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Introduction

Why study ¢t production?

@ m; provides a hard scale
= ultimate probe of pQCD
(NLO, aNNLO, NNLO, ...)

@ Produced mainly via gg
= constrain gluon PDF at high x

@ Production sensitive to as and m;

@ May provide insight into possible new
physics
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@ 1D: probe of tf dynamics, extract one input

@ 2D: probe of correlations, access to two inputs

@ 3D: simultaneous extraction of PDFs, s, m’r""e

possible (currently at NLO)
» extended to MS, MSR schemes in JHEP 04

(2021) 043 [Garzelli, Kemmler, Moch, SZ]
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Proton PDFs

H1 and ZEUS
T

@ Parton distribution functions (PDFs) cannot be computed -
perturbatively and must be extracted from data: ep DIS, DY etc.

T
H:=10 GeV?

—— HERAPDF20NNLO

08

@ In this work we focus on gluon PDF: it is a challenge because it
is constrained by DIS data (backbone of PDF fits) only indirectly

> especially at large x (important for BSM searches at LHC)
> in addition, g is strongly correlated with ag

@ Processes to constrain g:

» heavy-quark production: NNLO, but depend on mq
> jet production: larger dependence on NNLO scale choice

@ We focused on double-differential tf LHC data d?o/M(tt)y(t1): B

> M({t) = /X Xz provides sensitivity to m; and PDFs
> y(tf) = JIn % is sensitive especially to PDFs
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Theoretical calculations and scope of our work

@ NNLO calculations for total and fully differential tf (g7 subtraction) are publicly available with
MATRIX framework [Cammerar PRO99 2079) 5. 057501] [Calant el al JHEP 07 (2079, 100

» fully differential NNLO calculations were also published in fzrermermes e JnEP 02 20177077
[CHM], but no public code available (apart from the HighTEA datbase)

NNLO QCD NNPDF3.0
mE9E = 173.3GeV, =y = Hrfd
—— CHM

100 { —— MATRIX ro = 0.0015

~— MATRIX ro = 0.0005

dojdy(t) [pb]
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@ We have interfaced MATRIX (t to PineAPPL interpolation liorary: no NNLO/NLO K-factors

@ Using LHC {t data only, one can focus e.g. on extracting m;
[Garzelli, Mazzitelli, Moch, Zenaiev JHEP 05 (2024) 321 [arXiv:2311.05509]

@ Using more data (HERA, Tevatron, LHC) one can do a global PDF+a.g+m; fit with enhnced
senitivity to m;
[Alekhin, Garzelli, Moch, Zenaiev EPJ C 85 (2025) 162 [arXiv:2407.00545]

do/dM(tt) [pb/Gev ]
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Selection of data: g it i N
@ all measurements of total o(ft): : ‘ ° ° 10 12@ Ue\,lf
» 10 data points, including recently combined CMS+ATLAS cross section at 7 and 8 TeV
@ differential measurements ﬁ d‘;g') which satisfy following criteria:

>
>
>

as function of M(tt) (if available, 2D M(tt) and y(tt))

unfolded to parton level (no cuts on pr, y of leptons or jets): no LHCb data

normalized cross sections (to avoid unknown correlation with total o (ft) and to reduce unknown
correlations between different data sets)

bin-by-bin correlations are available B

for the moment only Run-2 2D data included in the PDF fit (besides the total tt x-section data)

o(tt) 1_do(i?)

Experiment decay channel dataset  luminosity /5 o(tt) dO

combined 2011 5! Experiment  decay channel dataset luminosity /s observable(s) n
combined 2012 20 fb~! C semileptonic  2016-2018 137 fb~1 13 TeV  M(ti), y(tF)| 34
dileptonic, semileptonic 2011 257 ph~1 dileptonic 2016 359 b1 13TeV M(f), [y(tf)| 15
dileptonic 2011 302 pb~! semileptonic  2015-2016 36 b~ 13 TeV  M(tD), [y(tF)] 19
dileptonic 140 b1 all-hadronic  2015-2016 36.1 fb~! 13 TeV M(t), [y(tf)] 10
semileptonic 139 fb-1 dileptonic 2012 1971 8TeV  M(#), [y(i)| 15
dileptonic 359 M1 13 TeV semileptonic 2012 3fb~t 8TeV  M(ih) 6
semileptonic 2016-2018 137 fb~' 13 TeV dileptonic 2012 202" 8TV M(ih) 5
dileptonic 2022 13~ 13.6 TeV ATLAS dileptonic 2011 1671 7TV M(iD) 1
dileptonic, semileptonic 2022 121 b=t 13.6 TeV ATLAS semileptonic 2011 4671 7TV M(H) 4
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Kinematic region probed by tt, DY and Higgs production

LO: x1 2 = (M(tt)/\/3) exp [+y(t1)]

@ Double-differential {f @ 13 TeV probes oas
0.002 < x < 0.7

0.40

> gg contributes ~ 90% s

@ E.g. Higgs production at the LHC probes 0304

X ~ my/+/s ~ 0.01 which is well covered by £,
differential { data g

£ 0.201

@ Energy scales my, My, Mz and m; are similar E ol

@ DY production at the LHC probes a similar region |

X~ mw z/\/s oo

> sensitive to quark PDFs mostly o0
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—— oftf) total, v =13 TeV

—==- 250 <M(tf) <420 GeV, |y(t})| <0.3

250 < M(tD) < 420 GeV, 1.5 < |y(th)| <2.5
-- 1000 < M(tf) < 3500 GeV, 1.2 < |y(th)]| < 2.2
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Sensitivity to PDFs: [CIVIS 2708.02803] vs NNLO predictions

1/o do/d|y(tt)|

Ratio

[Garzelli, Mazzitelli, Moch,

enaiev JHEP 05 (2024) 321]

620 < M(tf) < 800Ge\{ 800 < M(tF) < 1000Ge] 1000 < M(th) < 3500GeV
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250 < M(tt) < 420GeV] 420 < M(tt) < 520Ge\] 520 < M(tt) < 620Ge
10° 4 4 4 4 CMS 2108.02803 13TeV semileptonic
NNLO mPoe = 172.5 GeV u=Hr/4
= = T
%‘)l_o_o-%k)‘_o_ — }g:zg 148
" 7 %L%OIL_ ]
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: pole . . Iy(td)|
@ Fixed m;~" = 172.5 GeV (not always consistent with PDF sets), iy = i =
@ Reported x? values with (and without) PDF uncertainties
@ All PDF sets describe data reasonably well, with best description by ABMP16
» CT18, MSHT20 and NNPDF40 show clear trend w.r.t data at high y(tf) (large x)
7122
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Sensitivity to mP°'®: [CIIS 210002003 vs NNLO predictions

[Garzelli, Mazzitelli, Moch, Zenaiev JHEP 05 (2024) 321]

<

250 < M(tt) < 420GeV] 420 < M(tt) < 520GeV| 520 < M(tf) < 620GeV| 620 < M(tt) <8006ev] 800 < M(tt) < 100069] 1000 < M(tf) < 3500G€
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_ Iy(t)|
@ Low M(t): strong dependence on m{®®via threshold effects
@ Possible bound state effects near the tf production threshold (‘toponium’) are not yet
included: see

Garzelli et al., PLB 866 (2025) 139532 [arXiv:2412.16685]
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NNLO scale variation uncertainties

250 < M(tf) < 420GeV| 420 < M(tt) < 520GeV| 520 < M(tt) < 620GeV| 620 < M(tf) <8006ev| 800 < M(tf) < 1oooee| 1000 < M(tf) < 3500GeV
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© ABMP16, fixed m™® = 172.5 GeV
@ Scale variations with o = Hr /4 for normalised differential cross sections < 1% at low

M(ft) (largest cancellation), reach =~ 4% at high M(tt) (for the total cross sectio

— these data are useful to provide constraints on m; and PDFs
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. 13%
n: Tso)
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Extraction of mP®°using ABMP16 |

ATLAS 1407.0371 —_——

ATLAS 1511.04716 ——
ATLAS 1607.07281 —_——
ATLAS 1607.07281 —_——

ATLAS 1908.07305 —

ATLAS combined
(m‘”’E +exp *=PDF *p)/GeV
= 172.63£0.48+0.12%333 ——

CMS combined
(mf“ +exp +PDF +p)/GeV —e—
= 171.10 +£0.36 +0.09 *319

CMS 1703.01630 ——
CMS 1904.05237 ——
CMS 2108.02803 —e—
PDG2022 m{°=172.5+0.7 GeV —e—
164 166 168 170 172 174
mPoe[GeV]
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Extraction of mP®°using ABMP16 |

mPoe[GeV]

mPoe[GeV]
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ATLAS 1407.0371 —_—— CMS 1703.01630 ——
ATLAS 1511.04716 —_—— ATLAS 1607.07281 —
ATLAS 1607.07281 —— ATLAS 1607.07281 —_——
ATLAS 1607.07281 —_—— CMS 1904.05237 ——
dlleptonlc combined
(mf°® +exp +PDF =p)/GeV
ATLAS 1908.67305 —— ='17073+0.48%0.07 0%  r—e—
ATLA/S combined
(m"OE +exp *=PDF *p)/GeV
0.03 —— semlleptonlc combined —e—
= 172.63+0.48 +0.12*3§3 (mf°*® +exp +PDF = p)/GeV
= 172.20+0.36 +0.10 *3:97
CMS combined
(mf“ +exp +PDF =p)/GeV —— ATLAS 1407.60371 —————
171.10 +0.36 +0.09 *319
CMS 1703.01630 —— ATLAS 1511.04716 ——
CMS 1904.05237 —— CMS 2108.02803 ——
CMS 2108.02803 —— ATLAS 1908.07305 ——
PDG2022 m{°=172.5+0.7 GeV —e— PDG2022 mf°®=172.5+0.7 GeV —e—
T T T T T T T T T T
164 166 168 170 172 174 164 166 168 170 172 174
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I |in ABMP16 PDF fit

CMS (Vs=13 TeV, 137 fb™), pp --> tiX --> ljetX) 2108.02803
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Other {t differential data in ABMP16 PDF fit

ATLAS (Vs=13 TeV, 36 ™, pp --> tiX --> ljetX) 1908.07305 CMS (Vs=13 TeV, 36 fb”, pp --> tiX --> I'TX) 1904.05237
; b s [ o ; ois £ 300 M0 Gev |- 400 M50 Ge
= 01 F - =
g ,Lb;s\&ﬁ S zE 3
Z ML‘ | i Z = jL, Wt ~
T o p 3 f’ = o0s | 3
g Ed ABMP16newsCMSL3, |
2 E0 iy e st e owsny, “E
I L ATEAS] O T I
2 b vt Pooytrdvies o s 500 <M, <650 GeV |- 650 <M, <1500 GeV
Gl ] Z uf 3
TowME g\\‘\i& 3 o0s £ E
o i .05
= ! o %@:
01 F R E E
wf 3 sk i
e e e T
o s w0 1sw 0 st 100 0s 1 s 2 . oS 152
M, (GeV) M, (GeV) Iyl Iyl
ATLAS (Vs=13 TeV, 36 fb™", pp --> tiX --> hadronsX) 2006.09274
RV 0G0 o) — all data are in agreement with NNLO

+ theoretical predictions and put significant
.

*s% constraints on the PDFs
S ﬁ ... although ATLAS dileptonic vs.

semileptonic data sets have somewhat
il different trends at large M(tt)

.
970 <M<3000 (Ge)

L L
1 2

Iyl
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m;(m;) and o in ABMP16 PDF fit

pp --> X @ Overall, good agreement among m;(m;)
ABMP16newti extracted from different data sets
= @ Good agreement with ABMP16 fit and ~ 50%
reduced uncertainty on m;(m;)
ATLASI3 =1 @ ABMP16new: consistent with ABMP16, but

with extra iteration for DY data

@ Positive corr. between as and my(m;) reduced
with tt differential data (and single t data)

[ ATLAS13,,
F e e e B LA S p p
r best fit ABMPt fit —@—
N 170 1= ABMPtt fit at fixed ag(Mz) @ 7|
r ABMP16new fit at fixed ag(Mz)
[ best fit ABMP16 fit —@—
- CMS13, 168 [ ABMP16 fit at fixed as(Mz) —
C % 166 [ _ % q
L (0]
[ - M
- CMS13;,, —=— % 164 F T L é i
F 5 u ¢
E my(my) = 160.6 + 0.6 GeV. . . ]
b ..pole y
"mn‘mm"mH‘%HHQ.HQ‘.H@?\IQ‘RHH Fﬁﬂ

155 156 157 158 159 160 161 162 163 164 165 160 " g 7

| | | | | | | | | |

m(m,) (GeV)

0.114 0.115 0.116 0.117 0.118 0.119 0.12 0.121 0.122 0.123

as(M7)
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x? for different variants of the ABMPtt fit

Experiment| Data set | Vs (TeV)‘Reference|NDP ¥’
I | II | IO
ATLAS ATLAS 13jes 13 [25] 19 |34.2|127.2] -
ATLAS 13444 13 [26] 10 |[11.8)12.1| —
CMS CMS 13y 13 [24] 15 |21.1| - |199
CMS 13, 13 [22] 34 1422 - |40.8

I: both ATLAS and CMS
II: only ATLAS
lll: only CMS

— Overall good description of data with NNLO theoretical predictions, but some tension
between ATLAS and CMS differential ¢f data is noticeable
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Fitted gluon PDF

n=3 GevV
S 150 [ ABMP16new+ATLAS13+CMS13 200
é - ABMP16_5_nnlo
= ABMP16new+ATLASI3,,,,..4 175 — ABMPLE S anlo
390 LSSSI ABMP16new+CMS13,,. 271 —-- CT18NNLO
) —-- MSHT20nnlo_as118
o0 1509 _._. NNPDF40_nnlo_as_01180_hessian
< L
50
12,51
0 == £ 1001
<
=50
100 |
-150 C L L L L L L
0.2 03 04 0.5 0.6 0.7 10°
X X

@ Significant reduction of the gluon PDF uncertainty once differential tf data are included
@ The fitted gluon PDF is consistent with ABMP16

@ Fitted ag(Mz) = 0.1150 £ 0.0009 in ABMPtt (vs fixed ag(Mz) = 0.118 in other fits)
— we have confirmed ABMP16 gluon and ag with new data
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Application: Higgs x-section with modern PDFs

N4LOsv
0.9
50.8+£1.9)709

N3LO
( (49.6+2.6)70% | (

ABMPU (45.0£4.6)08 | (492£2.6)707 [ (504£1.9)70F
CTISNNLO (474+£5.0)715 | (520£2.9)715 | (534£2.1)7]3
MMHT2014nnlo68cl (477510708 [ (523+£2.9)707 | (53.8+2.2)707
( ( (

( ( (

( ( (

( ( (

PDF Name
ABMP16

N2LO
45.41£4.6)707

MSHT20nnlo_as118 47.4%5.1)707 | (52.0£2.9)70¢ | (53.4+2.1)708
NNPDF40_nnlo_as 01180 | (47.8+5.1)703 [ (524+2.9)703 | (53.8+2.2)703
PDF4LHC21 40 47.6+5.1)75% 53.7+£22)09

52.3£2.9)07
MSHT20an3lo_as118 45.0+£4.8)707 | (49.4£2.8)707 [ (50.7£2.0)707

Table 1: Higgs cross-section along with the absolute error obtained from seven-point scale varia-
tion around (up¢,upS) = (1,1)my; as well as intrinsic PDF uncertainty using LHAPDF. /S = 14
TeV, og from LHAPDF (NNLO value).

@ [Das, Moch, Vogt, Phys.Lett.B 807 (2020) 135546):

> N4LOsv: soft virtual ggF corrections at 4 loops
> N3LO: effective theory for m; > my

> N2LO: full theory for my < m;
— apparent convergence of perturbative series

@ NA4LOsv estimates missing higher-order corrections: 2%
@ Larger differences originate from PDF + ag sets:
7% (1995) — 12% (2020) — 7% (2024) — ???

a
& AN oo ]
r \ N
5 N NS
© 40— AN =
L N 3
35/ __ N°LO,, ]
30
2505

ret

Q? = 10000 GeV?
1.6 42, ABMPHE
ScT18

H# MSHT20

— NNPDF40

ES

xg(x,Q)/xg(x,Q)
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PineAPPL grids for 2D {t & xFitter

@ PineAPPL grids store genuine NNLO predictions with their exact PDFs, ag, 1,  dependence

» 2 x 10" events (5 x 10'2 weights): 2M CPU hours, or 3 months of real time

» numerical uncertainty in bins < few %o

> the grids were produced for 165 < mf’o’e < 177.5 GeV with 2.5 GeV step
» all grids occupy 6 GB

@ fine binning in M(tt) abd y({t) which is suitable for all existing Run 1 and 2 ATLAS and CMS

measurements at parton level via re-binning

> can be used at another /s and for another (slightly) different binning via intepolation
— hopefully, can be used for Run-3 measurements

@ our grids are publicly available via Ploughshare + xFitter example how to use them:

> https://gitlab.cern.ch/fitters/xfitter
» not affected by the rapidity distribution feature, which affected

CMs pp nnlo 13TeV ttbar-mt1650 MATRIX
cMs pp nnlo 13Tev ttbar-mt1675 MATRIX
cMs pp nnlo 13TeV ttbar-mt1700 MATRIX
cms pp nnlo 13TeV ttbar-mt1725 MATRIX
cMs pp nnlo 13TeV ttbar-mt1750 MATRIX
cMs pp nnlo 13TeV ttbar-mt1775 MATRIX

XFitter

XFitter

XFitter

xFitter

XFitter

xFitter

2108.02803

2108.02803

2108.02803

2108.02803

2108.02803

2108.02803

official MATRIX and was fixed only very recently
xfitter-cms-ttbar-mt1650-aniv- F'ZT
2108.02803
xfitter-cms-ttbar-mt1675-arxiv- X / 8,'
2108.02803

xfitter-cms-ttbar-mt1700-ariv-
2108.02803

xfitter-cms-ttbar-mt1725-arxiv-
2108.02803
xfitter-cms-ttbar-mt1750-arxiv-
2108.02803

xfitter-cms-ttbar-mt1775-arxiv-
2108.02803
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Importance of non-linear effects

PDF profiling PDF fit pp->tiX

ABMP16new-+ti

ATLAS 1407.0371 — e r
ATLAS 1511.04716 —— E
{(ATLAS —=— )
ATLAS 1667.07281 ——— [
ATLAS 1607.07281 —— L
F ATLASI3,,
( ATLAS 1908.07305 —— ) r
ATLAS combined L
(mP® +exp +PDF +p)/GeV r
= 172.63£0.48£0.12*0% =] L
MS_combined [ CMS13, )
(mf°® +exp +PDF +pu)/GeV —— E
=171110+0.36 £ 0.09 319 5
CMS 1703.01630 — L
[ cms13,, —=— )
(ovs 100405237 —e— ) f b
( CMS 2108.02803 —.— F
PDG2022 m{°*=172.5+0.7 GeV —— L ) ) ) ) ; i | ) )
164 166 168 170 172 174 155 156 157 158 159 160 161 162 163 164 165
pole
mf[GeV] m(m,) (GeV)

@ PDF profiling: linearised problem + assume perfect data/theory compatibility
@ Sometimes there are large differences between central values and uncertainties

@ NNLO/NLO K-factors are also linearisation (neglect dependence of NNLO/NLO on PDFs)
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Discussion of uncertainty treatment

@ Experimental uncertainties:

> only two data sets (CMS dilepton Run 1, CMS dilepton Run 2) report source by source
systematic uncertainties

» all other data sets report covariance matrices: it is even not possible to separate
systematic correlation from statistical (unfolding)

» for some data sets (ATLAS l+jet Run 2, ATLAS dilepton Run 1 (8 TeV)), covariance
matrices are not singular as they should be for normalised x-sections (one degree of
freedom is lost): numerical inaccuracy?

> we tried to minimize the impact of the lack of experimental systematic
correlations by using the total x-section and normalised differential x-sections:
many systematic uncertainties cancel for normalised x-sections, but:

— please always report covariance matrix from unfolding and source by source
systematic uncertainties

— please specify the sign of systematic variation (e.g. scale varied up or down)

— if some systematics is calculated as envelope of several variations, please report
every variation

— for covariance matrix, please do some basic consistency checks (positive
definiteness, singularity if normalised x-sections etc.)

— if possible, provide statistical correlations between various 1D cross sections
(ATLAS l+jet Run 2, but with some caveat: see talk by Taras Sliusar)

@ Work in progress on producing ntuple with {f events which will enable quick computation of
any distribution at NNLO with a small numeric uncertainty
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ABGMZ25: global PDF+as+m; fit of high energy data ExXiv251027439

@ NNLO QCD + LO QED PDF evolution

@ Updated data sets: latest HERA charm+beauty & LHC total f and DY data

@ More flexible PDF parameterization

@ Discarded higher-twist effects by using higher energy HERA data with virtuality Q% > 10

GeV?
inclusive Fp DIS
S
o 10"
€ E osLAC
5> F
r 0O BCDMS
10 -
- ¢ HERA
103?
10°
10 2
E X0 o
R e AR A . G
10° 10 10° 102 10!

X
S. Alekhin, M.V. Garzelli, S.-O. Moch, S. Zenaiev S top-quark mass in the global ABMPt/ABGMZ25 20/22


https://inspirehep.net/literature/3072972

ABGMZ25: global PDF+as+m; fit of high energy data ExXiv251027439

otz ABGMZ25 - ABGMZ25
PE «  DIS+DY-+-quark 3 E u  DIS+DY-+-quark(int +diff.)
& 012 o DIS+DY(nonLHC/Tevatron) = 1645 o DIS+DY+t-quark(int.)
= E o DIS+DY(nonLHC/Tevatron)+t-quark E_ 164 ‘ o DIS+DY+t-quark(diff.)
0119~ o v W(DIS)>1.8 GeV,HT fitted E 7 ‘ v ABMP16
ottsb I 4 ABMP16 1635 { s ABMPIGtt
e | | 163 T ‘ preliminary
onr | 1 16250
0116~ ‘ 162/ T J
0.115; ﬁ J" F 161 5; ‘ ‘ %ﬂ
ot | ) wE W [
£ 160.5—
0.113 I E h
S U YRR | AR | Y 16061 Ll | | L
2 4 6 8 10 12 2 4 6 8 10 12
QG (Gev)) Qin (GeV)

@ 2 > 10 GeV?: higher-twist effects are suppressed
@ ag(Mz) =0.1152 + 0.0008
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Summary and outlook

@ ABMPtt NNLO fit includes latest ATLAS and CMS data on t production

> | X |

» done at exact NNLO for ft (no K factors etc.)

» uncertainty on m;(m;) and gluon PDF is reduced by up to a factor of 2 w.r.t ABMP16

» our PDFs and theory grids used for this work are available
https://lhapdf.hepforge.org/lhapdf5/pdfsets
https://ploughshare.hepforge.org
https://gitlab.cern.ch/fitters/xfitter

@ New ABGMZ25 QCD+QED NNLO fit was recently completed:

» [@rXiv:2570.27435
> PDF grids etc. will be released soon with a follow up paper

Outlook

@ Differential measurements of f production seem to show some tension

» ATLAS+CMS effort on combining differential {f data will be useful
» more information on experimental correlations should be reported

@ LHCb covers a complementary kinematic region sensitive to higher x, but no
measurements unfolded to parton level (without cuts pr, y of decay products) were done

» would be useful to have such measurements from LHCb
@ It would be very nice to have NNLO differential calculations for ft+jets
» would allow direct constraints on ag
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https://inspirehep.net/literature/2803532
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https://ploughshare.hepforge.org
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https://inspirehep.net/literature/3072972

BACKUP
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ABMPtt PDFs at 1, ~ m;
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ABMPtt vs ABMP16
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Data in ABMP16 fit [Alekhin et al., arXiv:1701:05838] (1)

[Experiment [ Process [Reference[NDP| 4 |

DIS

HERA [+11 epoe'x | (@ | 1es|isio
etpoVx

BCDMS wp—u'X | 61 [ 3s1]401

NMC wp—tX | 600 | 245343

SLAC-49% epoex | 5462 | 38 | 59

SLAC-49h epoex | 362 | 154171

SLAC-87 epoex | 362 | 109] 103

SLAC-89b R e poex | (560620 | 90 | 79

DIS heavy-quark production

HERA [+11 epseteX | 63 | 52| 62

HI ecposenx | (B |12 ] s

ZEUS epoetbX | (18] | 17 ] 16

CCFR Spowex | 64 |89 |62

CHORUS ypouteX | (8 | 6 |76

NOMAD ypoteX | [ | 48 | 59

NuTeV Voprex | 6@ |89 | a9

DY

FNAL-605 pCu— x| 671 [ 119] 165

FNAL-866 ppoppx | (681 | 39 | 53
pD—ppX

Top-quark production

ATLAS, CMS pp—tgX 27320 | 10 | 23

CDF&DO potX | 53 | 2 |11
Pp— X

ATLAS, CMS ppoiix | 3352 3 ] 13

CDF&DO pp— 1iX 3 |1 o2
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tt and single top LHC data have been

updated to latest LHCTOPWG:
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Data in ABMP16 fit [Alekhin et al., arXiv:1701:05838] (2)

Experiment ATLAS CMS DO LHCb
Vs (TeV) 7 13 7 8 1.96 7 8
Final states WSy | Wooly | Wouty | Wop'y | Woopty | Whoe'y | Wop'y | Zoete | Wty
W-olv | Wby | Wouy | Wouy | Wouy | Woeyv | Wouy W= -y
Z-Ir Z-10r (asym) (asym) (asym) Z—ptu Z -t
Cut on thRlepton Py Pl >20 GeV| P4 >25 GeV| P} > 25 GeV| P} > 25 GeV | P} > 25 GeV| P§ > 25 GeV | P > 20 GeV | P4, > 20 GeV| P} > 20 GeV
Luminosity (1/fb) 0.035 0.081 4.7 18.8 73 9.7 1 2 29
Reference 1661 261 241 221 211
NDP 30 6 11 13 31 17
present analysis ¢ 31.0 9.2 22.4 16.5 17.6 19.0 45.1 21.7
- - - - 20 29 - - -
42 - - - - 347 - - -
X JR14 8] - - - - - - - - -
HERAFitter - - - - 13 19 - - -
MMHT14 [9] 39 - - - 21 - - - -
NNPDF3.0 [10] 354 - 18.9 - - - - - -

“ The ABMI2 [I] analysis has used older data sets from CMS and LHCb.
? For the statistically less significant data with the cut of Pi.>35GeV the value of ¥* = 12.1 was obtained.

TABLE VI: Compilation of precise data on W- and Z-boson production in pp and pj collisions and the x? values obtained for these data sets in different
PDF analyses using their individual definitions of y2. The NNLO fit results are quoted as a default, while the NLO values are given for the CJ15 [6] and
HERAFitter [197] PDFs. Missing table entries indicate that the respective data sets have not been used in the analysis.
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o(tt) and single t in ABMP16 PDF fit

X (t+t)X
© Tevatron
ATLAS, e
[PLB 848,138376 (2024)]
4 LHC s=7 TeV [ ATLAS, t-channel

[ CMS, ep&eedupdlepton jets [ATLAS-CONF-2023- 026]

[JHEP 08, 204 (2023)] .

: ® LHC Vs=13 TeV
ATLAS, lepton jets p
—e—— O LHC\s=13.6 TeV

[PLB 810, 135797 (2020)] i U\/Is t-channel
| ATLas, e 4‘7 [PLB 800, 135042 (2020)]

[JHEP 07, 141 (2023)] X

CMS, lepton jets e ATLAS&CMS, t-channel o Tevatron

[PRD 104, 092013 (2021)] : B [JHEP 05, 088 (2019)]

CMS, e . Ao LHC Vs=7 TeV
L —o—-

[EPJC 79, 368 (2019)] .

LHC, combined [ ATLAS&CMS, t-channel o o

JHEP 07,213 (2023 [JHEP 05, 088 (2019)] ® LHC Vs=13 TeV
L LHC, combined A

”““’“"’2” 03] . [ CDF&DO, t-channel .

ATLAS, eu&ee&qip&lepton jets [PRL 115, 152003 (2015)]

(JHEP 06, 138 (2023)]

CMS, ep&lepton jets
r [ CDF&DO, s-channel

[JHEP 04, 144 (2022)] — O

[PRL 115, 152003 (2015)]
CDF&DO, combined
[PRD 89, 072001 (2014)]
Il Il 1 Il Il Il Il Il Il Il Il Il Il
0.3 0.2 0.1 -0 0.1 0.2 0.3 -1 -08 06 -04 02 -0 02 04 06 08 1
data(c)/Fasttop-1 data(c)/Hathor-1
@ good description of total {t and single t data
@ single t data provide additional constraint on m; (less correlated with g and ag)
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Variation of r cut, validation vs JHEP 04 (2017) 071 by Czakon et al. [CHM]

NNLO QCD NNPDF3.0
mPe = 173.3GeV, i, = pr=\/mZ + pE. 12

Good agreement < 1%
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r cut variation in bins of TOP-20-001

. | 250 < Mith) < 420GeV 420 < M(t) < 520GeV 520 < M(th) < 620GeY 620 < M(tf) < 800GeY 800 < M(tt) < 1000Gq 1000 < M(t}) < 3500dev
10°4 1 1 1 NNLO QCD ABMP16
mPo =172.5GeV, i, = i, = Hr/4
3 —— rp=0.0015
8
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E
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)
5]
o 104 4 4 4
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PineAppl vs MATRIX in bins of TOP-20-001 [ABMP16]

. | 250 <m(th) < 420GeY 420 < M(th) < 520GeY 520 < M(tt) < 620Ge\ 620 < M(tf) < 800Ge\ 800 < M(th) < 1000Gq 1000 < M(th) < 3500qeV
10°4 E E NNLO QCD ABMP16
mf°'€ = 172.5GeV, y, = i, = Hrl4
g —— MATRIX
= 10° E E PineAPPL
E
=
3
S)
3 1044 J ] J
1.0075 4 1 1 1
1.0050 4 1 1 1
1.0025 4 1 1 1
°
3 1.0000
o
0.9975 1 1 1
0.9950 1 1 1
0.9925 1 1 1
0 1 2 1 2 0 1 2 0 1 2 1 2 0 2
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PineAppl vs MATRIX in bins of TOP-20-001 [CT18]

250 < M(tf) < 420Ge\| 420 < M(tf) < 520GeY 520 < M(tt) < 620GeY 620 < M(tt) < 800GeY 800 < M(tt) < 10006(-.1 1000 < M(tt) < 3500GeV
10° 4 E E NNLO QCD CT18
mP°'® =172.5GeV, y, = i, = Hrl4
e —— MATRIX
= o5 ] | | PineAPPL
z
=
T
B
3
10* 4 E E E
1.0075 4 1 1 1
1.0050 4 1 1 1
1.0025 4 1 1 1
2
3 1.0000
o
0.9975 4 1 1 1
0.9950 1 1 1
0.9925 4 1 1 1
0 1 2 1 2 0 1 2 0 1 2 1 2 0 1 2

@ grids were produced with ABMP16
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MATRIX vs HighTEA
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