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Inclusive top quark production at LHC
Introduction
Top-pair measurements at 13 TeV
Top-pair measurements at 5.02 TeV
Run-1 combination of ATLAS+CMS results
Single top: s-channel with full Run-2 dataset

More information: ATLAS TopPublicResults
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

@}I Introduction — top production at LHC

Top quarks are copiously produced at LHC — some leading-order diagrams

Top-pair: g ¢ .t 9
g,=~ 830 pb @ 13 TeV | 1
gg fusion dominant 9 25555 F g i g

t q t
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t-channel: g,y = 220 pb Wt: g, = 72 pb

=

s-channel: o= 10 pb
Top quarks decay t—Wb, — lvb or qgb

Final states include leptons, missing transverse energy, b-tagged jets and jets
Top pair-production can be selected with high purity, especially in dilepton

But only ~2% produce the ‘golden’ ey final state, so I+jets events also useful
Cross-sections for single top channels are much smaller

Rely on final states with leptons (t—lvb), and need multivariate techniques
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@}I Double-tagging in eu events at 13 TeV
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8¢S (0¢0¢) 080 rd3

— . . ” >_<1 : _
Count e*ut events with 1 or 2 b-tagged jets § 20 ATLAS ® Damaoterds T3
. w = \s=13TeV,36.110" Wi E
Assume top quarks decay independently o3 e E
= mm Mis-ID lepton =
Fit o, and probability ¢, to select and b-tag jet: 1o — rowegirvs
bkg = - nghgg:ws Rngﬁ E
N]_ = Lgtt_ Eeg2fh(1 — beb) + Nl . @aMC@NLO+PY8 *E
2 bk :;
Ng = Loy fegcbfb + N2 8 “0F 3
: . é . o
&0, 1S efficiency to to select the two leptons g 1_2; “Stat. uncert. | | I
1/2 b-tag regions 88/96% pure in top-pair events g osf™ | T
O 1 i ’ 24Nb-lag
Method minimises uncertainties due to top-pair  ¢ategory JsCriEiy (V0
modelling, jets and background Statistics 0.4
Remaining uncertainty dominated by luminosity ~ ToP-Pair modeling —
and top-pair modelling (euy acceptance) Leptons 0.6
ts / b-taggi 2
o = 8264+36+11.5+157+1.9ph  Jer/baodng 0
Backgrounds 0.8

Precise result also used to measure m;*°¢ and

constrain PDFs via ratios o,/o, Luminosity/beam energy 1.9

Total 2.4
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-17/

@}I Lepton+jets events at 13 TeV

Lepton+jets channel uses events with one - i -
. . tt 3630000 +210000 990 000 £ 90 000 980000 £ 100 000
lepton, at least 4 jets and Emss (E oL
Almost 7M selected events, but lower top- ™™™ Se0: 2100 210s 20 005 1000
. . . . . Multijet 210000+ 80000 28 000 = 10000 22000+ 8000
palr purlty than In dllepton SeIeCtlon Total prediction 4540000310000 1110000+ 100000 1070000 + 100000
SeIeCt 3 Slgnal I’eglons _Data _4540886 1100558 1103317 L
. . S/B (%): 80 89 92
. > -
SR1._4JetS,1btaggec_ljet T
SR2: 4 jets, 2 b-tagged jets o 2001 ATLAS #Data [t EREG.
. . - Vs=13TeV, 139 b’ ingle to Hets ]
SR3: 25 jets, 2 b-tagged jets S 180 ghe Somerbkg. nterainy T |
. . . . ] . ) . © 160 Post-Fit —]
Fit to a different discriminating variable in § 1400 1 &
each region, e.g. m;™" in SR2 " e iR
Profile likelihood to constrain physics, 100 E S
detector modelling and background systs. 3 18
60 —] N~—"
Tine = 830 + 0.4 (stat.) + 36 (syst.) = 14 (lumi.) pb . F E
Uncertainties dominated by top modelling 20 "9
- . . @
and jet energy scale — heavy use of jets g g
4.6% uncertainty; factor 2 larger than eu %
g N I | 1

. . - 60 80 100 120 140
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2020-02/

Dilepton events at 5.02 TeV
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ATLAS recorded 257 pb at Vs=5.02 TeV in 20178 | aras

foL Vs=502TeV, 257 pb’
o, ~12x smaller than at 13 TeV, but ggbar fraction - boitF
increased from 11% to 25%, and average x larger

E  Post-Fit

Opportunity for complementary PDF constraints
Small data sample, dilepton channel stat. limited
Increase lepton acceptance (p>18 GeV) 107

Events

107"

Use 85% efficient b-tagging WP (70% @ 13 TeV) E 1|/ /_,_+

FAAAA A ALE A A AAAA A AAAS A IAA A 7

T
® Data 2017
CJtt
Wt E
mm Z+jets 3
Diboson
Em Mis-ID lepton

7/ Systematic unc. 3

40 160 180 200

myy [GeV]
Use ee / uu channels in addition to eu 8 oL ATLAS  eoDmzor
. . . 2 [ (s=502Tev, 257 pb’ Etvtw
Dominant Z—ee/uu b/g, require E;™ss>30 GeV & o, =zes

g
TT1T

Fit m, distribution to determine N,, N, vs. m,
1/2 b-tag samples 60/94% pure tt for |[m,.m,|>10 GeV 107
c.f. 80/96% in eu channel .
o7 = 65.7+4.5(stat.) +1.6(syst.) + 1.2 (lumi.) + 0.2 (beam) pb
Total uncertainty of 7.5%; 6.8% stat, 2.4% syst '
eu channel alone has total uncertainty of 8.4%
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https://arxiv.org/abs/2207.01354

Lepton+jets events at 5.02 TeV

 ATLAS ¢ Data 2017 []tf
{s=5.02TeV, 257 pb”" [ Single top [l W+jets
[ Other bkg. [l Mis-ID lepton

Select events with 1 lepton, =2 jets and =21 b-tag

250

Events / bin

Together with cuts on E;™ss and m W 200 1+t 77, Uncenainty

Post-Fit

6 subsamples with different nyg;, Ny, 4 t0 constrain
backgrounds in profile likelihood fit:

(+2j>1b £+3j1b (43520 £+>451b (+452b £+ >552b

t 194427  310+33  199+24  690+60 318+32 380+ 60
Single top 195 422 98412  38+£5 67+9 2+4  159+27
Wjets 1700+400  690+210 58+23  350+120 30+14 19410 B s ]
Other bkg. 110 +40 55423 72430 20412 35+15  3TE1LT S kst ok g i
Misidentified leptons ~ 250+130 110460 10+5 60 + 30 6+3 8+5 8 0;’ g' ‘ , ‘ ]
Total 9500400 1260210 312+34 1200+ 160 380+£40 430+70 108 0870402 0 02 04 O DToumt
Data 2411 1214 293 1135 375 444 S ol ATLAS e pameor7 ji

2 {s=5.02TeV, 257 pb”" W Single top Wl W-+jets
S/B (%) . 8 25 64 58 84 89 2 o0} I Other bkg. [l Mis-ID lepton |

1+4j2b 7 Uncertainty

i Post-Fit

Fit to output of BDTs based on kinematic info in
each of the six regions

o7 = 68.2 £0.9 (stat.) £2.9(syst.) + 1.1 (lumi.) + 0.2 (beam) pb

Total uncertainty 4.5%, syst. dominated (W+jets)
Slightly smaller uncertainty than the 13 TeV result !

Much less radiation at 5 TeV — smaller top modelling £
uncertainties 08108 06 04 02 0 02 04 06 08 1
BDT output
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https://arxiv.org/abs/2207.01354

@\' Top-pair cross-section vs. Vs
2\ op -

Inclusive tt cross-section O [pb]

Ratio wrt CT14  Ratio wrt PDF4LHC

Combine 5.02 TeV results from both channels with Convino tool
o7 = 67.5 £ 0.9(stat.) + 2.3(syst.) = 1.1(lumi.) + 0.2(beam) pb
Combined uncertainty 3.9%, result compatible with QCD NNLO-+NNLL prediction
Impressive agreement of measurements with predictions from 5-13 TeV

3 [T I | | | | I ! [rrrrprrrTg -
S : 5.02 TeV result added to ATLASpdf21 fit to
- e eu+ btagged jets . show additional constraint on gluon PDF

- e reagediets - 5% reduction on uncertainty at x=0.1
i + jets _
= combined ® .
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Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 - g’: B A I\J
m=172.5 GeV, PDF+0 uncertainties from PDFALHC | B 0% % %% NS
S — '. e NS ’
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https://link.springer.com/article/10.1140/epjc/s10052-017-5345-0
https://arxiv.org/abs/2207.01354

@}I ATLAS+CMS top-pair combination at 7+8 TeV

Legacy ep results from ATLAS+CMS at Vs=7, 8 TeV have been combined
ATLAS measurements used simple tag-counting

CMS used profile likelihood fit inducing post-fit correlations between systematics
Combination of all data at 7+8 TeV using y? minimisation with Convino tool
Careful accounting of correlations between experiments and beam energies

Total uncertainties: arXiv:2205.13830
Uncert. (%) o (7 Tev)  oy(8 Tev) ATLAS+CMS NNLOSNNLL so(my) 20118
ATLAS 3.5 3.2 ATLAS
CMS *36 55 355 s
Comb" Y 2554 ATLAS+CMS — — o

i . LHCfopWG
25/28% better c.f. most precise input
CT14

o (Vs=7TeV) = 1785+4.7pb |
o (s=8TeV) = 243.3t2’_8 pb, | NNPDF3.1_a | |

L v v b v b vy v by v by PR T T T SR N S R
Results compatible with recent PDFs150 160 170 180 _190 240 260
P 5.7 TeV) [pb] 5.(8 TeV) [pb]
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https://link.springer.com/article/10.1140/epjc/s10052-017-5345-0
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-39/

Extraction of m, and ag from 7+8 TeV comb"

Measured o, can be used to extract pole mass m;°'¢, assuming a value of ag
Or vice versa — assume m,”°¢ and extract ag

o, results depend on assumed MC mass as acceptance/kinematics depend on m,
Have to assume m;*°¢ and mMC are equal within a few GeV

e} I N L = — T T T T T T T T T T T T T T ]
= 350 ATLAS+CMS — ATLAS:CMS ] S ooof — ATLAS:CMS ATLAS+CMS -
6" - LHCtOPWG ] o - LHCtopwa ]
B CT14 ] - B CT14 ]
300 . E 300} 22 MMHT14 —
: - NNPDF3.1_a o -
250 v — 250'_ .................... _:
I 4
200_ 2001 e
- . . L L1 L e
150 — —8TeV \-!!!e!!:?;:?;??::vx«"’v ] 150 :;:::::5113:::::: _____ —38 Tev—_
- -7TeV  NNLONNLL ay(m)=0.118 % " NNLO+NNLL m:"l"°= 172.5 GeV 7 TeV ]
165 170 175 180 185 0114 0116  0.118 0.12 0.122
m*® [GeV] og(m)
. 2 £ PDF set n'.'}mle a (my)
Simultaneous ¥ fits to 7+8 TeV oy
. L a, =0.118 £0.001) (m, = 172.5 + 1.0 GeV)
Precision of ~2 GeV on m;P°€, [imited by (@ L ) Oy o
PDF and scale uncertainties on pred” CTl4 174.0 333 GeV 0.1161 Z5 0033
. . 2.1 0.0031
Most precise ag extraction from top events ~ MMHT2014 174.0 133 GeV 0.1160 *5 0030
NNPDF3.1_a 1734 7*)} Gev 0.1170 *09021
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@z"‘ s-channel single top production at 13 TeV

£90000F ' ' ! E
& C ATLAS Preliminary ¢ data 7

Most difficult single-top channel at LHC Eoouonf f5- 13TV, 100" K scmamel

Wijets VR, 1+2j I t-channel ]
q t t_)b h/ 70000 [ .

- Multijet fit Bt
60000 - // I Wijets E

p red I Cted W 50000 ;,z/ = fﬁ;tjse‘ Diboson
0'5:103104 pb 40000

777 Uncertainty
30000 W+ets

) i 20000 Z validation 7
10000 ' :

Select events with lepton + 2 jets, both b-tagged
E,Mss>35 GeV and m;"V>30 GeV, veto 2" lepton

|

Data / Pred.

130k events selected, 3% s-chan, 60% top-pair o;asm ooz ome ot 013 10
Matrix-element based likelihoods for signal/bkg §ocbamas Famea' 4
Convolution of diff. x-sec and transfer function, 250*;\/.::1 EE}"’hI |
based on reconstructed event kinematics X 200 mww

1 don W Uncoainy
PX| Hproc) = fd@ proc Ty ,OC(X| ) 100 top-pair :
THye AP p validation ]

Compute per-event signal probability P(S|X)
Modelling checked in validation regions for

WH+jets (looser b-tag) and top-pair (3 or 4 jets) | v
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-030/

s-channel single top production at 13 TeV

Fit to P(S|X) distribution in SR constrains main backgrounds, extracts signal

Normalisation factors for top-pair 0.81+0-13 ,
s-channel cross-section measured to be ¢.=8.2

and W+ijets 1.37+0:35 |
+ 0.6 (stat) *34, ¢ (syst) pb

Largest uncertainties from top-pair normalisation and jet energy scale
S/B around 10% in highest-purity bins

Observed significance 3.30 compared with expectation of 3.90
Compared to obs. 3.20 / expected 3.90 at 8 TeV where S/B is more favourable

Event yield

Process Pre-fit Post-fit
s-channel 4200+710 37001100
t-channel 1300042000 15000 £ 2 300
tW 3680970 4250+1100
tt 76 000 12000 706004200
W+jets 21 500 +=2900 32200+£5000
Z+jets, VV 2400 +£1400 2900 £+ 1600
Multijet 2150+ 650 1700 £ 540
Total ‘ 12300017000 130310+620
Data ‘ 130310
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Single top-quark cross-section [pb]

s-channel, t-channel and Wt measurements

13 TeV t-channel and Wt measurements still based on 3.2 fb! from 2015

ATLAS Preliminary June 2022
Single top-quark production

t-channel

I

IIII'I|

10°E
B e === NLO+NNLL QCD at m, = 172.5 Gev]
T ) ,§‘ MSTW2008 NNLO PDF
B ~—— NLO QCD atm, = 172.5 GeV
10 _ MSTW2008 NLO PDF

\

s-channel
8§ t-channel 4.59 fb' PRD 90 (2014) 112006
B t-channel 20.2 fb™' epJ c77 (2017) 531

I t-channel 3.2 fb™' JHEP 04 (2017) 086

B tW2.05fb" pLe 716 (2012) 142

0 tW 20.3 fb™" sHEP 01 (2016) 084

T tW 3.2 fb™" uHEP 01 (2018) 063

T TTT

E s-channel 20.3 fb™' pLe 756 (2016) 228
I s-channel 139 fb™" ATLAS-CONF-2022-030

¥ s-channel 95% CL limit 0.7 fb ™" ATLAS-CONF-2011-118

|
7 8 9 10 11 12

1 I3
(s [TeV]
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o(13 TeV) stat, syst, lumi (pb)
t-channel 156 + 27 £ 3 (1)

91 =4 + 18 = 2 (t~)
Wi 94 + 10%28 ,, + 2
s-channel 8.2 = 0.6 34 , ¢
top-pair 826 =4 + 12 + 16

Inclusive measurements are
all systematics limited

Good agreement with QCD
predictions at NLO to
NLO+NNLL

Including Vs dependence

12



) Conclusi
@ oncliusions

Inclusive top-pair cross-section measurements reaching maturity at Run-2
Precise measurements in eu (2.4%) and lepton+jets (4.6%) channels at 13 TeV

Now joined by competitive measurements at 5.02 TeV, complementing earlier
Run-1 measurements at 7 and 8 TeV, where ATLAS+CMS have been combined

All measurements in good agreement with QCD NLLO+NLLL predictions, over >1

order of magnitude
Can extract m° or ag, or constrain PDFs
Measurements more precise than theory — need even higher-order calculations?

Single top measurements more difficult due to large backgrounds
s-channel measurements reached 30 significance at 13 and 8 TeV
Full Run2 t-channel and Wt results still to come

A wealth of differential measurements also available ...

See Friday talk from Christopher Garner

More details at TopPublicResults
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https://agenda.infn.it/event/28874/contributions/168897/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
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Backup slides
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Backup slides

Richard Hawkings
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@z"‘ Beyond inclusive cross-sections ...

. . . = A L B B L B BN
Large data samples — differential cross-sections & 2 AT oV, 561 1" m
Compare to predictions of MC generators and fixed- 10 ¢ spmezoisie 3 | O
order QCD calculations g B Corioceité SRS N PN
E.g. in eu channel, precise measurements of final 2 | R R
state lepton kinematics 0 | LS
Baseline Powheg+Pythia8 predicts harder lepton p; - T ' I (@)
spectrum than seen in data I T 15
104 I— i = N~
= = 1 L L I & ] -
E 1? ATLAS i LE\?\}aG+PY8 X 3 I I I ‘ I _ 8
- - {s=13TeV,36.1fb" ..... NNLO (NNPDF3.1) S "“F el ] o0
[Tl g 10" Resolved -t R e I oo
E ;-= ; Full phase-space Scale+PDF unc. B " . o 3-0 .
@] G’: 1072? Lepton p'T [GeV]
S F In lepton+jets channel, fully reconstruct top-pair
o 0 3 Unfold to ‘parton-level’ top quarks
= 104 Many measurements of 1D and 2D distributions
= - E.g. 1D top-quark p; well described by
B 10° Powheg+Pythia8 and NNLO fixed order
o 8. e Efforts now focusing on ‘boosted’ regime with
E 8 081 E, " "““:““-“ -,','f,',‘!',,',‘,‘,,',,',“,E!,‘,!!,‘,E!l?‘,!!!!!!!‘,!!,‘,!!,‘!,‘,,‘,,‘ h Ig h pT CO I I I m ated to p q u ar k d ecays
0 200 400 600 800 1000 See Friday talk from Christopher Garner
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-15/
https://agenda.infn.it/event/28874/contributions/168897/
https://agenda.infn.it/event/28874/contributions/168897/

‘—i 13 TeV dilepton uncertainty breakdown for o,

. . Uncertainty source A€epl€ey AGep/Gey  ACLICp | Aoyi/oyg Acr:-l[_d/af';'
Uncertainties for (%) @) ) | () (%)
Data statistics 0.44 0.44
Efficiency o, FECONSLIU ction timod. 17 generator 0.38 0.05 0.05 0.43 0.10
. . H . . 17 hadronisation 0.24 0.42 0.25 0.49 0.67
effICIGHCy Ge fOI’ fldUC|a|, Cb Initial/final-state radiation 0.30 0.26 0.16 0.45 0.41
. K ) ) 1t heavy-flavour production 0.01 0.01 0.26 0.26 0.26
Inclusive and fiducial cross- Parton distribution functions | 0.4 0.05 ; 0.45 0.07
. Simulation statistics 0.22 0.15 0.17 0.22 0.18
SeCtIOHS Lept. Electron energy scale 0.06 0.06 - 0.06 0.06
] Electron energy resolution 0.01 0.01 - 0.01 0.01
C ate g ories: Electron identification 0.34 0.34 - 0.37 0.37
Electron charge mis-id 0.09 0.09 - 0.10 0.10
I Electron isolation 0.22 0.22 - 0.24 0.24
tT mOdelllng Muon momentum scale 0.03 0.03 - 0.03 0.03
Leptons - efficiency, energy ittt B TS L R I C S
I I I Muon isolation 0.16 0.16 - 0.18 0.18
scale/resolution, isolation e e e _ oo
: Jet/b Jet energy scale 0.02 0.02 0.06 0.03 0.03
‘]ets and b-tagglng Jet energy resolution 0.01 0.01 0.04 0.01 0.01
Pileup jet veto - - - 0.02 0.02
Backgrounds bagaing effciency - -~ 0w | 02 ox
. . b-tag mistagging - - 0.06 0.06 0.06
LumanSIty a.nd Ebeam Bkg. Singﬁe-top flisf—section - - - 0.52 0.52
Single-top/tf interference - - - 0.15 0.15
Single-top modelling - - - 0.34 0.34
Z+jets extrapolation - - - 0.09 0.09
Diboson cross-sections - - - 0.02 0.02
Diboson modelling - - - 0.03 0.03
Misidentified leptons - - - 0.43 0.43
Analysis systematics 0.91 0.75 0.44 1.39 1.31
L/Ey Integrated luminosity - - - 1.90 1.90
Beam energy - - - 0.23 0.23
Total uncertainty 0.91 0.75 0.44 2.40 2.36
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13 TeV lepton+jets uncertainties and pulls

Category A;;;;d [%e] % [Fe]
Signal modelling
tt shower/hadronisation +2.8 +2.9
it scale variations +1.4 +2.0
Top pr NNLO reweighting  +0.4 +1.1
tt PDF +1.4 +1.5
Background modelling
MC background modelling  +1.8 +2.0
Multijet background +0.8 +0.6
Detector modelling

Jet reconstruction +2.5 +2.6
Luminosity +1.7 +1.7
Flavour tagging +1.2 +1.3
EF" + pile-up +0.3 +0.3
Muon reconstruction +0.6 +0.5
Electron reconstruction +0.7 +0.6
Simulation stat. uncertainty  +0.6 +0.7
Total systematic uncertainty — +4.3 +4.6
Data statistical uncertainty +0.05 +0.05
Total uncertainty +4.3 +4.6

7th July 2022

Pre-fit impact on 6, /oPr A, /o

- |e=8+A6 0=06-A06 -0.04 -0.02 0 0.02 0.04
Post-fitimpactonc, /oPed [T 7 T T T T T T T T T T T
6 =08+A0 0=0A0 | ATLAS

—e— Nuis. Param. Pull

Shower model incl. acceptance
Luminosity
Shower migration parameter

FSR model SR1
Top P, NNLO reweighting

JES (pile-up subtraction)
JVT

{s =13 TeV, 139 fb

—
=

———

|

tt Namp

= =g

PDF4LHC NP4
Shower model shape SR2

—e
T

-2 -15 -1

Richard Hawkings
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5.02 TeV uncertainties and PDF comparison

Category oo (%]
Dilepton  Single lepton  Combination
#f generator' 1.2 1.0 0.8
tt parton-shower/hadronisation*'’ 0.3 0.9 0.7 B e T
# hyams and scale variations' 1.0 1.1 0.8
| damp B TR C . data = stat. unc. ATLAS
tt parton-distribution functions 0.2 0.2 0.2 d ta + tot |
Single-top background 1.1 0.8 0.6 mm dafa * total unc.
W/ZJrjets background* 0.8 2.4 1.8 ATLASpdf21
Diboson background 0.3 0.1 < 0.1
Misidentified leptons* 0.7 0.3 0.3 MSHT20
Electron identification/isolation 0.8 1.2 0.8 NNPDF4.0
Electron energy scale/resolution 0.1 0.1 < 0.1 NNPDF3.1 notop
Muon identification/isolation 0.6 0.2 0.3 ABMP1
Muon momentum scale/resolution 0.1 0.1 0.1 6
Lepton-trigger efficiency 0.2 0.9 0.7 CT18A
Jet-energy scale/resolution 0.1 1.1 0.8 CT18
Vs =5.02TeV JES correction 0.1 0.6 0.5 CT14
Jet-vertex tagging < 0.1 0.2 0.2
Flavour tagging 0.1 1.1 0.8 CT10
By 0.1 0.4 0.3 MSTW2008 s = 5.02 TeV
Simulation statistical uncertainty™ 0.2 0.6 0.5 NNPDF2.3 257 b_1
Data statistical uncertainty™* 6.8 1.3 1.3 PDF4LHC p
Total systematic uncertainty 3.1 4.2 3.7 Ly ool il T
Integrated luminosity 1.8 1.6 1.6 40 50 60 80 90
Beam energy 0.3 0.3 0.3
Total uncertainty 7.5 4.5 3.9 Gtt- [pb]
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Source | Ao /o [%]
tt normalisation +24/ — 17
Jet energy resolution +18/ — 12
Jet energy scale +18/ — 13
Other s-channel modelling sources | +18/ — 8
Top-quark processes ISR/FSR +13/ — 11
MC statistics +13/ — 11
Other tt shape modelling sources | +12/ — 10
Flavour tagging +12/ - 10
W+jets normalisation +11/ —8
Top-quark processes PDFs +10/ -9
W+jets ug/pr shape +6/ -5
Other processes normalisation +6/ —5
Pileup +5/ -3
Other t-channel modelling sources +5
Luminosity +4/ -3
Other tW modelling sources +1/ —2
Missing transverse energy +1
Multijet shape modelling +1
Other sources <1
Systematic uncertainties | +42/ — 34
Data statistics | +8
Total | +42/ - 35
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Pre-fit impact on p:

10 = 0+A0
Post-fit impact on p.:
o =0+A8 o =06-A08

—e— Nuis. Param. Pull

tf normalisation

s-channel shower

JES flavour compaosition
JER effective NP 1

tip_ shape

tt shower shape

tf generator shape

W-jets normalisation

Y (SR bin 17)

JER effective NP 7 (rest term)
JES pileup p offset

tt PDF NP 5

Wijets Mo shape

btag B NP 2

Y (SR bin 15)

btag B NP 21

JES 7 intercalib. modelling
Y (SR bin 16)

t-channel shower

JER effective NP 2

-2 -15 -1 -05 0 05 1
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13 TeV s-channel uncertainty breakdown

Au

6=0-A8 _0.2-0.15-0.1-0.05 0 0.05 0.1 0.15 0.2

|II|I|I\II|IIII|IIII|IIII|IIII|I\II|III\|
ATLAS Preliminary
s =13 TeV, 139 fb

e
=

15 2
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