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Abstract We analyse the top-quark decay at the next-to-
next-to-leading order (NNLO) in QCD by using the Principle
of Maximum Conformality (PMC) which provides a system-
atic way to eliminate renormalization scheme and scale ambi-
guities in perturbative QCD predictions. The PMC renormal-
ization scales of the coupling constant ¢ are determined by
absorbing the non-conformal § terms that govern the behav-
ior of the running coupling by using the Renormalization
Group Equation (RGE). We obtain the PMC scale O, = 15.5
GeV for the top-quark decay, which is an order of magnitude
smaller than the conventional choice u, = m;, reflecting
the small virtuality of the QCD dynamics of the top-quark
decay process. Moreover, due to the non-conformal 8 terms
disappear in the pQCD series, there is no renormalon diver-
gence and the NLO QCD correction term is greatly increased
while the NNLO QCD correction term is suppressed com-
pared to the conventional results obtained at u, = my.
By further including the next-to-leading (NLO) electroweak
corrections, the finite W boson width and the finite bot-
tom quark mass, we obtain the top-quark total decay width
riet = 1.3112f8:8{38 GeV, where the error is the squared
averages of the top-quark mass Am; = 0.7 GeV, the cou-
pling constant Aws(Mz) = £0.0009 and the estimation of
unknown higher-order terms using the PAA method with
[N/M]=[1/1]. The PMC improved predictions for the top-
quark decay are complementary to the previous PMC calcu-
lations for top-quark pair production and helpful for detailed
studies of properties of the top-quark.

#e-mail: sqwang @cqu.edu.cn (corresponding author)

b e-mail: wuxg@cqu.edu.cn

1 Introduction

The top-quark was discovered in 1995 by the CDF and DO
Collaborations [1,2] and it is the heaviest fermion of the
Standard Model (SM). Due to the large mass of the top-quark,
it is the only particle that decays without hadronization in
elementary particles. Detailed studies of properties of the top-
quark such as its mass, its production and the structure of its
couplings to other elementary particles plays a crucial role for
understanding the nature of electroweak symmetry breaking
and searching for new physics beyond the SM. Many of such
studies require a good understanding of the decay of the top-
quark, thus a detailed study of its decay process is highly
desirable.

Significant efforts have been made on theoretical calcu-
lations for the top-quark decay process. The next-to-leading
order (NLO) QCD corrections to the top-quark decay have
been computed in Refs. [3—6]. The NLO QCD corrections
to the top-quark production and decay are incorporated con-
sistently, which has been extensively studied [7-14]. The
next-to-next-to-leading order (NNLO) QCD corrections to
the total width of the top-quark were calculated in Refs. [15—
18]. In recent years, fully differential calculations to the top-
quark decay rate at NNLO were performed in Refs. [19,20],
as well as the calculation of the combination of the top-quark
production and decay beyond NLO were given in Refs. [21-
25]. Experimentally, the Tevatron and LHC experiments have
measured the total width of the top-quark decay using dif-
ferent methods. For example, the first direct measurement
comes from the ATLAS Collaboration at /s = 8 TeV, yield-
ing [, = 1.76 & 0.3370-72 GeV [26]. A novel method for
directly measuring the top-quark decay using events away
from the resonance peak, gives I'; = 1.28 £ 0.30 GeV [27].
The most precise value I'y = 1.36 £ 0.0ng:i‘f GeV [28]
was presented by the CMS Collaboration with the assump-
tion of the branching fraction BR(t — Wgq) = 1. The

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1140/epjc/s10052-023-11224-4&domain=pdf
mailto:sqwang@cqu.edu.cn
mailto:wuxg@cqu.edu.cn

59 Page2of8

Eur. Phys. J. C (2023) 83:59

Particle Data Group (PDG) was reported the world average:
Iy = 1.42%312 GeV [291.

Extensively studying the properties of the top-quark calls
for a precise theoretical prediction for the width of the top-
quark decay. According to the conventional practice, there
are renormalization scheme-and-scale ambiguities for fixed-
order pQCD predictions. The choice of the renormalization
scale is arbitrary, and one usually choose the renormalization
scale as the top-quark mass w, = m; to eliminate the large
logarithmic terms lrl(mt2 / y,%) of pQCD series and then esti-
mates the uncertainty by varying the renormalization scale
over an arbitrary range, e.g., i, € [m;/2,2m,] for the pre-
diction of the top-quark decay. As a matter of fact the vari-
ation of the renormalization scale is only sensitive to the
non-conformal B terms but not to the conformal terms and
moreover we do not know how wide a range the renormal-
ization scale should vary in order to achieve reliable predic-
tions for its uncertainty. The renormalization scale ambigu-
ity becomes one of the most important systematic errors for
pQCD predictions.

The Principle of Maximum Conformality (PMC) [30-
34] has been proposed to eliminate the renormalization
scheme-and-scale ambiguities in pQCD predictions. The
PMC provides underlying principle for the Brodsky-Lepage-
Mackenzie (BLM) method and extends the BLM method
[35] to all orders. We have shown that a comprehensive,
self-consistent pQCD explanation for the top-quark pair
hadroproduction can be obtained [31,36-39], and a precise
determination of the top-quark mass can be achieved [40,41]
by applying the PMC method. The PMC scales are deter-
mined by absorbing the 8 terms that govern the behavior
of the running o via the Renormalization Group Equation
(RGE) and thus we can determine the effective coupling con-
stant for the top-quark pair hadroproduction. The PMC pre-
diction satisfies the requirement of the renormalization group
invariance [42—44]. Since the B terms do not appear in the
perturbative QCD series, there is no renormalon divergence
by using the PMC. The predicted top-quark pair produc-
tion cross sections agree with precise experimental data, and
the large discrepancies of the top-quark forward—backward
asymmetries between SM estimations and experimental data
are greatly reduced [31,36-39]. After having higher-order
QCD corrections, the predictions obtained by using conven-
tional scale setting are also in agreement with experimen-
tal data [45—47]. A detailed PMC analysis for the top-quark
decay process is desirable, since it is an important ingredient
in the calculation of the combination of the top-quark pair
production and decay.

Our goal in this paper is to provide a detailed PMC anal-
ysis for the top-quark decay. The remaining sections of this
paper are organized as follows. In Sect. 2, we present our cal-
culation technology for applying the PMC to the top-quark
decay at NNLO. We give numerical results and discussions
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for the top-quark decay in Sect. 3. The paper is concluded
with a summary in Sect. 4

2 PMC scale setting for the top-quark decay

The top-quark decay precess is almost completely dominated
by the r — bW, with the subsequent decays of the W bosons
into charged leptons, or into quarks. QCD corrections to this
precess at NNLO can be written as

Feo=TE [T+ e ) + ) dwn) + 0@, ()

where a;(u,) = os(uy)/(4m), and w, stand for the renor-
malization scale. The decay width at leading order (LO) is
given by

Gr |Vip)* m}

872

where w = m%, / m%, G F is the Fermi constant, | V;| denotes
Cabibbo-Kobayashi—-Maskawa (CKM) matrix element, and
m; is the mass of the top-quark.

The coefficients c; and ¢ (i) are for the NLO and NNLO
QCD corrections, respectively, which have been extensively
studied in the literature. The NNLO coefficient ¢ (u,) can
be divided into n y-dependent and n ¢-independent parts,

rko — (1—3w2+2w3), )

2 (ur) = c2,0(ur) +c2,1(ur) ny, 3

where 7 7 is the number of active quark flavours, which is
related to the By term by Bp = 11 —2/3 n y. The perturbative
coefficients can be further divided into conformal terms and
non-conformal terms [33,34] and the top-quark decay width
I'; in Eq. (1) changes to

[y = PO (U4 roas(uy) + (r20(r)
+ra.1() Bo) @)+ O@)). )

For our present NNLO analysis, the coefficients
r,0 = €1,

33
r2.0(ur) = c20(pr) + > c2,1(1r) ©)

stand for the conformal terms, and the coefficient

3
() = —5 c2,1(r) (6)

is the non-conformal term.

We shall adopt the PMC single-scale method [48] for our
analysis, and an overall scale can be determined for the top-
quark decay process. The NNLO coefficient is adopted from
Refs. [17,18], which is confirmed by the fully differential
calculations [19,20]. After applying PMC scale setting to



Eur. Phys. J. C (2023) 83:59

Page 3 of 8 59

the top-quark decay width in Eq. (4), we obtain

Fe= T (14110 4,(Q0) + 200 a2(Q0) + O@))].
(N
Here, Q. is the PMC scale, which is determined by requiring

all non-conformal terms vanish. At present NNLO level, the
PMC scale is given by

a1 (i)
2r10

Oy = [y €Xp |: + O(Ols)] . ()

After applying the PMC, only the conformal terms remain
in pQCD series. Thus, the resulting perturbative series
matches the conformal series of the conformal theory. At
present NNLO level, the PMC scale O, and the conformal
coefficient 72 ¢ only formally depend on the choice of the
renormalization scale u,, and their values are independent
of the choice of renormalization scale u,. The renormaliza-
tion scale dependence is eliminated for the top-quark decay
width in Eq. (7).

The previous NNLO QCD calculation [17-20] are given
by using the top-quark pole mass. In this paper, we also give
a PMC analysis for the top-quark decay process in the pole
mass scheme. It is noted that by using the MS mass of the
top-quark, the convergence of the pQCD series is greatly
improved for both the top-quark pair hadroproduction (e.g,
[49]) and the top-quark decay (e.g, [50]). It is of interest to
analyze these processes in the MS mass scheme by using
the PMC method. However, in the MS mass scheme, the
scale evolution of the running coupling (i) and the MS
mass m () are governed by a general renormalization group
equation involving both the B function and the quark mass
anomalous dimension y,,, and the n ¢-terms from both the
QCD g-function and the anomalous dimension are entangled
with each other. To give a PMC analysis in the MS mass
scheme, one needs to distinguish the source of the 7 ¢-terms
correctly. For example, a detailed analysis in the MS mass
scheme is given in Ref. [51].

3 Numerical results and discussions

To do numerical calculations, the two-loop MS scheme QCD
coupling is evaluated from s (Mz) = 0.1179, the top-quark
pole mass m; = 172.5 GeV [29], the W boson mass my =
80.385 GeV, the Fermi constant Gp = 1.16638 x 107>
GeV~2 and the CKM matrix element |Vip| = 1 [19].

The top-quark decay width F}‘O at LO is free from QCD
strong interaction and provides dominant contributions. The
QCD interaction occurs starting from NLO, and the correc-
tions are proportional to the QCD coupling «;. According to
the conventional scale-setting method, the renormalization
scale of « is usually set to the top-quark mass u, = my,

and its uncertainty is estimated by varying the scale over
an arbitrary range; e.g., i, € [m;/2,2m;]. In Table 1 we
present the LO decay width F}‘O together with the NLO and
NNLO QCD correction terms sT'N-O and §TNNEO for the
top-quark decay using the conventional (Conv.) and PMC
scale settings. At present NNLO level, the scale uncertainty
for the total QCD correction term §T'NFO 4 §TNNLO g
~ [-3.8%, +3.1%] for u, € [m;/2,2m;]. Due to the LO
decay width FZLO provides dominant contributions, the scale
uncertainty for the top-quark decay width Fg\]NLO is sup-
pressed to ~ [—0.5%, +0.4%]. The sT'NLO increases with
the increasing of the scale u,; the SF%\INLO decreases with
the increasing of the scale 1. Thus, the scale uncertainties
of TNLO and sTNNLO cancel each other out, which leads
to a small scale uncertainty for §T'NO 4 §TNNLO - Com-
pared to the total QCD correction TNFO 4 §TNNLO | the
scale uncertainty is rather large for each QCD correction
term, i.e., the scale uncertainties are ~ [—10.5%, +7.9%]
for the STN- and ~ [+23.5%, —16.7%] for the ST NNLO
for w, € [m;/2, 2my;].

In the case of conventional scale setting, one cannot decide
what is the exact QCD correction terms for each perturbative
order, and the renormalization scale uncertainty becomes one
of the most important systematic errors. After applying PMC
scale setting, the QCD correction terms are almost fixed to
be —0.1892 GeV for sT'N-0 and 0.0207 GeV for sTNNLO for
any choice of the renormalization scale u,. Thus, the renor-
malization scale uncertainty of conventional scale setting is
eliminated.

It is noted that by fixing the scale u, = my, the relative
importance of the NLO and NNLO QCD correction terms

STNLO/ TLO . _8.6%,
STNNLO/ TLO 5 19 )
are given in Ref. [19]. Using the same input parameters, our
conventional results agree with those of Ref. [19]. However,
Table 1 shows that the NLO and NNLO QCD correction
terms are changed to

STNLO/ TLO 9 49,
STNNLO/TLO 1 6% (10
for u, = m; /2, which implies that the convergence of the
pQCD series is improved. The NLO and NNLO QCD cor-
rection terms are changed to

STNLO/ L0 ~ _7.8%,
STNNLO/PLO 2 49 (11)
for u, = 2m;, which implies a slower convergence of the
pQCD series. Thus, in the case of conventional scale setting,
one cannot decide the intrinsic convergence of the pQCD

series, and a poor convergence of the pQCD series may be
caused by the improper choice of the renormalization scale.

@ Springer
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Table 1 The LO decay width I'“© together with the NLO and NNLO QCD correction terms $T'N-C and sTNNLO for the top-quark decay using
the conventional (Conv.) and PMC scale settings. Decay width are shown in unit of GeV.

iy FLO §T NLO § FNNLO r NNLO
t t t t

me/2 1.4806 —0.1394 —0.0234 1.3179

Conv. m; 1.4806 —0.1261 —0.0306 1.3239
2m; 1.4806 —0.1161 —0.0357 1.3288

PMC 1.4806 —0.1892 0.0207 1.3122
After applying PMC scale setting, Table 1 shows that the 1'40: T ]
PMC results for the NLO and NNLO QCD correction terms 1.38L b
are fixed to
NLO ; 1LO - ]

sy /" ~ —12.8%, 134 - ]
STNNLO/TLO 1 49 (12) = < ]
3 1| I —

for any choice of the scale u,. Due to the absorption of = 1.305 // ]
the non-conformal terms, the NLO QCD correction term is e T I |cony ]

. . . . L1/
greatly increased while the NNLO QCD correction term is 128F [NNLO | ]
suppressed compared to the conventional results obtained in 126l ]
the range of u, € [m;/2, 2m;]. ]
M _’ 1.24 PSS S NS S S S ST ST S S SN ST SO S S ST SN S NSNS SN S AN S SO SO S |
It is noted that th.e s?ale. 1ndepend.ent NNLO conformal 50 00150 200 250 300 350
coefficient r2 o(u,) is significantly different from the con- GeV)
Hr

ventional NNLO coefficient c2(u,), i.e., r2,0(u,) = 85.0,
and co(u,) = —(282.2 £ 105.7) for pu, € [m;/2,2m;].
Thus, the NNLO QCD correction term provides a negative
value using conventional scale setting; it becomes a positive
value after using the PMC. By fixing the scale u, = my,
the conventional prediction for the top-quark decay width is
r }\INLol(jonV. = 1.32391‘8:88‘6‘3 GeV, where the erroris caused
by u, € [m;/2,2m,]. The scale-independent PMC predic-
tion for the top-quark decay width is TNNMO|pyc = 1.3122
GeV, which is smaller than the conventional predictions
obtained in u, € [m;/2, 2m;].

More explicitly, in Figs. 1 and 2 we present the top-quark
decay widths I'; at NLO and NNLO versus the renormal-
ization scale w, using the conventional and PMC scale set-
tings. In the case of conventional scale setting, we can see
from Fig. 1 that the top-quark decay width I'; at the NLO
QCD correction depends heavily on the choice of the renor-
malization scale u,, whereas the scale dependence becomes
weaker by the inclusion of the NNLO QCD correction. This
observation is consistent with the conventional expectation
that the scale dependence is progressively decreased by the
inclusion of higher-order QCD calculations. Figure 1 also
shows clearly that by varying the scale u, € [m;/2,2m;],
the NNLO calculation does not overlap with the NLO predic-
tion. Thus the estimate of unknown higher-order QCD terms
by wu, € [m;/2,2m,;] is unreliable for the top-quark decay
process. In fact, simply varying the scale is only sensitive to
the B terms, but not to the conformal terms. Some typical
examples such as the hadroproduction of the Higgs boson

@ Springer

Fig. 1 The top-quark decay widths I'; versus the renormalization scale
., using conventional (Conv.) scale setting, where the dashed and solid
lines stand for the conventional predictions F}\‘Lolclmv, at NLO and
F}\INLolcOm,_ at NNLO, respectively. Two orange bands stand for the
estimation of the unknown higher-order QCD terms by using the con-
ventional method of pu, € [m,/2, 2m;]

1401
138} .
1.36 5 """ F?ILO |PMC E

134

1.32f

I'; (GeV)

130F 3

1.28F .
1.26F .

350

150 200
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250

300

124l
50 100

Fig. 2 The top-quark decay widths I'; versus the renormalization scale
1 using PMC scale setting, where the dashed and solid lines stand for
the PMC predictions I'N-O|ppc at NLO and INNEO|pye at NNLO,
respectively. Two error bands stand for the estimation of the unknown
higher-order QCD terms by using the Padé approximation approach
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at NLO [52-54], the event shape observables in electron-
positron annihilation [55,56] illustrate the unreliability of
error estimates using this conventional method.

After using the PMC, as show by Fig. 2, the top-quark
decay widths at NLO and NNLO are almost flat versus the
renormalization scale p,; the scale dependence of both the
QCD correction terms at each perturbative order and the
total QCD correction are simultaneously eliminated. Sim-
ply varying the scale to estimate the unknown higher-order
QCD terms is not applicable to the PMC predictions, since
the PMC scales are determined unambiguously by the non-
conformal terms, and the variation of the PMC scales would
break the renormalization group invariance and then lead to
an unreliable prediction [43].

We adopt the Padé approximation approach (PAA) [57—
59] for the estimate of unknown higher-order QCD terms.
The PAA offers a feasible conjecture that yields the unknown
(n + 1)g-order terms from the given ng,-order perturbative
series, and a [N/M]-type approximant p,[,N/ M1 for On =
Y& Cixt s defined as

IN/M]__ bo+bix + -+ byxN

" T l4cx 4 FoyxM
n

=D Cix' + G " (13)
i=0

where the parameter M > 1 and N + M = n. The known
coefficients C;(<;) determine the parameters b;e(o,n] and
¢jer1,m]> which inversely predicts a reasonable value for the
next uncalculated coefficient Cy,+ [60]. Applying the Padé
approach to the Eq. (7), the estimated NNLO coefficient is
Yy = rig for [N/M] = [0/1]; the estimated NNNLO
coefficient is r¥» = r3 /r1o for [N/M] = [1/1]. Thus,
the uncertainty from unknown higher-order terms could be
estimated by ATNO = £, af(Q,) for the NLO PMC
result, and ATNNLO — irg%A a2 (Q,) for the NNLO PMC
result. Finally, we obtain AI'NO = 10.0242 GeV and
ATNNLO — 47254077 a}(Q,) = +0.0023 GeV !. The
NNLO PMC results are well within the error bars predicted
from the NLO PMC calculations for the top-quark decay
based on PMC+PAA calculation, as shown clearly by Fig. 2.

At present NNLO level, we obtain one scale for the top-
quark decay and the determined PMC scale is

0, = 15.5GeV. (14)

The PMC scale is independent of the renormalization scale
WUy, and it is an order of magnitude smaller than the conven-
tional choice u, = my, reflecting the small virtuality of the
QCD dynamics of the top-quark decay process. In addition,

! The estimated NNNLO coefficient is rE%A = —r13'0 +2r1,0r2,0 for

[N/M] = [0/2], which leads to ATNNLO = +705.6404 a3 (Q,) =
+0.0022 GeV, and is very close to the case of [N/M] = [1/1].

as shown by Fig. 1, the top-quark decay width at NNLO first
decreases and then increases with increasing scale v, using
conventional scale setting, achieving its minimum value at
ur ~ 23 GeV. If one chooses to replace the conventional
choice u, = m; with the small scale u, <« m; (espe-
cially around 23 GeV), the pQCD convergence of the top-
quark decay will be greatly improved, as well as the result-
ing conventional prediction decreases and close to the scale-
independent PMC prediction. Thus, the effective momentum
flow for the top-quark decay process should be u, < m;, far
lower than the conventionally suggested w, = m;. Some
other examples such as the bottom quark forward—backward
asymmetry [61] and the event shape observables [62] in
electron-positron annihilations also show that the effective
renormalization scale is very small compared to the scale of
conventional choice.

In order to provide a reliable prediction for the top-
quark decay, we need to take into account other corrections
such as the effect of finite bottom quark mass and finite W
boson width, as well as electroweak corrections. In Table 2
we present the PMC results of the top-quark decay widths
together with the corrections from the finite bottom quark
mass, the finite W boson width and the NLO electroweak
corrections for m; = 172.5 and 173.5 GeV. These correc-
tions are taken from Ref. [19]. Since the corrections from
the finite bottom quark mass and the finite W boson width
provide negative values while the NLO electroweak correc-
tion provides a positive value, their contributions cancel out
greatly to the top-quark decay.

Finally, we obtain reliable predictions for the top-quark
total decay width

I = 1.3112 £ 0.0016 = 0.0023 GeV (15)
for m; = 172.5 GeV, and
et = 1.3383190018 + 0.0023 Gev (16)

form; = 173.5 GeV. Here, the first error comes from the cou-
pling constant Aag(Mz) = £0.0009 [29] and the second
error is caused by the estimation of unknown higher-order
terms using the PAA method. In the case of conventional
scale setting, by including the corrections from the finite
bottom quark mass b , the finite W boson width S;V and the
NLO electroweak corrections SE@O, the top-quark total decay
width is T = 1.3229 GeV for u, = m; = 172.5 GeV.
It is noted that the top-quark mass uncertainties are larger
than the discrepancies between conventional and PMC scale
settings to the perturbative expansion. The top-quark total
decay width depends heavily on the top-quark mass, and thus
the theoretical error is dominated by the m;. More explic-
itly, we show the top-quark total decay width I''" versus the
top-quark mass m; in Fig. 3. The most precise experimental
measurements (about 10% uncertainty) [28] is also presented

@ Springer
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Table 2 The PMC results of the top-quark decay widths F;‘JNLolpMc
together with the corrections from the finite bottom quark mass 6’}, the

finite W boson width § ;V and the NLO electroweak corrections SE@O

(in unit GeV) for m;, = 172.5 and 173.5 GeV. These corrections 8?-, 8‘;‘-/
and Sg\];vo are taken from Ref. [19]

my NNEO |y 8 sy SNLO Total
172.5 1.3122 —0.0038 —0.0221 0.0249 1.3112
173.5 1.3392 —0.0039 —0.0225 0.0255 1.3383
1.55 fr— T remain in pQCD series. The renormalization scale uncer-
1.50F ] tainty is eliminated for pQCD predictions. The intrinsic
E ] convergence of the pQCD series of the top-quark decay is
L45¢ ] greatly improved due to the renormalon divergences are elim-
Laok ] inated. The determined PMC scale for the top-quark decay
E E ] is O, = 15.5 GeV, which is an order of magnitude smaller
= 135p ] than the conventionally suggested 1, = my;, reflecting the
= Lok 1 small virtuality of the QCD dynamics of the top-quark decay
T ] process. By including the NLO electroweak corrections, the
1.25F B finite W boson width and the finite bottom quark mass, we
1205 ] obtain a reliable prediction for the top-quark total decay
- ] width
168 170 172 174 176 178 tot __ +0.0188
Gew) [ = 13112757 = 0.0016 £ 0.0023 GeV, (17)
m, (Ge

Fig. 3 The top-quark total decay width "' versus the top-quark mass
m,, where the solid line and the blue band represent the PMC predic-
tions and the dashed line and the orange band stand for the conventional
predictions. As a comparison, the most precise experimental measure-
ments [28] is also presented

as a comparison. Currently, the experimental measurements
have relatively large uncertainties. The experimental mea-
surements and the theoretical predictions of the PMC and
conventional scale settings are in agreement.

4 Summary

Using conventional scale setting, the renormalization scale
is usually set to the top-quark mass m,, and its uncertainty is
estimated by varying the scale over an arbitrary range for the
pQCD prediction of the top-quark decay. Such conventional
scale-setting procedure introduces an inherent scheme-and-
scale dependence. One cannot decide what are the exact QCD
correction terms for each perturbative order as well as the
intrinsic convergence of the pQCD series. A improper choice
of the renormalization scale can lead to a poor convergence
of the pQCD series. The renormalization scale uncertainty
becomes one of the most important errors for pQCD predic-
tions.

After applying PMC scale setting, the PMC renormaliza-
tion scales are determined unambiguously by absorbing all
of the non-conformal terms, and only the conformal terms

@ Springer

where the errors are caused by the top-quark mass m; =
172.54+0.7 GeV, the coupling constant os (Mz) = 0.1179+
0.0009 [29] and the estimation of unknown higher-order
terms using the PAA method with [N/M]=[1/1], respectively.
The PMC improved predictions for the top-quark decay are
helpful for detailed studies of properties of the top-quark.
The current PMC results are complementary to the previous
PMC calculations for top-quark pair production.
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