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This talk borrows heavily from Richard Hawking’s excellent Top2017 talk

which includes (& compares) ATLAS & CMS tt csec results:
https://indico.cern.ch/event/659310/contributions/2689370/attachments/1524910/2384065/RH_TTXSec_final.pdf
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Motivation QE%E@

Why should we (still) care about measuring G; ?

LHC is a top factory
8 TeV: 15 tt pairs/min, 5 million tt events in 20 fb!
13 TeV: 500 tt pairs/min, 30 million tt events in 36 fb’!

Unprecedented opportunity to look for deviations from the SM

Test pQCD at NNLO precision (fixed order)

Tune MC generators (recall that tt production is an irreducible background to many BSM processes)
NLO ME generators
(New) parton shower generators
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Introduction m

o(tt) dominated by gluon fusion (qq/gg=10%/90%) at LHC

G T P

Challenging to calculate — NNLO and NNLL corrections are important
Uncertainties dominated by QCD scale choice and PDFs

M. Czakon, Top2013

Cross-sections for m=172.5 GeV 280
s (TeV) o(tt) = PDF/a, =+ scale Ao/o 260 NLO NNLO |
LO
7 177.3 = 9.0 +4.6 -6.0 pb 6.1% 240 ey } l 1
220 b 1. NNLL" LL  np INNLL
8 2529 = 11.7 +6.4 -8.6 pb 5.7% g NLL
< 200 —fF—r+4H—————————
13 832 = 35 +20-29 pb 5.5% 6 80
Calculated with Top++ 2.0 ‘ F’X,‘f,fgﬁ’;’ ——
160 NNLO+res s=—— |
MSTW, CT10 and NNPDF 2.3 PDFs
140 : :
s - 30 + LHC 8 TeV: my,,=173.3 GeV; A=0
Additional uncertainty of ¥3% for =1 GeV on m, . MSTW2008 LEENLO: NNLO
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Some measurements

ner-p»

18+8+7=33 tt cross-section measurements at 7, 8, & 13 TeV — a mature field
Most precise measurements from ep dilepton at 7+8 TeV, and 1+jets at 13 TeV

Individual analyses with precision of 3-4%

All-hadronic and measurements with taus are significantly less precise

ATLAS+CMS Preliminary ~ LHCIopWG G, summary, Vs=7TeV May 2017 - B ATLAS+CMS Prelimi LHCIODWG (5=13TeV
ATLAS+CMS Preliminary LHCIOPWG o, - summary, Vs =8 TeV Sept 2017 reliminary P o,; summary, s = e Sept 2017
_______ NNLO+NNLL PRL 110 (2013) 252004 tt
m,, = 172.5 GeV, (M ) = 0.118:0.001 NNLO+NNLL PRL 110 (2013) 252004 NNLO+NNLL PRL 110 (2013) 252004
) bttt | | e o _4725GeV. o (M )=0.118:0001 @ —t+——+— | | = -
scale uncertainty total stat m,, =172.5 GeV, a (M) = 0.118:0.001 total stat my, =172.5 GeV, a (M) = 0.118-0.001 total stat
scale ® PDF @ o uncertainty scale uncertainty : scale uncertainty .
s 0, % (stat) % (syst) = (lumi) scale ® PDF ® o uncertainty o, + (stat) = (syst) = (lumi) scale ® PDF @ o, uncertainty o, + (stat) = (syst) = (lumi)
ATLAS, I+jets = 179+4+9+7pb L,=071b ATLAS, lepton+jets "
ATLAS, diepton () NN 17356 2o R ATLAS_CONEZW_'OM‘ L2028 —— 2483+ 0.7+ 13.4 + 4.7 pb QLLQ?EZg:I;ﬁt;n fu-sz o . 818 +8+27 +19pb
ATLAS, all jets (*) + 1167+ 18+ 78+ 6pb L0k CMS, lepton+jets ' ‘ b =
ATLAS combined it 1773 2+ 7pb Leo7 EPJC 77 2017) 15, = 198" * 228.5+38:13.7+6.0pb P
CMS, I+jets (%) —to—E 164+3+12+7pb L0811 Lo » dilepton ee/uu L, 749 £ 57 £ 79 = 74 pb
" P ATLAS, 1, +jets ATLAS-CONF-2015-049, L =85pb”
i . s Ty e 239+4+28=+5pb ™ P
CMS, dilepton (%) —toti— 170+ 4 +16 £ 8 pb Ly=t.11 PRD 95 (2017) 072003, L, = 20.2 fb™"
CMS, 7, 4+1 (7) — ] 149 + 24 £ 26+ 9 pb Lot CMS. le " e
i { e , lepton+, f——fo—— 257+3+24+7pb ATLAS, I+jets | 817=13+103+88pb
e o) " e PLB 739 (2014)23, L, =196 P ATLAS-CONF-2015-049, L, =85 pb” P
combin i +2+11+8pl L,=0.8-1 "
LHC comibina (Sep 2012) e T3E2+846ph Leoriim ATLAS, dilepton ey 2429+1.7+55+51pb oMS. dileots
EPJ C74 (2014) 3109, EPJ C76 (2016) 642, , dilepton ep 746 + 58 + 53 + 36 pb
ATLAS, Isjets, b—>Xpv — 16542417 +3pb Lt Ly =202f" PRL 116 (2016) 052002, L _ =43pb™, 50 ns
ATLAS, dilepton ey, b-tag HeH 1829+31+42+36pb L ~46i CMS, dilepton (ee, uu, eun) o—| 239.0+2.1+11.3+6.2pb .
ATLAS, dilepton ey, N’m-E?ss i 181.2+28737+33pb  L.-46i JHEP 02 (2014) 024, L, =53 CMS, dilepton ep o 815+ 9+ 38+ 19 pb
ATLAS, 1, +ets k + 1 194+18 i:s pb Lo=1.71 LHC combined ey (Sep 2014) 2415 +1.4 + 5.7 + 6.2 pb EPJC 77 (2017) 172, L‘m =227, 25ns
ATLAS, all jets 16812757 27pb Loi=4.7 i ATLAS-CONF-2014-053, CMS-PAS TOP-14-016,
ATLAS, 7, ,,+ ——— 183+9+23+3pb L4t L, =53-2031" CMS, I+jets ) [ 888 + 2+ 26+ 20 pb
CMS, I+jets et 1617+ 6.0+ 120+ 3.6pb L 501 CMS. dilepton e +63 arXiv:1701.06228, L =221
CMS, dilepton eyt [ 1736+21735438pb L - JHEP 08 (20?6) ozg,u L, =107 1" * 2449 +14 5 =6.4pb VS, aliots -
OMS, Togt! R M3L1422253ph  L22n CMS, all jets . cmsﬁi o S o5 L -253m" —te+—— 834:25+118+23pb
gxz ”I"Iad*:e“‘ — ' :z:f :s = :i = z "z Lu=39 1t EPJ C76 (2016) 128, L, =18.41" 2756 +6.1+37.8+=7.2pb " i =S
, all jets —_—— +10426+3pl L35 NNPDF3.0 JHEP 04 (2015) 040
NNPDF3.0 JHEP 04 (2015) 040 :
(") Superseded by results shown below the line ( )
NNPDF3.0 JHEP 04 (2015) 040 MMHT14 EPJCT5 (2015)5 MMHT14 EPJC 75 (2015) 5
H MMHT14 €y C75 (2015) 5 CT14 PRD 93 (2016) 033006 " Preliminesy CT14 PRD 93 (2016) 033006
CT14 PRD 93 (2016) 033006
ABM12 PRD 89 (2015) 054028 ABM12 PRD 89 (2015) 054028 ABM12 PRD 89 (2015) 054028
) [eaM,) = 0.113]) [@M,) =0.113] [e,(m,) =0.113]
III|IIII|IIII|IIII|IIII|IIIIII||||||| IIII|IIII|IIII|IIII|IIII|IIII I|III|III|III|III|III|III|
50 100 150 200 250 300 350 100 150 200 250 300 350 400 200 400 600 800 1000 1200 1400
o, [pb] o, [pb] Oy [Pb]
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Measurements vs. energy

ner-y

S I 1 1 I I I I 1 I | I 1 I I I I I I 1 I I 1 I |
— v Tevatron combined 1.96 TeV (L < 8.8 fb™) .. 7
= | e CMSdilepton, +jets* 5.02 TeV (L = 27.4 pb) ATLAS+CMS Preliminary Sept 2017
= m ATLASen7TeV (L=4.6 ") .
) e CMSeu7TeV(L=5f") LHCIOpWG
= 3| m ATLASeu8TeV (L=202fb")
O 10°F e CMSeu8Tev(L=19.7")
) v LHC combined en 8 TeV (L = 5.3-20.3 fb’ b
7] - m ATLASen13TeV (L=3.2fb")
0 — v CMSeui13TeV(L=221b")
17 — 4 ATLAS ee/u* 13 TeV (L =85 pb’ ) 1
(@] L~ O ATLAS l+jets* 13 TeV (L=85 pb i
= A CMS l+jets 13 TeV (L=2.2b") I
O - O CMSall-jets* 13 TeV (L= 2.53 ) 900~ 1 -
= * Preliminary -
) 2 K
> 10° : =
) B 800 1 3
- ~ - .
O N - 4 7
< = 700F ] -
" Z=—= NNLO+NNLL (pp) - _
&= NNLO+NNLL (pp) S
10 = Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 13 Vs[TeV] _|
— NNPDF3.0, m = 172.5 GeV, a,(M,) = 0.118 = 0.001 -
[ I | | | I | | | I | 1 | I 1 | | | | 1 | ]

2 4 6 8 10 12 14

Impressive agreement with the state-of-the-art predictions
Both at Tevatron and all LHC energies
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Measurement basics

Dilepton measurements
Most precise results use only eu final state to avoid Z/y*—ee / uu background
Remaining backgrounds from Wt, fake leptons, and residual Z—7t and VV—ep
Limited opportunity for profiling and constraining modeling uncertainties
Lepton+jets
Huge statistics, but backgrounds from t-channel single top, W+jets, and multijets
Multiple control regions with different jet and b-tag multiplicities
Can constrain JES from W—qq as in top mass analyses
Main systematics
tt modeling (generator choice, QCD scales, radiation, hadronization)

Influences efficiencies and acceptances — some gain from fiducial cross-sections
Detector calibration — lepton, jet and b-tagging efficiencies, and energy calibration
Backgrounds — model using data wherever possible

Irreducible Wt background modeled using simulation
Luminosity — generally 2-3%, benefitting from precise van der Meer scans

No need to normalize to Z cross-section, as sometimes done at Tevatron
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Dilepton ey measurements

npr-p»

Events

Avoid systematics due to jet and b-tag modeling
Count number of e events with 1 & 2 b-tagged jets

Ignore light jets — reduces radiation uncertainty

Assume two top quarks decay independently

1 b-tag: Nl == LO‘tt‘ eeu2€b(1 — C’beb) -+ N{)kg

bk
2 b-tag: N2 — LO’tf eeucb€b2 + N2 ©

£, fraction of tt with reconstructed ey pair

MC/Data

&: probability for b
within acceptance and b-tagged

-jet from top decay to be reconstructed

Event

C,=1 accounts for correlations between b-jets
N, k¢ and N,°k¢ from Wt, Z—77tjets, diboson, fakes

C,, Wt and diboson b/g from MC

Z—711+1,2 b-tags from Z—ee/putjets control region

Fit o,; and &; €

Fake leptons from same-sign control region

ATLAS
ls=13TeV, 320"

T
® Data 2015

3 tt Powheg+PY
Wt

mm Z+jets

] Diboson

Em Mis-ID lepton

— Powheg+PY .
--- aMC@NLO+HW++—
-------- Powheg+HW++
-+ Powheg+PY radHi -
- Powheg+PY radLo_T

1Y

'

[ Stat. Uncert.

o}
—_

ATLAS

\s=8TeV, 20.3fb"

o
oy
@

® Data 2012
[ tt Powheg+PY
mm Wt
Il Z+jets
[ Diboson
Em Mis-ID lepton

— Powheg+PY
" MC@NLO+HW
"""" Alpgen+HW

| llIIIlIIIIIIIIIIIIIIIIIlIIIIllII

MC/Data

Same analysis at 7, 8 and 13 TeV

.....................................
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Dilepton ey measurements — continued Q%E

Largest systematics from modeling €.,

) - . . Uncertainty Aocii/owi (%)
Different tt models, Pythia vs Herwig parton /3 7TV 8TeV 13 TeV
shower, PDFs

Data statistics 1.69 0.71 09

13 TeV models not yet mature

tt modelling and QCD scale 1.46 1.26 3.0

Lepton efficiencies/scales from Z—ll g and _
Parton distribution functions 1.04 1.13 0.5

Only sipgl‘e lepton triggers to reduce systematic Background modelling 0.83 083 09
uncertainties Lepton efficiencies 0.87 0.88 (.8

Isolation efficiencies measured in-situ in tt Jets and b-tagging 0.58  0.82 (5

samples by relaxing cuts Misidentified leptons 0.41 0.34 06
Background modeling dominated by Wt x-sec Analysis systematics (o4¢) 227 2.26 33
uncertainty and tt/Wt interference Integrated luminosity 1.98 2.1 23
LHC beam energy 1.79 1.72 1.5

Jets, b-tagging and fake leptons <1%

Total uncertainty 3.89 3.6 _4.4

8 TeV analysis now updated with final 2012

inosi - o =182.9+3.14+4.243.6+33pb (\/s="7TeV
luminosity uncertainty tt pb (/s )

, o =242.94+1.7+55+51+4.2pb (/5 =8TeV)
Beam energy uncertainty can now also be

neglected (ZEstat, Esyst, £lumi, *E, ., )
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Lepton+jets measurement — at 8 TeV Q@E

ner-»

[ ATLAS Simulation Preliminary  \s=8TeV ]

Lepton-+ets channel: tt—lvb qgb

>
S
Q —W-+Jets 1 o
: : 2 oif A ZtoW A3
Select lepton+Ey i + >4 jets, 1-2 b-tags e o o oy |1 2
Significant backgrounds from W+jets and t-channel 2 =
single top, QCD multijet with fake lepton 2 1o
© S
More complex event selection with more jets - %
. . . - \]
Typically larger uncertainties on acceptance s
New ATLAS I+jets analysis at 8 TeV 2 el |
: . ) S0TTT00 200 300400500
Model W+jets background shape using data Z+jets m(bjj) [GeV]
Scale lepton momenta to account for my7#m; E | ATLAS Simulation Preliminary  \s =8 TeV |
Convert one lepton to a neutrino (E™iss) 2 oasf 4lets 2 tag . :g,obal JES 410 -
. . . . T [ v vglobal JES -1
Provides a good model of W+jets kinematics S o . NG stat. uncertainy
Normalization of W+jets background floated in fit S ' ’ a
< .
Exploit W—qq decay to constrain jet energy scale with g 0.05p o o ]
an overall scale factor (% 10 of JES syst.) L BT TT I
. . ) 0 1 " " 1 " L . . 1 " " L . 1 " " " L
Reduces systematics on jet energy scale = L ' '
[

m(jj) [GeV]
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Final fit to 3 signal regions depending on N;, Ny,

Selection Fit variable

SR1 >4 jets, 1 b-tag NN discriminant

SR2 4 jets, 2 b-tags m(jj)

SR3 >4 jets, >2 b-tags, not SR2 NN discriminant
Discriminating variable in each region to separate signal
and background and/or constram systematlcs

% ATLAS Prellmlnary I \s= 8 TeV 20 2 fb1
Q) [ 4 jets 2 tag ¢ Data
0 Bt
& 10000  SR2 o e
c I Z+Jets
CI>J [l Diboson
(11| I Multijet
5000k 7///, Post-fit uncertainty
0
slo 1.2F, ' ' '
c| D 1
Ol 0.8k .
0 50 100 150 200

Leptontjets at 8 TeV — continued

J
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Events

30000f
20000F

10000}

e
o
(@]

Pred.

40000F

L ATLAS Preliminary 1s=8 TeV, 20.2 fb™'

L >4 jets 1 tag
¢ Data . it
[ @ Singletop [] ZtoW data i
I Z+Jets I Diboson E
/. Post-fit uncertainty b

- Multijet

- SR1

-

o

o

o

o
T

Data
Pred.

[ ATLAS Preliminary
[ >4 jets > 2 tag

I Single top
[ [ Z+Jets [ Diboson
v/ Post-fit uncertainty

[ Multijet

\s=8 TeV,20.2 fb™ ]

¢ Data e tt ]
[ ZtoW data N

SR3




Simultaneous fit for several parameters

tt signal strength, W-ets background normalisation in
SR1 and SR2+SR3

Correction factors for b-tagging efficiency and jet
energy scale

Final result:

o5 = 248.3 + 0.7 (stat.) + 13.4 (syst.) = 4.7 (lumi.) pb
Total uncertainty of 5.7%, systematics dominated

Largest systematics
MC modelling, including scale variations and PDFs
Lepton trigger and identification efficiencies

Jet energy scale (reduced by 60% due to in-situ W—qq
constraint)

Residual b-tagging efficiency systematic is small

January 16, 2018 Top Quark Physics at the Precision Frontier

Leptontjets at 8 TeV — continued

Source 22 (%]
Data statistics +0.3
Detector

Jet energy scale +1.1
Jet energy resolution +0.1
Jet reconstruction efficiency <0.1
Emiss gcale +0.1
Emiss resolution <0.1
Muon momentum scale <0.1
Muon momentum resolution <0.1
Electron energy scale +0.1
Electron energy resolution <0.1
Lepton identification +1.4
Lepton reconstruction +0.3
Lepton trigger 2l
Flavour tagging

b-tagging efficiency +0.3
c-tagging efficiency +0.5
Mistag rate +0.3
Background normalisation
Multijet +0.6
Single top +0.3
Z+ jets +0.2
Diboson +0.1
MC modelling

NLO matching 2111
Scale variations +2.2
Parton shower +1.3
PDF +3.0
ZtoW modelling +1.1
Luminosity +1.9
Total(sys) +5.7
Total(sys+stat) +5.7

12




Comparison of uncertainties for 13 and 8 TeV @E

$

ner-»

Uncertainties (%) on total cross-section classified into various components
Statistics, tt modeling, detector, background, luminosity

Beam energy uncertainty neglected if quoted

Vs (TeV) [L(fb'')) Measurement Stat. tt model Det. Bkg Lumi Total
13 3.2 dilepton 0.9 3.0 1.1 0.9 2.3 4.2
8 20.2 dilepton 0.7 1.7 1.2 0.9 2.1 3.2
8 20.2 I+jets 0.3 4.1 2.3 1.3 1.9 5.7

13 TeV dilepton result not as precise as 8 TeV
Modeling uncertainties significantly larger for I+jets at 8 TeV
13 TeV not yet mature — larger tt modeling uncertainties

Still potential for improvement in 13 TeV dilepton analyses
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Cross-section 1s a steep function of Vs
At Vs=8 TeV, 2.6% change in o(tt) prediction
for 1% change in Vs

Not negligible compared to experimental
precision

How well do we know Vs at LHC?

First estimates from revolution frequency
difference of protons and Pb in LHC

2013 p+Pb run — 0.66% in Vs, giving 1.7% in
o(tt) — significant uncertainty

New estimates based on magnetic model

Z
P = 2_e B(s)ds

T

LHC magnets and transfer functions understood
to 0.1%

Other sources negligible

Now, 0.2-0.3% on o(tt) — can neglect it ©

January 16, 2018

Demise of the beam energy uncertainty
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I T T T ] T T T | T T
I~ v Tevatron combined 1.96 TeV (L < 8.8 fb")
| e CMS dilepton,l+jets* 5.02 TeV (L = 27.4 pb™)
m ATLASep7TeV(L=46fb")
e CMSen7TeV(L=5fb")
m ATLASen8TeV(L=2021b")
e CMSeu8TeV(L=19.7fb")
v LHC combined ept 8 TeV (L = 5.3-20.3 fb™)
m ATLASep13TeV(L=321p")
v CMSeu13TeV(L=2.2fb")
A ATLAS ee/up* 13 TeV (L =85 pb')
O ATLAS I+jets* 13 TeV (L = 85 Pb")
A CMS l+jets 13 TeV (L=23fb")
O CMS alljets* 13 TeV (L =2.53fb™)

* Preliminary

| T T I T T T I T T T
ATLAS+CMS Preliminary =~ May 2017 |
LHCtopWG

10°

T llllllll

9oof
102 i

800F

Inclusive tf cross section [pb]

T Illlllll
1 IIIIIIII

700F y

E=— NNLO+NNLL (pp) .

== NNLO+NNLL (pp) E
Gzakon, Fiedler, Mitov, PRL 110 (2013) 252004 13 Vs[TeV]
NNPDF3.0,m__ = 17255 GeV, a,(M,) = 0.118  0.001

1 1 ] 1 1 1 l 1 1 1 l 1 1 1 I 1 1 1 I L 1

10

Illll

4

2 4 6 8 10 12
Vs [TeV]
LHC beam energy uncertainty

Contribution Error (%)
PC calibration 0.001
Slow radial changes 0.005
Earth tides 0.005
Orbit correctors 0.03
Transfer function 0.1
Sum 0.1

Phys. Rev. Accel. Beams 20 081003
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Fiducial cross-sections

Analyses also quote fiducial cross-sections

- 4

Fiducial predictions with NNLO corrections for production/decay now available

ATLAS setup, e*uT channel

energy fiducial volume LO [pb] NLO [pb] | NNLO [pb]| 6dec. |ATLAS [pb]
7TeV  pr(l*) > 25 GeV, n(IF)] < 2.5 1.5921322% 2,007 19% | 2.210722% | -0.3% | 2.30515 5%
7TeV  pr(*) > 30 GeV, [n(IF)] < 2.4 1.265730%% 1.585T10%% | 1.736722% | -0.8% | 1.817155%
8 TeV  pr(l¥) > 25 GeV, |n(i¥)| < 2.5 2.2491379% 2.855111-9% 1 3.1307237% | -0.3% | 3.03675 1%
8 TeV  pr(I*) > 30 GeV, [n(IF)| < 2.4 1.7881350% 22567 07% | 24611237 | .0.7% | 2.3801 %1%
Good agreement with experiment after incorporating NNLO corrections
g p Ip g
January 16, 2018 Top Quark Physics at the Precision Frontier 15
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- 4

tt cross-section ratios at different Vs

ner-y

L T rrrrJrrrrprri

LI I I B
ATLAS

Some systematics cancel in ratio of cross-
. diff . 7TeV, 4610’ R(8/ 7)
sections at difterent energies 8 Tev. 20.2 fb"
. . PN data + total uncertaint
Especially for analyses using the same | EZIZfiiiiffc?r};ﬂf}"aimy
technique, consistent MC, etc. A ABMI2 M
VvV CTi4 |
o l NNPDF3.0 |
R(8/7) R = stat & syst &= lumi AR/R ® wmHT14 °
ATLAS en  1.3280.024+0.015+0.038 3.5% D e 2
| (NNLO QICD, innerluncert.: PIIDF only) | I |
NNLO+NNLL prediction 1.430=0.013 0808 1 11 12 13 T4 1k
Uncertainty dominated by PDFs i8Tev)  Hi(7TeV)
L. L B LA R A R T — T T
8/7 TeV result 2.10 below prediction ... ATLAS
. 8TeV, 2021’ R(13 / 8)
ATLAS has also calculated ratios from eu o Tev 32t
analysis at 13/7 and 13/8 TeV g e £ it oy
Results in agreement with predictions, but v oom
o . 0 0 [ | NNPDF3.0
lower precision (4.8% and 4.7%) o T
ATLAS has also calculated ratios tt/Z D e |
Luminosity uncertainty cancels (NP OED neurper PP | e
. _ 2 2.5 3 3.5 4
Good agreement with expectations oot / otot

ff(13TeVv) '~ fi(8TeV)
January 16, 2018 Top Quark Physics at the Precision Frontier 16
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Conclusions QE@EE

Inclusive tt cross-sections from LHC are now quite mature

Most precise measurements from dilepton and lepton+jets channels

7-8 TeV individual channel results with precision of 3-4%

Slightly less precise at 13 TeV, but only relatively ‘early’ analyses so far, and no use of 2016
data yet

Total x-sec results consistent with NNLO+NNLL predictions for all energies

First comparisons with NNLO fiducial cross-section predictions
Important to model the decays at NNLO, as well as production

Various applications
Constraints on gluon PDF
Can we do better?

Refine analysis of 13 TeV data, profiting from tt modelling studies at 13 TeV
Improved predictions — since more LHC data in PDFs, but beware of circularity ...
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Cross-section measurements at 7 TeV

npr-p»

ATLAS+CMS Preliminary LHClopWG G, summary, Vs=7TeV May 2017
NNLO+NNLL PRL 110 (2013) 252004
Mg, = 172.5 GeV, a, (M,) = 0.118+0.001
scale uncertainty

scale ® PDF & a4 uncertainty

—t——
total stat

oy (stat) * (syst) * (lumi)

ATLAS, l+jets — 179+4+9+7pb L=07 1"

ATLAS, dilepton (*) [ 173671 Spb 1,=0.7 fby"
ATLAS, all jets (*) F + + 1 167 £ 18+ 78 + 6 pb L,=1.0fb
ATLAS combined e 177 £3°2+7pb L,=0.7-10 b
CMS, I+jets (*) —tot— 164+3+12+7pb L,=0.8-1.1 fb
CMS, dilepton (*) —tot—i 170+ 4+ 16 +8pb Ly=1.11fb
CMS, 7+ (%) ——— 149 + 24 £ 26 + 9 pb Ly=1.1fb"
CMS, all jets (*) I t + | 136+ 20+ 40+ 8 pb Ly=1.11b"
CMS combined —io— 166 + 2 + 11+ 8 pb L,=0.8-1.1fb
LHC combined (Sep 2012) - 173+ 2+ 8 6 pb Ly=0.7-1.1 fb
ATLAS, l+jets, b—>Xuv s 165+2+17 £ 3 pb L,=4.7"
ATLAS, dilepton ep, b-tag HeH 1829+3.1+42+36pb L -46
ATLAS, dilepton ey, Njels-ET“ i 181.2+£28797+33pb L 460
ATLAS, 1, +ets k t t 1 194+ 18+ 46pb Ly=171b"
ATLAS, all jets I t i 168 £+ 1275+ 7pb L,=471b
ATLAS, 7, .+ — == 183+9+23+3pb L4615
CMS, I+jets - 1617 £ 6.0+ 120 3.6 pb L 501"
CMS, dilepton ep Het 1736+£21°§5+38pb L =500
CMS,rhad+I ———t— : 143+ 14 +22+ 3 pb L,=2.2b"
CMS, <, +ets — 152+ 12432+ 3pb L=391"
CMS, all jets —t——t— H 139+ 10+ 26+ 3 pb L,=35fb"
(*) Superseded by results shown below the line
NNPDF3.0 JHEP 04 (2015) 040

MMHT14 EPJC75 (2015) 5
CT14 PRD 93 (2016) 033006

ABM12 PRD 89 (2015) 054028
[(M,) =0.113]

co v b b v b b
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Cross-section measurements at 8 TeV

ner-y

ATLAS+CMS Preliminary LHCIOpWG o, summary, Vs=8TeV Sept 2017
NNLO+NNLL PRL 110 (2013) 252004
"""" Mg, = 172.5 GeV, o (M,) = 0.118+0.001 el ot
scale uncertainty olal sta .
scale ® PDF ® ag uncertainty O, = (stat) = (syst) = (lumi)
ATLAS, lepton+jets f—r—] 2483 +0.7+13.4+4.7pb
ATLAS-CONF-2017-054, L, = 20.2 fb”"
CMS, lepton+jets —to— 2285+ 3.8+ 13.7+ 6.0 pb
EPJC 77 (2017) 15,1, = 19.6 fb'
ATLAS, 7, +jets —tm——  239:4:28+5pb
PRD 95 (2017) 072003, L, = 20.2 fb’"
CMS, lepton+t, ——o—— 257+3+24 +7pb
PLB 739 (2014) 23, L, =19.6fb"
ATLAS, dilepton ep - 2429:17+55=51pb
EPJ C74 (2014) 3109, EPJ C76 (2016) 642,
Ly =20.21b"
CMS, dilepton (ee, uu, eu) o : 239.0 2.1+ 11.3+6.2pb
JHEP 02 (2014) 024, L, =5.3fb"
LHC combined ep. (Sep 2014) | 4 2415 +1.4 5.7 + 6.2 pb
ATLAS-CONF-2014-053, CMS-PAS TOP-14-016, :
L, =53-203fb" i
CMS, dilepton e . ] 2449+1.4753+6.4pb
JHEP 08 (2016) 029, L, =19.7 fb
CMS, all jets ! e J
EPJ C76 (2016) 128, L, =18.4fb" 2756 +6.1+37.8+7.2pb
: NNPDF3.0 JHEP 04 (2015) 040
MMHT14 EPJ C75 (2015) 5
CT14 PRD 93 (2016) 033006
ABM12 PRD 89 (2015) 054028
[a,M,) =0.113]
IlllllIIlIlIIIIlIlIIIIllIIIII
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Cross-section measurements at 13 TeV

ner-y

ATLAS+CMS Preliminary LHCIOpWG o,; summary, Vs=13TeV Sept 2017
NNLO+NNLL PRL 110 (2013) 252004

"""" m,, =172.5 GeV, u'(MZ) =0.118+0.001 total stat
scale uncertainty .
scale ® PDF ® a uncertainty Oy  (stat) = (syst) = (lumi)
ATLAS, dilepton ep ey 818+ 8 = 27 = 19 pb

PLB 761 (2016) 136, L'm =32fb"
l

ATLAS, dilepton ee/up * |_|_._|_.| 749 + 57 + 79 = 74 pb
ATLAS-CONF-2015-049, L =85pb’

ATLAS, I+jets * . ——— 817+13x103=88pb
ATLAS-CONF-2015-049, Lim =85pb”

CMS, dilepton e H—e—t 746 + 58 = 53 = 36 pb
PRL 116 (2016) 052002, L =43 pb”, 50 ns

CMS, dilepton ey o 815+ 9+ 3819 pb
EPJC 77 (2017) 172, L =2.21b", 25 s

CMS, +jets . 141 888x 2x26x20pb
arXiv:1701.06228, Lim =221

CMS, all-jets * —fe+— 834:+25+118=23pb
CMS-PAS TOP-16-013, Lim =253 1fb"
NNPDF3.0 JHEP 04 (2015) 040

MMHT14 EPJC 75 (2015) 5
* Prelimi
reliminary CT14 PRD 93 (2016) 033006

ABM12 PRD 89 (2015) 054028
[a(m,) =0.113]
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tt/Z. cross-section ratios

T T ] l |
Luminosity uncertainty removed by considering ATLAS
— ) . 8 TeV, 20.21b
tt/Z cross-section ratio e o ety
Ry = Ot 1 coas s, oy
tt/Z - 0 5 ( A ABM12 ——h—
. -+ ) v cria ; ¥
O-Z_)ee O-Z—)“# | NNPDF3.0 —
Use of Z—ee+up average cancels lepton S ————
efficiency systematics with tt—ep [ HERAPDF20 —
C 1 t f Z d tf 1 (l}l NLO QCD, mner uncert.: PDF only) l I |
ommon seiections 10r £ an analyses M- P P L L L
> Y 03 085 04 045 05 055
. o . . (0) |
Ratio of tt/Z at one energy sensitive to ratio of Oterev)’ CZigTev)
gluon vs quark PDF BBA"FPERRRRRRRRRERE IN DERERERE
‘Global’ PDF sets a bit high TTev el
|7 data * total uncertain
HERAPDF 2.0 and ATLAS epWZ I et £ it + oxp. ncertiny
| data+ stat. uncertainty
(HERA DIS+ATLAS W/Z data) do well R .
. . . VvV CTi4 —V—+
Double ratio with two energies B NWPDFSO .-
® MMHT14 H-+
Reduces PDF, scale and m, uncertainties O ATLAS<pwz12 HO
. [0 HERAPDF2.0 — —
13/8 TeV data agrees well with most PDFs _ (NNLOQCP, inner uncert: PDFonly) |
- . . .. 1 .6 1.8 2 2. 2 2.4 2.6 2.8 3
8/7 tt ratio tension is increased to ~30 Sittarey) , Oitirrev)

fid fid
Oz(1aTev) Oz(7Tev)
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n»r-=»

ATLAS tt/Z - ratio data in PDF fits

Combined fit to all 6 measurements (tt and Z at 3 Vs)

Fit cross-sections to predictions using ATLAS-epWZ12 PDF
and profile uncertainties

Demonstrates impact of this data on PDF fits

Light quark sea is constrained around x~0.02 — particularly
significant effect on the strange sea from Z data

Gluon PDF constrained around 0.1 due to tt data

T
- ATLAS

[ 7TeV, 4.6
460~

ol [pb]

ag-\ "

420 | apurz

[ vcTa
L : :‘n:‘nﬂ);io ¥ data * total uncertainty
400 © ATLAS-epwzi2 « data + stat. + exp. unce

HERAPDF2.0 « data * stat. uncertainty
P TSI S S T B
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8 TeV 1, 4Hjets

n»r-=»

tt decays with 7 used to probe BSM contributions
E.g. t—H'b—tvb in 2HDM — excess of T vs e/u
Leptonic 7—e¢/u hard to separate from direct e/u
Hadronic T decays give rise to narrow jet
Dedicated t-1D, separate analysis for 7—1 or 3 tracks
Require E;™5>150 GeV, 1/3 prong 7,4 and >2 b-jets
Trigger based on Emiss

Veto isolated e/u to reduce tt—se/u+jets contamination
Backgrounds with real 7 (single top, W+jets) from MC

ATLAS

10°

Events / 20 GeV

102

\s=8TeV, 20.2 fo"

B tt > T+ jets

I Single top

W+ jets

B Misidentified-t

It > elu + jets
Z + jets

[ Diboson

e data
Stat. uncertainty
Syst. uncertainty

Data/Pred.
o

€00CL0 (L102) S6 A "A9Y "SAUd

100

120 140 160 180
p, of the 7, [GeV]

Fake T background from data control samples with inverted Te e counts

identification requirements

Final result
o = 239 + 4(stat) + 28(syst) = S(lumi) pb
Total uncertainty of 12%

T1-prong T3-prong Thad
tt — e/p + jets 21.8+47 6.8+25 283+53
Single top 107+£10 339+5.8 141 £ 12
W + jets 71785 271452 99 £+ 10
7 + jets 72427 1.6+1.3 8.7+3.0
Diboson 1.0+ 1.0 0.4+£0.6 1.5+1.2
Misidentified-7y,.q 46.6 6.8 249450 749487

Main systematics from JES, b-tag and tt modelling

Limit of 22 fb on BSM contrib. to visible cross-section
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Expected tt — 7+ jets 1084433 312418 1398 4+ 37
Total Expected 1339 £37 407420 1751 4+ 42
Data 1278 395 1678
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