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INTRODUCTION e

ATL-PHYS-PUB-2025-024

Top Quark Production Cross Section Measurements Status: May 2025
» TOp quark measurements: = | —
o - ATLAS Preliminary Theory

- a cross-check of the Standard 5 10° fop- Runi1.2.3 V5=57.8,13,136 TV LHC pp Ve =5 Tev

I\/\Odel v Data 0.255 - 0.2571fb
. - T " EE e o i |
° a.portal for new physics 3 - e

discoveri|es : _ BB Data 202 - 20310
] & n LHC pp Vs =13 TeV i
- a challenge for the theory 10! £ o Kl oaa 1401 -
calculations 5 - o o0 T '
(NLO, NNLO, NNLL, ...) 1 _
A . E i e — ]
- 5 orders of magnitude range of : B T__ _
Cross-sections probed by ATLAS. L - I s |
. Exceptional agreement witf | 2
important contribution from L -_'

Qun 3 (29 fb—1) data t-chan s-chan fid. fid.
/ additional measurements
not yet in the above plot!

s, 2


https://cds.cern.ch/record/2932651

SINGLE TOoP QUARK PRODUCTION CROSS-SECTIONS

ATL-PHYS-PUB-2025-024

ATLAS Preliminary May 2025 -
Single top-quark production —

t-channel

- All three single top quark
oroduction channels measured
oy ATLAS with full Run 2 data
(140 fb):

- s-channel (JHEP 06 (2023) 191)

- tW production (Phvs. Rev. D 110
(2024) 072010)
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--- NLO+NNLL QCD atm, =172.5 GeVH
F-- MSTW2008 NNLO PDF
G —— NLO QCD atm, = 172.5 GeV -
MSTW2008 NLO PDF
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s-channel

t-channel 255 pbj PLB 854 (2024) 138726
® t-channel 4.59 fb™' PRD 90 (2014) 112006

3 t-channel 20.2 fb™ epJc 77 (2017) 531
I t-channel 140 fb™' JxepP 05 (2024) 305

B tW 2.05 fb™' LB 716 (2012) 142

- total
1 stat.
O

0 tW 20.3 fb™' JHEP 01 (2016) 064

Single top-quark cross-section [pDb]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-04/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2019-02/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-44/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-024/

DIFFERENTIAL T-CHANNEL SINGLE ToP PRODUCTION CROSS-SECTIONS

HEP 05 (2024) 305
arXiv:2601.04938 (submitted to JHEP)

- The total cross-sections are measured
o(tq) =137 + 8 pb (5.9%) o(tq) = 84 + 6 pb (6.6%)
o(tqg + tq) = 221 £ 13 pb (61%)

- Good background separation reached using a
neural network.

- First separate measurement of differential
tg and tqg cross-sections at 13 TeV with the full

= - ATLAS | | I\/§=13ITeV,14IO fo!
Run-2 dataset. _8_'_ 3 tq/ iq, PDFALHC21 _
- Also first measurement of the differential N | !
— : : 2 ' o _,lq-- +
tq/tq cross-section ratio. > 7 et }
. o o = l-_‘-+_l
- Good agreement Is observed with theoretical <] | Unfolded data
- L of 1 Total uncertainty -
predictions. 3 o MOEMLO _
_ : . . ... MCFM NLO
- For most measured distributions, the sensitivity . x MCFM NNLO
to differences between the predictions is limitec g — E—
oy the systematic uncertainties. s L S O s
= 0.8}

] ] ] ] ] ] ]
_AD _@o _09 5 5 AD 5 0

e’e p_(torf) [GeV] 4


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2019-02/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-44/

DIFFERENTIAL T-CHANNEL SINGLE ToP PRODUCTION CROSS-SECTIONS

- The measured differential distributions
0%, are also interpreted in an EFT approach
to constrain the Wilson-Coefficient Cé’ql

’ / associated with a four-quark operator.

. High absolute values of Cg’ql//\2 would

175 GeV < pT(t) <215 GeV

S e increase the number of (anti)top quarks
s ® Parton level prediction | oroduced at higher transverse
5 o ' - - (Unf. data)/(MCFM NNLO)

Tot. unc. on (Unf. data)/(MCFM NNLO) momenta.

1.4

Obtained 95% confidence interval

- Selection efficiency Is altered

———————————————— E significantly by non-zero Cg’ql

contributions.

>0 - The 95% confidence level I1s measured

to be \Cg’ql/Az\ < 012 TeV-2.
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- Many full Run 2 (140 fb-)
measurements performed:

- tt+jets, including dedicated ones with

neavy-flavour jets (JHEP 01 (2025) 068,
HEP 08 (2024) 182 Phys. Lett. B 860

(2025) 139177,|IHEP 11 (2024) 101)
arxXiv:250915066)

- Same charge ttf or tf search
(JHEP 02 (2025) 084)

- [Inclusive WWbb final state
(JHEP 02 (2026) 153, arXiv:2510.26476)

- Also first measurement available for
Run 3 together with the ratio to the Z
DOsSoNn production cross-section
(Phys. Lett. B 848 (2024) 138376).

Inclusive tt cross-section o, [pb]

TOP QUARK PAIR PRODUCTION CROSS-SECTION

—h
o
w

—h
o
N

LN

ATL-PHYS-PUB-2025-024

ATLAS
® cu + b-tagged jets

A ] + b-tagged jets
[ + |ets
® combined

)

Vs=13.6 TeV, 29 fb "
Vs=13TeV, 140 fb™"
Vs=8TeV,20.21fb"
Vs=7TeV, 46"

Vs =5.02 TeV, 0.26 fb™

== NNLO+NNLL (pp)
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
m=172.5 GeV, PDF+ a  uncertainties from PDF4LHC21

— e s =
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ELECTRON-MUON DILEPTON DIFFERENTIAL TOP PAIR CROSS-SECTION 7

s By ! ATLAS E arxiv:250915066 (submitted to EPJC)
e L AL
f e T E - Inclusive cross-section measurement in
§ B oo 5 o the ei/ﬁ channel using the full Run 2
< 0E e S dataset:

b - - et o(tf) = 8293 + 111 pb, Ao/o =13% !l

S <800ev | 80<m™<120Gev 120<m” <200Gev im”>200Gev . .

A J’ZPWW .? o 0w 0 2 - Absolute and normalised single and
S oufb X Eme ’ m' i double differential cross-sections for the
; O_;W“"“ﬂ“p"wwoﬂ%*“%*'w wdv N*Wb o tt — eTuFvbb process as a function of
o 08 = single-lepton and dilepton kinematic
: 1:1 & # = ; o M‘_wﬁ ______ *J?: variables.
R i w*‘* 4*+H4+H+4+41 - - Complementary measurement treating
§ (1:331; T e N - both tf and tW events as signal.
g O;“_z':'ﬂvﬂ*%‘"#ﬂ ammm 4*+ w“‘““”’*"ﬁ HH. : *_*f - State-of-the-art generators Powheg
. 08 ,,+,.,P0,Wh,ggvsbéj P D ' * ,,,,, T MINNLO & Powheg bb4l describe the
RFEES - o L 5 data better than Powheg hvg
2 o_fﬂ‘ww W¢M¢w** ”‘“MWMW - (the usual LHC workhorse).

08— . . ... . I B B =

dilepton A¢"":m®* [rad] 7


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2024-12/

DIFFERENTIAL CROSS-SECTION MEASUREMENTS OF WBWB EVENTS (1)

| |HEP 02 (2026) 153
- Two dedicated measurements of coherent 2rXiv-2510 26476

oroduction of singly and doubly resonant  (sybmitted to |HEP)

top-quark in W W~ hbb events performed,
with one lepton and two leptons in the final state.

- Focusing on the m,,, as the proxy for the interference
between tf and tW events.

- The combination yielding the lowest mass in the single-
lepton channel.

- The "“minimax” variable in the dilepton channel:

minimax __ ;
m, = min (max(mblfl, mbzfz), max(mblfz, mbzfl))
« None of the models describe the tails of the

distributions well.
- Different models describe different distributions better.

- Even the new bb4l model (tested in the dilepton
channel) fails to describe the minimax variable well.

e =L A R AL L L A L AL B =
% 102 ¢ Data .
©) = Uncertainty =
S 10c Unc. w/o DR/DS —
ke = -»- PH+PY8 DR 7
< 1k ~+ PH+PY8 DS —
O - ~ PH+H7 DR S
5 1071E ~+ PH+PY8 DR =
e, (MINNLOPS) 5
1072 ¢ 5
10°E i -
10 - =
10_5IIIIIIIIIIIIII,IIIIIIIII!IIII_
c:s I _
+ 1.5
O
IR e J—— -
S "
s e
0 100 200 300 400 500 600
mi'" [GeV]
e L L L N L B LA BN L BN
102%_ ATLAS ¢ Data _%

= _ -1 Uncertainty =
- s=13TeV, 1401b Unc. w/o DR/DS =

= Inclusive region -« PH+PY8 DR

do / dx [pb/GeV]
o

16 -+ PH+PY8 DS -
- ~ PH+H7 DR E
107k -+ PH+PY8 DR =

(MINNLOPS)

Pred. / Data

O 100 200 300 400 500 600 700 800 9008
min(bl) [GeV]
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DIFFERENTIAL CROSS-SECTION MEASUREMENTS OF WBWB EVENTS (2)

— 0.5 R B B B =
= = ata = . . . . .
§064ig§‘1‘§mv,140fb4 “ gnféemngm E » Speclalised selections defined In the single-lepton
w=, . _F Search-like region w PH+PYS DR E .
Ry S chanmnet |
30255k TMiNALOPS) - Search-like region — high m, "

0150 | E . . ] . .

ot | L, E - W-hadronic region — focusing on the hadronic W boson

e I e e reconstruction and related observables
© % . . o o .
g - Search-like reglion very sensitive to the interference
g tofaTE e o - — high DR/DS modelling uncertainty.
& 0.5t e - o

150”200 350 300 350 400 450 500 550 600 + All predictions envelope the data.
mn [GeV] 0

T | Bl e B

- _ -1 ncertain . 9, - s = eV, - ncertain N
%_ 1? V\{é-ha1d3rc;rneic\:/ ,re1;igr]:b IL:,JEC'PV\\'(/S SE/DS E '8_0'08— W-hadronic region . gﬂip\’\\/(/g BE/DS N )
< o PH 1% F -+ PH+PY8 DS i - W-hadronic measurement less
S 107" T PHAHT DR 7 2006 e - PHH7 DR E . . :

e v D ERCIE PH+PYe DR E se?sn ve to the Interference

T : — lower uncertainties.

10731 ~ 0.02- - . . .

é ; : - Showering with Herwig7 and
J?‘Z . R AARARRARRARSARSARARSARRARRARRARAASSARARE the MINNLOPS model agree
8 11 c 12 with the data the best.
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OBSERVATION OF TOP QUARK PAIR PRODUCTION P+PB COLLISIONS 7N

HEP 11 (2024) 1071

- The measurement is performed using 165 nb-1 of p+Pb data collected
by ATLAS at Vsyn = 816 TeV in 2016.

- Top-quark pair production i1s observed with a significance over 50 1n each channel.
. o(tf) = 58.172 nb, Ao/o = 9%

—-4.9
° ° > _I [ | | | | | | | | | | | | | | | [ I_
- The nuclear modification factor also measured S 5ol ATLAS & Data -
p+Pb ® - p+Pb s =8.16 TeV, 165 nb”" It -
th__ § 3001 1£2bingl e+jets Singletop ]
RpA — o 1.090 + 0100, AR/R = 9% @ p Fosth Iww :
APb * 0,7 250 W Wec —
[t - I W+light B}
B Z+b _
UL A R IS SN IR B 200— =Z_+|_C —]
ATLAS p+Pb |[s =8.16 TeV, 165 nb’ - _ -
— lot. (tot.) ( stat.) 150_— -Z+|Ight _
- stat _ {14 1081  +0.13 - Diboson .
1/1b e+jets — o Mﬁ— A% 009 012 - I Fake lepton
+0. +0. 100 AN, tainty —
1015 priets| o 1 206953 51 o oneenany
1£2bincl e+jets FeA u . =0.98 011 tooe 50 _;
1/2bincl u+jets L2 .= 1.00 i8;}3 tgﬁgg 0
+0. +0. < 15: """""""""""""""""""""" ]
201b - o — =123 ‘038 017 ® 1.25F E
o2 bincl Lo 0 = 103 10.20 1013 & 1W/ﬁ’///—#/f%////&///%/?%/ﬂ/%//W////gg
g oY 017 -0.12 8 0.75F E
............................................................ (4v) P N S S S S S S S
Combined | - u, =104 ig;ggl tg;g; S 900 200 300 400 500 600 700 800 900 1000

L L1 TR SN R S AT N T N ot R N S Y N S N L1 L yi
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ToP QUARK PAIR PRODUCTION WITH AN ASSOCIATED BOSON — ToP+X

- Several measurements of top quark pair production with additional bosons were
performed with full Run 2 data:

- fty (JHEP 10 (2024) 191)

- ttZ (JHEP 07 (2024) 163)

- ttW (JHEP 05 (2024) 131)

- High-mass tff ¢~ (Eur. Phys. |. C 85 (2025) 1434)
. ttyy (Phys. Lett. B 874 (2026) 140195)
- ttWj (arxiv:250919038)
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OBSERVATION OF ttyy PRODUCTION e

Phys. Lett. B 874 (2026) 140195
0~ _

W5 Y
9 _ v
. 7 t
- Event selection: b
\\\\‘ b
- exactly 2 1solated photons g~ t y
. bt
- exactly one isolated electron or muon ]
- ey /-veto
- at least 4 jets, of which at least one tagged as a b-jet G T T
P - & -aaae eﬁl e -
- Fiducial cross-section measured S orelmen 7EYf(Ero}1pty>.ofh§rJy
Oj7,, = 242 £ 0.58, Ao/0 = 23% “F post e -
- Ratio to the tfy cross-section also measured o B
_ _ = -3 = O
Rttw/ftaf (3.30 + 0.70) X 103, AR/R =20% 20
- Observed significance of 5.20. 10
£ 1.25F
S sy 47//
® 0.75F
oo B T T ey T 5
:.0 AR(I subleadlng Y) 2


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-03/

- ATLAS managed to ach

extraordinary top quar
measurement precision using full

Run 2 data.
- Many measurements

systematic uncertaint

- Run 3 still ongoing.

- About 415 b1 already available
together with Run 2 — 3x Increase.

- MC predictions more precise than

leve
<

Imited by

es.

NLO are needed for future B
measurements — presented results ;:2;;112;;867343 /
,T]ay I,,elp tO aChleVQ that 2016—-10-21 06:34:07 CEST

13







DIFFERENTIAL CROSS-SECTION MEASUREMENTS OF WBWB EVENTS (3)
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g - : - 2710 =eu, N =2 =
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