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We study the impact of state-of-the-art top-quark data collected at the Large Hadron Collider
(LHC) on proton parton distribution functions (PDFs) using the ABMP16 methodology. The
gluon PDF at large x and the top-quark mass value derived from these data are well compatible
with the previous ABMP16 results, but with significantly reduced uncertainties by up to a factor
of two. We discuss the compatibility of different datasets and the compatibility of the fitted PDFs
with other modern global PDF sets.
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1. Introduction

The Large Hadron Collider (LHC) has produced extremely precise measurements of top-
quark production during Runs 1 and 2. These measurements provide important input for testing
perturbative QCD, constraining parton distribution functions (PDFs), and extracting fundamental
parameters such as the strong coupling 𝛼𝑠 (𝑀𝑍 ), and the top-quark mass in well-defined renor-
malization schemes. Differential measurements of top-pair production have significantly improved
during Run 2.

In our work [1] we perform a consistent analysis of modern top-quark observables, focusing
on the extraction of the top-quark mass, the strong coupling and gluon PDF from differential cross-
section measurements. We employ the MS mass scheme, 𝑚𝑡 (𝑚𝑡 ), which provides a short-distance
definition suitable for precision phenomenology and avoids renormalon ambiguities. Our analysis
uses updated experimental data, state-of-the-art theoretical predictions, and a refined treatment of
experimental systematics.

2. Data Sets and Theoretical Framework

The ABMPtt fit includes updated results for the absolute total cross sections for 𝑡𝑡+𝑋 hadropro-
duction at the Tevatron and the LHC. We choose to use the datasets and/or combinations also selected
by the LHC Top Working Group as of fall 2023. These data span a wide interval of

√
𝑆 values,

ranging from 5.02 TeV to 13.6 TeV. The used datasets [2–11] are listed in the website of the LHC Top
Working Group [12]. The fit includes the available datasets of normalized cross sections double-
differential in 𝑀 (𝑡𝑡) and 𝑦(𝑡𝑡) at

√
𝑆 = 13 TeV [7, 13–15]. This is the most detailed information on

top-quark production available at the moment.
We used the codes HATHOR [16] and Fasttop [17] for computing the total 𝑡𝑡+𝑋 cross sections.

For the double-differential 𝑡𝑡 + 𝑋 distributions, on the other hand, we used a customized version
of MATRIX [18] interfaced to PineAPPL [19]. More details on this version and on the interface
can be found in our previous work [20]. The renormalization and factorization scales are fixed
to 𝜇𝑅 = 𝜇𝐹 = 𝐻𝑇/4 in the case of double-differential distributions, where 𝐻𝑇 is the sum of
the transverse masses of the top and antitop quarks

√︃
𝑝2
𝑇,𝑡

+ 𝑚2
𝑡 +

√︃
𝑝2
𝑇,𝑡

+ 𝑚2
𝑡 . For total 𝑡𝑡 + 𝑋

cross sections we use 𝜇𝑅 = 𝜇𝐹 = 𝑚𝑡 . The tables of double-differential 𝑡𝑡 + 𝑋 cross sections
were generated by MATRIX+PineAPPL using as input the top-quark mass 𝑚pole

𝑡 renormalized in the
on-shell scheme. This top-quark mass was then converted to the MS scheme, using conversion
formulas at three-loops, and 𝑚𝑡 (𝑚𝑡 ) was used during the fit procedure.

3. Results

The fit methodology follows Ref. [21]. A comparison of the obtained PDFs for gluon, sea and
valence quarks in the ABMPtt and ABMP16new (the most recent version of the ABMP16 fit without
differential top-quark data) fit for 𝑛 𝑓 = 5 and a scale 𝑄 = 100 GeV is shown in Fig. 1. The gluon
in the ABMPtt fit is slightly smaller than in the baseline ABMP16new fit for 𝑥 < 10−1, whereas it
becomes larger than the baseline at 𝑥 ≳ 0.2, where, however, the uncertainties on the ABMP16new
PDF fit are much larger. Thus, the top-quark data helps to further constrain the gluon PDF and
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to improve its accuracy in the ABMPtt fit. The sea-quark distribution remains approximately the
same in the two fits for 𝑥 < 2 · 10−2, whereas, for larger 𝑥 values, the sea-quark distribution in the
ABMPtt fit is larger than in the baseline. The light-flavor distribution is only moderately affected
by the inclusion of the top-quark data in the fit.
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Figure 1: Ratio of the gluon, sea-quark, valence up- and down-quark PDFs in the ABMPtt fit to the variant
ABMP16new at a scale 𝑄 = 100 GeV for 𝑛 𝑓 = 5. See the text for more detail.

The simultaneous determination of the PDFs, 𝑚𝑡 (𝑚𝑡 ) and 𝛼𝑠 (𝑀𝑍 ) in the ABMPtt global fit
leads to the following results. We obtain for the strong coupling in the 𝑛 𝑓 = 5 flavor scheme at
NNLO the best-fit value

𝛼
(𝑛 𝑓 =5)
𝑠 (𝑀𝑍 ) = 0.1150 ± 0.0009 , (1)

which is very similar to the ABMP16 one 0.1147 ± 0.0008.
For the top-quark mass in the MS scheme [22] we obtain at NNLO the best-fit value

𝑚𝑡 (𝑚𝑡 ) = 160.6 ± 0.6 GeV , (2)

which is slightly smaller, but also well compatible with the ABMP16 one 160.9±1.1 GeV, and with
uncertainties reduced by a factor of approximately two. It corresponds to 𝑚

pole
𝑡 = 170.2 ± 0.7 GeV

in the on-shell scheme, when performing a QCD conversion at three loops.
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4. Conclusions

In conclusions, we have shown that the use of state-of-the-art data on absolute total inclusive
and normalized cross sections double differential in 𝑀 (𝑡𝑡) and 𝑦(𝑡𝑡) in a simultaneous NNLO
fit of PDFs, 𝛼𝑠 (𝑀𝑍 ) and 𝑚𝑡 (𝑚𝑡 ) following the ABMP methodology, leads to a reduction of the
uncertainties by a factor ∼ 2 on both the gluon PDF and the 𝑚𝑡 (𝑚𝑡 ) value, with respect to the
previous ABMP16 fit. The value of 𝛼𝑠 (𝑀𝑍 ) remains essentially unchanged, and its correlation
with the top-quark mass is somewhat decreased. Follow-ups of this work may involve the use of
improved theory predictions, including corrections due to the resummation of logarithms associated
to soft-gluon production close to threshold and below it [23].
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