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We present a new determination of the top-quark mass m; based on the experimental data from the
Tevatron and the LHC for single-top hadro-production. We use the inclusive cross sections of s- and
t-channel top-quark production to extract m; and to minimize the dependence on the strong coupling
constant and the gluon distribution in the proton compared to the hadro-production of top-quark pairs.
As part of our analysis we compute the next-to-next-to-leading order approximation for the s-channel

cross section in perturbative QCD based on the known soft-gluon corrections and implement it in the
program HATHOR for the numerical evaluation of the hadronic cross section. Results for the top-quark
mass are reported in the MS and in the on-shell renormalization scheme.
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Since the discovery of the top-quark in 1995 [1,2], the precise
value of its mass has always been of great interest as a funda-
mental parameter of the Standard Model (SM). In the course of
time several approaches have been used to extract the top-quark
mass m; as summarized for instance in [3]. While kinematic fits to
the top-quark decay products allow for a very precise determina-
tion of parameters in Monte Carlo (MC) programs that are used to
describe the measured distributions, the relation of these MC pa-
rameters to the fundamental SM parameters needs to be calibrated
and related uncertainties need to be taken into account [4]. The
determination of the top-quark mass from inclusive cross sections
measured at the hadron colliders Tevatron and the Large Hadron
Collider (LHC) provides an alternative way. This allows to relate
the experimental cross section measurements directly to theoreti-
cal calculations which use a top-quark mass parameter in a well-
defined renormalization scheme.

In this regard, the pair production of top-quarks has been of
primary interest. It is dominantly mediated by the strong inter-
actions. In consequence, theoretical predictions for top-quark pair
production are highly sensitive to the value of the strong coupling
constant oz as well as to the parton luminosity parameterized
through the parton distribution functions (PDFs) of the colliding
hadrons. In fact, the uncertainty in the value of s and the depen-
dence on the gluon PDF are the dominant sources which limit the
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precision of current theory predictions at the LHC [5]. Future mea-
surements in particular at the LHC in Run 2 can potentially provide
improved determinations of as; and the PDFs, yet it is worth to in-
vestigate other methods to access m; that do not rely on these
controversial quantities.

In this letter we determine the top-quark mass based on single-
top production cross section measurements as a complementary
way to arrive at a well-defined value for m; that is largely indepen-
dent of s and the gluon PDFs. Single-top production generates the
top-quark in an electroweak interaction, predominantly in a ver-
tex with a bottom-quark and a W-boson. The orientation of this
vertex assigns single-top production diagrams to different chan-
nels as illustrated in Fig. 1. As our focus is on the minimization
of the correlation between m;, s and the gluon luminosity, we
consider only the so-called s-channel and t-channel production of
single top-quarks in the following. The cross sections for those pro-
cesses are directly proportional to the light quark PDFs, which are
nowadays well constrained by data on the measured charged lep-
ton asymmetries from W* gauge-boson production at the LHC. We
use the inclusive single-top cross section measurements for those
channels to determine m; and compare the results to the ones ob-
tained from tf production. Our study is based on data from the
Tevatron at center-of-mass energy /S = 1.96 TeV as well as from
the LHC at +/S = 7, 8 and the most recent one at 13 TeV.

The theoretical description of both top-quark pair production
and single-top production has reached a very high level of accu-
racy. The total cross section of tf hadro-production has been calcu-
lated up to the next-to-next-to-leading order (NNLO) corrections
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Fig. 1. Representative leading order Feynman diagrams for single top-quark production: (a) s-channel; (b) t-channel; (c) in association with a W boson.

in perturbative QCD [6-9]. The NNLO result shows good appar-
ent convergence of the perturbative expansion and greatly reduced
sensitivity with respect to a variation of the renormalization and
factorization scales pg and pr, which is conventionally taken to
estimate the uncertainty from the truncation of the perturbation
series.

For the t-channel of single-top production, the NNLO QCD cor-
rections have been determined in the structure function approxi-
mation [10] (see also Ref. [11]), by computing separately the QCD
corrections to the light- and heavy-quark lines, see Fig. 1 (b). Any
dynamical cross-talk between the two quark lines, e.g., double-
box topologies, has been neglected in Ref. [10] and is expected
to be small due to color suppression. The current theoretical sta-
tus regarding those non-factorizing corrections is summarized in
Ref. [12].

The inclusive cross section of s-channel single-top production
is fully known up to the next-to-leading order (NLO) QCD correc-
tions [13], see also [14] for fully differential results. Beyond NLO
accuracy, fixed-order expansions of the resummed soft-gluon con-
tributions up to the next-to-leading logarithms (NLL) have been
provided as an approximation of the complete NNLO result, both
for the Tevatron [15] and the LHC [16]. Subsequently, these results
have been extended to next-to-next-to-leading logarithmic (NNLL)
accuracy [17]. The threshold corrections in the s-channel are large
and dominant and, therefore, they provide a good approximation
to the full exact result, see Ref. [18] for a validation at NLO. In our
study we use Refs. [15-17] to derive compact expressions for the
approximate corrections at NLO and NNLO including soft-gluon ef-
fects almost complete to NNLL accuracy. To that end, we integrate
the partonic double-differential cross section given in Refs. [15-17]
over the phase space, i.e., the partonic Mandelstam variables t and
u, and obtain the inclusive partonic cross section to logarithmic
accuracy in the top-quark velocity g = (1 —m?/s)!/2.

We expand the partonic cross section for s-channel single-top
production as a power series

0=094a;,00+a20@, (1)

with a5 = as(ug) taken at the renormalization scale pg and the
leading-order partonic cross section for the process ud — tb given
by

ROBEL vtbvgd(mf—s)2(mt2+2s)

2452 sin* 6y (m2, — 5)2

(2)

Here, /s is the partonic center-of-mass energy, my, the W-boson
mass and «, sinfy, V¢ and V4 are the electroweak and CKM
parameters [19].

The NLO result in Eq. (1) is denoted oV and the exact re-
sult is known [13] and has been implemented in the program
HATHOR [20,19] for a fast and efficient evaluation of the total cross
section. Based on the threshold enhanced soft-gluon contributions
we can provide an approximate NLO (aNLO) result for o (! as
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where the coefficients of logZ(ﬁ) and log(B) are exact while we
are lacking terms independent of 8, i.e, O(8%) from the virtual
contributions at one loop. In addition we multiply the result by
a kinematical suppression factor (1 — g2) = mtz/s to restrict the
soft-gluon logarithms to the threshold region.

The NNLO result @ in Eq. (1) is currently unknown, but we
can compute an approximate NNLO (aNNLO) expression for o ®
valid near threshold g >~ 0 as

Cr

2) ~ 5(0) _ p2 4

o ~0o (l B )247r2 (2352CF log™(B)
— 8log®(B)(170 + 777CF)

1
+ 5 log*(p) (801,30 —28 (37‘[2 - 67) Ca + 24759CF

5 144
— 50472Cp — 2800 + —
Nc
1
+ 75 log(8) (—4293,30 1Ca (3240;3 — 18007 + 10087r2)

+ 6480CF3 — 111348Ck + 410472 Cr +2758ng

L2885 7344
N¢ Nc

( 1021580 + 25C4 (648;“3 — 2315+ 1447 )

3456
—727%ng + —;“3

1
120

+ 32400CF¢3 — 251550CF + 118807 2CF + 8990n ¢

23040 32, 3840 , 69120
BN N, N,

Mz
+log< ) (—1344CF log(B)

mt

—3607%ny +

1
+ 1210g2(8)(7Bo +190Cr) — 5 log(#) (33360
—8(37? — 67) Ca + 6066Cy — 14472Cr — 80n )

1 2 2
+ 2(18950 ~8 (371 - 67) Ca +3282CF — 14472CF
2
—80n7) + log( ) (—2480 log(B) + 18/30))
I

+ log? (’; F) (192 log(8) — 12 log() (o +12Cr)
t

2
£330+ ZOCF)) +log (%) <84ﬂ0 log2(8)
F

189
— 11150 log(B) + Tﬂo)) +0(B) (4)



S. Alekhin et al. / Physics Letters B 763 (2016) 341-346 343

g [pb]
06 S~ _
; ....:::7.'_._.::~.~.~oooooooo-.oooo.-o....
o5F° T TTIESmsaAa
Fo~ e -,
L \\ _________
0al T~
03 ——— 10 TTTe-—
_____ NLO
021 aNLO
01: o o o o o NNLO sc. dep.
r aNNLO
! . L L plmy
0.2 0.5 1 2 5

Fig. 2. Cross section of single-top production in the s-channel for pp collisions us-
ing v/S =1.96 TeV, mf‘)le =172.5 GeV and the ABM12 PDFs [21] as function of
/me with = g = at LO (brown, long-dashed), at NLO (blue, short-dashed),
at aNLO (green, dashed-dotted), at aNNLO (red, solid), and with scale dependence
exact at NNLO (purple, dotted). The vertical lines indicate the nominal scale p =m;
and the conventional range 1/2 < u/m; <2 for the variation.

where Bp = (11C4 — 2ny5)/3 and ny is the number of quark fla-
vors. Moreover, we have Cr =4/3 and C4 =3 in QCD with N, =3
colors and ¢3 denotes the Riemann ¢-function.

In Eq. (4) all terms proportional to log?(8) and log®(8) are
exact while those starting from log?(8) are complete up to the
interference of the one-loop threshold logarithms in Eq. (3) with
the O(B°%) part of the one-loop virtual corrections. In our subse-
quent phenomenological studies we therefore restrict the use of
threshold logarithms in Eq. (4). For the scale independent part we
keep all terms proportional to logk(ﬁ) with k =4, 3, 2. In analogy,
we also keep the first three terms of the threshold expansion in
Eq. (4) for all parts proportional to logarithms of pg or wr, that is
log(i) logh(B) with k =3,2,1 and log?(w) log"(8) with k=2, 1,0.
In this way, we define the partonic cross section in the s-channel
at approximate NNLO accuracy.

As a check of the convergence and the perturbative stability we
show the scale dependence in Fig. 2 at LO, NLO and NNLO for pp
collisions at +/S = 1.96 TeV. We focus here mainly on Tevatron
kinematics for s-channel single-top production, since this process
has not yet been established as an accurate enough observation at
the LHC. We use a pole mass m?me =172.5 GeV, the PDFs of the
ABM12 set [21] and we identify u = g = r. At NLO we plot the
exact result [13] and compare to the threshold approximation for
o given in Eq. (3) and show that it approximates the exact result
very well. In fact, around the nominal scale © =m; the deviations
of the aNLO result Eq. (3) from the exact one typically amount to
only 5% or less for collider energies in the range /S =1 to 5 TeV.
At NNLO, we use the result for ® in Eq. (4) including the scale
dependent terms and subject to the truncation discussed above.
As an alternative, instead of those scale logarithms we can use the
exact scale dependence at NNLO, which is provided by the pro-
gram HATHOR in numerical form, see [19]. Again, the differences
between the two results are small except for very small values
of w. In this case, numerically large but power suppressed contri-
butions O(B) in the scale dependent part cause variations which
remain uncanceled by the scale independent terms in Eq. (4). In
the conventionally chosen range 1/2 < u/m; <2 for the scale vari-
ations indicated by the vertical lines in Fig. 2 any differences in
the methodology to estimate the NNLO corrections are small so
that we consider Eq. (4) restricted to the first three terms of the
threshold expansion to provide a reliable approximation for the
NNLO term ¢ @ in Eq. (1). Below, we will use the residual scale
dependence to estimate both the error due to the truncation of the

perturbative expansion in Eq. (1) as well as the systematic uncer-
tainty inherent in the threshold approximation defining our aNNLO
result. See also Ref. [18] for a further discussion of the validation
of our approximation method.

The theoretical calculations for the hadro-production of top-
quarks, singly or in pairs, typically use the on-shell renormalization
scheme for the top-quark so that the cross section predictions
are given in terms of the pole mass mf‘)le. The advantages of
other renormalization schemes which implement so-called short-
distance masses, like the MS mass m;(u) at the scale u, have
been discussed in the literature at length, see for instance [22,23,
4]. The relation between the on-shell mass m"*'® and the MS mass
is known up to four loops in perturbation theory [24,25] and can
be used to convert the respective cross sections. See for instance
Refs. [23,20] for the derivation of o (m;(m;)) in terms of the MS
mass m¢(m;) at u =m, from a(mf‘)le). In summary, cross sections
for the hadro-production of top-quark pairs exhibit a faster con-
vergence and better scale stability if expressed in terms of the MS
mass.

This improved convergence is also observed for single-top pro-
duction in the s-channel. Evaluating the cross section for s-channel
single-top production in pp collisions at /S = 1.96 TeV with

the ABM12 PDFs and mf"le =172.5 GeV, we find o9 = 0.37 pb,
onLo = 0.51 pb, and oannLo = 0.56 pb, which corresponds to an
increase of 39% at NLO relative to LO and an increase of 9% at
aNNLO relative to NLO. This growth is reduced when the cross
section is calculated for m¢(m;) = 163.0 GeV. In this case, we
find the cross section values opp = 0.47 pb, ono = 0.57 pb, and
oannLo = 0.58 pb with an increase of 20% at NLO relative to LO
and an increase of 3% at aNNLO relative to NLO.

For the independent variation of both the renormalization scale
g and the factorization scale ur between %m[ and 2m;, exclud-
ing the points where both scales are shifted in opposite directions,
we see some increase in stability when using the MS mass. In pp
collisions at ~/S = 1.96 TeV we find for a pole mass of 172.5 GeV
variations relative to the cross section at the central scale m; of
+5.2%/—4.7% at NLO and +2.8%/—2.4% at aNNLO. When the cross
section is expressed as function of the MS mass, which we set
to 163 GeV here, the scale dependence at NLO is reduced to
+3.1%/—3.2%. The scale dependence at aNNLO is +3.6%/—2.7% for
m¢(m;), similar to though slightly larger than the scale depen-
dence in the case of the pole mass. The range of variations can
be considered as an inherent uncertainty of our approximation for
Tevatron collisions. At higher energies, like in pp collisions at the
LHC with +/S = 8 TeV, the threshold approximation is less accurate
and we find scale uncertainties of +5.3%/—4.4% and +6.4%]—5.3%
at aNNLO for the pole mass and the MS mass respectively.

Due to the pattern of improved convergence observed in all
production processes, we use the MS scheme in our determination
of the top-quark mass. The fits to measured data are performed
with the program HATHOR [20,19], which computes the inclusive
cross sections for tt and single-top production. In the s-channel,
we implement our aNNLO result Eq. (4) for the partonic cross sec-
tion in HATHOR and combine it with the built-in NLO formulae.
To evaluate the t-channel total cross section, we use the NLO QCD
predictions included in HATHOR and rescale them to account for
the small NNLO QCD corrections calculated in Ref. [10]. In our
analysis we use a common factor k = 0.984 for the t and t final
states alike for this rescaling. This is justified as follows.

For the t-channel total cross section for a single t-quark
Ref. [10] reports a reduction by —1.6% at NNLO compared to NLO
and for the one for a single t-quark by —1.3%, respectively. Hence,
there exists a slight dependence on the final state (see Tabs. 1
and 2 in Ref. [10]). It is worth pointing out, though, that the num-
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Table 1

S. Alekhin et al. / Physics Letters B 763 (2016) 341-346

The data on single-top production in association with a light quark q or b-quark from the LHC and Tevatron used in the present analysis. The errors given are combinations

of the statistical, systematical, and luminosity ones.

Experiment ATLAS CMS CDF & DO

VS (TeV) 7 8 13 7 8 13 1.96

Final states tq tq tq tq tq tq tq, th

Reference [26] [27] [28] [29] [30] [31] [32]
Luminosity (1/fb) 4.59 203 3.2 2.73 19.7 23 9.7x2

Cross section (pb) 68+8 82.6+12.1 247 + 46 67.2+6.1 83.6+7.7 232431 3.30f8% (sum)

Table 2

The data on the tt-production cross section from the LHC used in the present analysis. The errors given are combinations of the statistical and systematical ones. An additional
error of 3.3, 4.2 and 12 pb due to the beam energy uncertainty applies to all entries for the collision energy of /S = 7,8 and 13 TeV, respectively. The quoted values are

rounded for the purpose of a compact presentation.

Cross section (pb)

VS (Tev) 7 8 13
Experiment ATLAS CMS ATLAS CMS ATLAS CMS
Decay mode dilepton + jets 181+ 11 [33] 174 £ 6 [34] 245 +9 [34] 746 £ 86 [35]
dilepton + b-jet(s) 183 +6 [36] 242 49 [36] 818 £ 36 [37] 793 + 44 [38]
lepton + jets 162 + 14 [39] 260 = 24 [40] 229 +15 [39] 836 + 133 [41]
lepton + jets,b — p v X 165+ 17 [42]
lepton + 7 — hadrons 183 £ 25 [43] 143 £+ 26 [44] 257 £ 25 [45]
jets + T — hadrons 194 49 [46] 152 +34 [47]
all-jets 168 & 60 [48] 13928 [49] 276 + 39 [50] 834713 [51]
Table 3 o
Results for the running mass m¢(m;) in the MS scheme from the data listed in Tables 1 and 2 using different PDFs.
Channel ABM12 [21] ABMP15 [52] CT14 [55] MMHT14 [56] NNPDF3.0 [57]
tt 158.6 0.6 158.4+0.6 164.7 £ 0.6 164.6 +0.6 164.3+0.6
t-channel 158.7+£3.7 158.0+3.7 160.1£3.8 160.5+3.8 164.0+3.8
s- & t-channel 158.4+3.3 157.7+£3.3 159.1+34 159.6 £3.4 162.4+3.5

bers reported in Ref. [10] implicitly depend on the perturbative
accuracy of the chosen PDF sets as they have been obtained with
a consistent use of PDFs, i.e. NLO (NNLO) PDFs for NLO (NNLO)
predictions. If we use NNLO PDF sets uniformly at every order for
the cases considered in Ref. [10] we find a reduction of the cross
section by —1.2% at NNLO compared to NLO, independent of the
final state. This illustrates the limitations in accuracy of the rescal-
ing method being at the level of a few per mill for the t-channel
total cross section, which is acceptable because any possible PDF
dependence is small compared to the still sizable experimental un-
certainties.

The cross section measurements of single-top production at the
Tevatron and at the LHC that we use for our analysis are displayed
in Table 1. For s-channel single-top production only Tevatron data
are available. In the t-channel, we combine Tevatron data with the
LHC ones at +/S =7, 8 and 13 TeV. When a separation of t and
final states is provided [26,30,28,31], we employ this information
in our analysis. In this case a correlation between the systematic
uncertainties in the single t- and t-production data are taken into
account using the error correlation coefficients

Cer = (60047)" — 6o — (s07)° | (5)

where §ot, 803, and 8o,,; are the systematic errors in the mea-
sured cross sections for the final states containing a single t-quark,
a t-quark, and either t or t, respectively. The impact of the sys-
tematics correlation encoded in Eq. (5) turns out to be more pro-
nounced for the data samples of Refs. [30,28] and it is marginal
for the ones of Refs. [26,31]. Here, the luminosity errors quoted in
Refs. [28,31] are taken as fully correlated between the separated
final states.

We extract the t-quark mass also from data on tf-production
for comparison. All inclusive cross sections obtained at the LHC at

V/S=17,8, and 13 TeV are summarized in Table 2. These samples
are categorized by the t-quark decay channels containing differ-
ent numbers of the final-state leptons and jets. The systematic
uncertainties in different channels and energies are taken as un-
correlated in general, however, the errors due to beam energy and
luminosity are correlated for the data collected at the same col-
lision energy. In addition to the data listed in Table 2 we also
employ a combination of the measurements in different channels
performed at Tevatron [53] and the recent CMS data [54] for the
ep decay channel at /S =5 TeV.

Our results for m;(m;) from the fit to single-top cross sections
using the different modern PDF sets ABM12 [21]|, ABMP15 [52],
CT14 [55], MMHT14 [56], and NNPDF3.0 [57] are collected in Ta-
ble 3 together with corresponding mass values that are derived
with the help of the tt cross section data. The uncertainties in
Table 3 correspond to the ones which were reported by the ex-
periments for the respective data. In addition, there are theoreti-
cal uncertainties Am; from the variation of the factorization and
renormalization scales in the usual range %mt(mt)f n < 2mg(my)
for ;4 = g = wr. These are small and process dependent, but oth-
erwise largely independent of the precise numerical value of the
top-quark mass or of the specific PDF set considered in Table 3.
We can quantify the effect of the scale variation on the extracted
top-quark mass in the MS scheme as Am; = £0.7 GeV for the tt
total cross section, see e.g. [21]. Fits of the MS mass to Tevatron
cross section data [58] for the respective scale choices show mass
uncertainties of Am; =+0.9/ — 1.0 GeV when our aNNLO approx-
imation is used in the s-channel. In that case we have to account
for an additional Am; = 1.0 GeV from the systematics of the
threshold approximation used to define the aNNLO s-channel re-
sult. The latter estimate is based on the accuracy of the threshold
approximation at NLO, i.e., the difference for the cross sections at
the scale = m; obtained either at NLO or at aNLO, cf. Fig. 2. For
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Table 4
Results for meIE for different PDFs from the conversion of m.(m;) at NNLO (in parenthesis at N’LO) using the value of a5(mz) corresponding to the respective PDF set.
Channel ABM12 [21] ABMP15 [52] CT14 [55] MMHT14 [56] NNPDF3.0 [57]
tt 167.3+0.6 167.1+0.6 174.1+0.6 174.0+0.6 173.7+0.6
(167.9+0.6) (167.6 £0.6) (174.7 £0.6) (174.6 £0.6) (174.3+0.6)
t-channel 167.4+3.9 166.7 +3.9 169.3+4.0 169.7 +£4.0 173.4+4.0
(168.0 £3.9) (167.2+£3.9) (169.9 +4.0) (170.3 £ 4.0) (174.0 £ 4.0)
s- & t-channel 167.1+3.5 166.4 +3.5 168.2+3.6 168.7 + 3.6 171.7+£3.7
(167.6 £3.5) (166.9 £ 3.5) (168.8 £3.6) (169.4 +3.6) (172.3+3.7)
- ABMP1S lepton asymmetries from W* gauge-boson production at the LHC
2 . .
o tq + th data, PDFs fixed and Tevatron. In particular, the ABMP15 PDFs find a non-zero iso-

tq data, PDFs fixed

O tq + tb data, PDFs fitted

Lo b b b b b v b b L
150 152.5 155 1575 160 162.5 165 167.5
m(m,) (GeV)

Fig. 3. A profile of x? in a scan over the top-quark MS mass obtained in the
present analysis taking the ABMP15 PDFs [52] and the single-top production data
(solid: combination of the s-channel and t-channel samples, dashes: t-channel sam-
ple only) in comparison with the results obtained in the variant of the ABMP15 fit
with the s-channel and t-channel single-top data appended (squares). The minimal
value sznin ~ 5 is subtracted in all cases.

the t-channel, we determine mass variations at NLO accuracy in
fits to the cross section data that were reported in [32] and subse-
quently take the reduced scale dependence into account that was
found at NNLO [10]. In this way, we arrive at an uncertainty esti-
mate of Am; =+0.6/—0.5 GeV for our result in the t-channel.

Due to the higher abundance of experimental data in the
t-channel, we report results of the mass fit to either t-channel data
alone or the combination of all considered single-top data in s-
and t-channel. The inclusion of the s-channel data favors a slightly
smaller mass value compared to the fit based on t-channel data
alone, cf. also the x?2 plot in Fig. 3.

In order to facilitate the comparison of our results for the top-
quark mass to other studies of m;, for instance an earlier analysis
performed in Ref. [19], we provide a conversion of the MS masses

in Table 3 to the respective pole mass values in Table 4. The result-

. le . . . .
ing pole mass mfoe in the second line is obtained from a scheme

transformation to NNLO accuracy, using the program RUNDEC [59]
and the value of az(myz) of the given PDF set.

Interestingly, the results in Tables 3 and 4 show a significant
spread in the values of m; obtained for the different PDF sets,
but also when considering the different physical processes, i.e.,
the production of tt-pairs versus single top-quarks in the s- and
t-channel. For the PDF set ABM12 we obtain consistent values
of my(m;) in Table 3, i.e., central values of m;(m;)= 158.6 GeV
from the tf data and m¢(m;)= 158.4 GeV from the combined s-
and t-channel data. The results obtained for the ABMP15 set are
very similar compared to those for ABM12. The ABMP15 PDFs
are based on an improved determination of the up- and down-
quarks in the proton with the help of recent data on charged

spin asymmetry of the sea, x(a — u), at small values of Bjorken
X~ 10*4_and a delayed onset of the Regge asymptotics of a van-
ishing x(d — u)-asymmetry at small-x. This affects to some extent
the cross section for t-channel single-top production, but has over-
all little impact on the extracted value of m;(m;) as can be seen
from Table 3.

For the PDF sets CT14 and MMHT14 we find the central val-
ues m;(m¢)= 164.7 GeV and m;(m;)= 164.6 GeV from the tt data.
These are not only significantly larger than the ones obtained with
ABM12 or ABMP15 due to the larger values for as(mz) and the
gluon PDF in the relevant x-range [5], but also much bigger than
and barely compatible with the corresponding ones extracted from
data for the single-top cross sections, m;(m;)= 159.1 GeV and
m¢(m;)= 159.6 GeV. This lack of compatibility at the level of 1o
remains an issue even when considering both the still sizeable
uncertainty on m;(m;) from the precision of experimental data
as listed in Table 3 and the theoretical uncertainty Am; due the
scale variation discussed above. Finally, the m;(m;) values deter-
mined with the NNPDF3.0 set are internally consistent yielding
m;(my)= 164.3 GeV and m;(m;)= 162.4 GeV, respectively, when
using the tt data or the combined s- and t-channel data. How-
ever, they are significantly higher than the ones derived with the
ABM12 and ABMP15 sets, so there is some tension among these
two results. All the observed differences are directly translated to
the on-shell masses listed in Table 4.

Our study has shown that already with currently available
data the top-quark mass can be determined to good accuracy for
single-top cross sections and in doing so we have chosen the MS
renormalization scheme for reasons of better perturbative stability.
The values obtained for the combined s- and t-channel data can
be used to perform internal consistency checks for a given PDF
set when comparing with the ones from tt data. Based on the
dominant soft-gluon corrections we have provided new approxi-
mate predictions at NNLO for the inclusive s-channel single-top
cross section and future theory improvements should complete the
NNLO QCD correction to this process. On the experimental side,
high statistics measurements of single-top production at the LHC
in Run 2 with +/S =13 TeV can help substantially to further im-
prove the precision of the top-quark mass.
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