numerical
only enables us to reconstruct the branching ratio. Vigr ~ methods to evaluate the general massive two-loop Feynman
close to 1 the branching ratio is rather insensitive to its prediagrams. The electroweak corrections of ordémwere only
cise value. Hence, single top quark production at hadron colevaluated in Refd.7] and[8]. However, as Gambino, Grassi
liders offers a better chance to meas\Mig [3]. and Madricardd GGM) [12] have pointed out, in these pa-
Presently, direct observation of the top quark at the Ferpers the renormalization &f,, was done in such a way that
milab Tevatron[4] is not sufficient to obtain a direct mea- the final result was gauge dependent. Recently 1@ have
surement ofVy,. The Particle Data Group PD@E] gives  considered the renormalization of the CKM matrik; , in
Vi, but using CKM unitarity conditions. At the CERN the generic lineaR, gauge. We have confirmed that the DS
Large Hadron CollidefLHC), with 10" or 10® top quark [7] renormalization prescription leads to a gauge dependent
pairs per year, one expects to extrslgi with an error of the  amplitude and we have solved the problem introducing a
order 10%(5]. It is then desirable to calculate the top quark condition to fix 6V,; different from the one proposed by

width within a few percent precision. GGM [12]. Despite the fact that DE7] have used a gauge
At the tree level the—bW* width, Iy, is dependen®V; their numerical values for the/ partial de-
cay widths are essentially correct. In fact, #¥; contribu-
r.— a IV 2 tion is negligible. This was confirmed by Kniebt al. [14]
0 8sirt Oy tb using the GGM prescription. Clearly, it is in the top quark
decay process that a wron®)/;; would induce the largest
[m2— (my+my)21Y mZ— (my— m;)?]*? difference. In view of this situation we think that it is worth-
x m, while to present, in this Brief Report, the correct result for
the electroweak one-loop top quark decay. We will compare
m2+mZ  (m2-md)? mj our renormalization schenld.3] with the one proposed by
o s (1) GGM[12].
t t W t

Denoting byp and g the four-momenta of the incoming
top quark and the outgoing/*, respectively, the tree level
decay amplitudd is
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g TABLE I. Contributions toé from the individual terms in Eq.
A =—u(p—a)éy.u(p), (3)  (5) evaluated am=174.3 GeVt® and my=114 GeVt?. The
\/5 lower part lists the additional contributions needed if the G{Alg]

) o renormalization prescription is used.
where ¢* is the polarization vector and, as usug|,=(1

—vs5)/2. The one-loop amplitud&, can be written in terms  Form factors and counterterms Contributionss(@6)
of four independent form factors;, , Fgr, G, and Gg,
each one associated with a given Lorentz structure for the Fu —18.753
spinors.F| is associated wittA, andFg with Ag which is Fr -2x10°°
given by Eq.(3) replacingy, by yg. Similarly, G, andGg G -8x10°*
are multiplied byB, andBg, respectively, given by Gr —0.445
5 10.419
_ & -
BLR= 5 (P~ ) T (P @ 3 2103
30Z5, 5.220
Besides the form factors[; also depends on the counter- %5th[1] 4.831
terms. The final result is
Total 4.46
T1=AL[th(FL+§+§5ZW+%5Z§*+%5z;b) 33,4025 Vip 9x10°°
g 3326V 6Zj, —-1.8x10°3
1 L 1 L —3
v B2Vt S Vy 3ozl + wtb} 208 20k o
£t i%b 50Z5,— 5 6Zpp) —5.3x10
sV§ 6.4x10°°2
+ V[ ARFr+ B G| +BrGR]. (5)
Total -0.8x10°3

A detailed discussion of the counterterms can be found in
our previous wor{13] and so there is no need to repeat it
here. In particular, we have shovt3] that one obtains a
finite and gauge invariaft; with theV,, countertermgV,,,
given by

LOOPTOOLS[17] were used. Notice that, with our renormal-
ization prescription foVy,, all contributions from the off-
diagonal quark wave-function renormalization constants are
Ny — 1S 7oy~ 1S v 575 cargceled and one simply needs to evaluéaﬁfl] anq
“ ot j 0Zp1) - T_hey, together with t_he pther counterterms, give a
. Ly Ly . . large positived (23.66%) which is then reduced to 4.46%
=2Vl 6Zy" — 0Zy1y+ 0Zpy— 0Zppyyl,  (6)  with the negative contribution of, (—18.75%) andGg

L L (—0.44%). The other form factors give negligible contribu-
where dZ,,, and 5ZJJ’ are the up and the down left-handed tions. It is interesting to see the difference when we follow

quark wave function renormalization constants, respectivelyy,o ckM renormalization prescription given by GG2].
A 6Z with the subscripf 1] means that in its evaluation the The calculation is slighty more complicated: the off-

CKM matrix was replaced by the identity matrix. : : L% L
Let us stress that the only difference between our caIcu.glagona1I terms proportional t6Z," and 5Zj, have to be

. H Lx L
lation and the previous onég,8] is entirely due to a differ- included; Fhe d|agonalltermszn and 52“? have to be _cal-
ent choice of6V,,. Unfortunately, the choice made by DS CP'a‘ed W_'thOUt replacing the CK'\é m_atnx by the unit ma-
[7] is not physically acceptable. However, as we will see,[lix: and finally one ought to addVy, given by
6V, gives a rather small contribution. Hence, the numerical
result does not show any meaningful change. Perhaps, th g5

best way to discuss the result is to defifias

2REToT ] 477
T "
0 g 445
This, in turn, means that up t©(«?) the decay amplitude
can be written as a2l
I'=Ty[1+4]. (8
395 L : : : =
In Table | we show the different contributions &arising 165 170 i GeVIc) 180 185
from the individual terms of Eq(5). In the calculations the
program packagesEYNARTS [15], FEYNCALC [16] and FIG. 1. § as a function of the top quark mass.
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4.62

m
5=|12.7715-0.0477———|x 102, (11)
GeV/c?

4.57

Figure 1 shows the quality of this fit. Another parameter that

gamy enters the calculation is the Higgs boson mags. In the
results given in Table | and in Fig. 1 we have used rather
aar | arbitrarilymy=114 GeVk? As it is well known s depends
logarithmically onm,,. Again for m=174.3 GeVt? and
for 100 GeVk?<my<400 GeVt?, & could be fitted
442 e 20 2% g %0 200 with the following expression:
m,, (GeV/c))
FIG. 2. § as a function of the Higgs boson mass. my _
5=|4.4457+0.11721n x1072. (12
1 GeVE?
5v§f)=§ 2 SZ5™MVip— 2 Vo2 R, 9)
. In Fig. 2 we show the result and the fitted curve.
where thesZ[* are “special” anti-Hermitian wave func- ~ We would like to summarize our conclusions as follows:
tion renormalization constants fixed in terms of the quark (i) Using our[13] prescription for the renormalization of
self-energies at>=0, namely, the CKM matrix elements we have calculated the elec-
troweak radiative corrections to the decay witith bW™.
m2+ m? (i) For m=174.3 GeVt? and my=114 GeVk?, the
5Zh'A= '2 Jz[Eh(O)JrZEﬁ(O)]. (10 correction is6=4.46%. This increases the tree level value of
mi—m

i~ m ' from 1.4625 GeVé? to 1.5277 GeVe?.

(iii) We have checked that an alternative renormalization
drescription advocated by GGM 2] gives a width that dif-
Yers from ours by less than 1 part in°10

For the sake of completeness we have also listed in Table
the numerical values of these additional contributions. The
are aII_exgreihmer smalll'WT'Ch mea;1ns thiats practically the (iv) The contribution tos stemming from thesVy, coun-
Sarggrlcginlo tr:EnL?r:?eé:tZiitlori]:trso%u?:nggsiﬁ the calculation b terterm is rather small. It is 7:210°°% versus 6.4
i y Y%1073% in the GGM[12] scheme, while the old D§7]

the error in the top quark mass is far more important. To . 3,
illustrate this remark and to avoid the need to repeat this‘wtb counterterm would have given 660" %.

calculation in the future we have done it varying in the This work is supported by Fundax para a Ciacia e
two-sigma interval around the present experimental meaiecnologia under contract No. CERN/P/FIS/15183/99. L.B.
value. We have found that within this interval the valuesof and S.O. are supported by FCT under contracts BPD-16372

can be very well reproduced by the linear fit and BM-20736/99.
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