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Try to avoid repetitions with M. Aldaya
Martin on Tuesday plenary session

BOSONS
7 @ Top quark elementary particle with the largest mass
— Largest Yukawa coupling

Top quark Higgs
- P&_ Sk gé Deviation from SM predictions — Hints of BSM
“-,’J @ Top quark decays before hadronization
10t Bottom quark - =~ free quark
Charm quark ’ - _TES'[ Of pel"[urbatlve QCD
10° L g Tau @ tt pairs produced with large statistics at LHC
T ’sﬂangequark — Main background to many BSM searches (cf .C. Lee
I Muon presentation on plenary)
s Down quark
o 10
.% Up quark '\/S 7 TeV 8 TEV 13 TeV
- 107 -
P e o(th) (pb) 177 253 830
107
SN S L MASSLESS Uncertainties: PDF - ~5 %, Scale and o, — :~3%
1070 BOSONS
Muon- | NNLO+NNLL Predictions
10 |~Electron- "E"";"D nelat:i'nu 4 Photon (Czakon and Mitov Comput.Phys.Commun. 185 (2014) 2930)

neutrino

@ s tt pairs predominantly produced from
e S gg— tt at LHC (~90% at vs=13 TeV )
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Decay modes considered:
Lepton +jet (e/n + jet)
Dilepton (ee,ep,up)
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Measurements at Vs=7, 8 and 13 TeV
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tt inclusive cross section measurement at
13 TeV: CMS

Measurement of ttbar cross section in diletpon channel

2.2 b7 (13 TeV)

- onlyep %) “CMS e D
. = i - Data
Full 2015 statistics: 2.2 fb &' 000 Preiminary m
b B Non W/Z

For M, =172.5 GeV g \Ql/ + 1tV

. t
Theory predictions from: € =000 - -
Czakon and Mitov § .y e
Comput.Phys.Commun. 185 (2014) 2930

0,=832"2°_ +35 (pdf) pb at Vs=13 TeV

29— 0
O 1.4
E .

Cross section measurement cut & count method: © 06— ; 5 3 =2
Number of jets
N, .21
N — Np €
Og = ————, . .
A-L Largest experimental systematics:

Lepton eff (2.3%), Jet Energy scale (2.2%),

o : btagging (1.4%)
= 793 + 8 (stat) + 38 t) + 21 (lumi) pb
Ui (stat) (syst) (lumi) p From theory: POWHEG vs MG5 aMC@NLO

NLO Generator (2.1%), Single top quark (1.5 %),
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-16-005/index.html

tt inclusive cross section measurement at

1 3 TeV: AT LAS g 200002— ATLAS Prellmlnary e Daazis —z
D ie00F- 15 =13TeV, 321" L 1t Powheg:PY 3
. =  Z+jets =
Different method 1o (1 Diboson ]
. 14000 — mm Mis-1D lepton -
— reduce the systematics 2000 E — PowneqiP¥
Measuring 1 and 2 btag events 5 s I Powhegetilirs
Fit simultaneously 6; and €, efficiency 8000 -~ o Fowheg+PY radLo5
6000 (g —
1 b-tag background events 4000- R
1 b-tag Data events 2000 = =
—————————————— :J g
|Etb_ar_pregel_ecitli)n_eiflgie_nEyﬂ' =0.83% © 1,82_ . - e =
o s .
—/ 5 | rrrrrrrr———— =
—_— / E r -
— L@Eq\ | — C[,IE;, @ sk | =

€y X@)! — Ciley) e

LG i feCr&) + @

=1.002 Largest systematics:
Ttbar hadronization (2.8 %), NLO
(0.8%), misidentified leptons (0.6 %)

2b-tag Dataevents  , j, g phackground events

Event counts Ny Ny

Data 11958 7069 o, = 803 £ 7 (stat) £ 27 (syst) £ 45 (lumi) + 12 (beam) pb,

Single top 1160 £ 120 224470 hd B

Dibosons 344+ 192 140 = 11.12 £ 0.10 (stat) £ 0.28 (syst) = 0.62 (lumi) £ 0.17 (beam) pb,
Z(— 177 — ep)+jets 37+ 16 241

Misidentified leptons 165 4 65 116 4+ 55

Total background 1390 =140 343 =89 |.4i - Rencontres Blois 2016  TLAStATLAS-CONF-2016-005 5



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-005/

Ratio tt to Z production at 13 TeV: ATLAS

To reduce luminosity uncertainties ATLAS Preliminary
measure ratio wrt well known processes 13 TeV, 78 - 85 pb”
R = O U data + total uncertainty
iZ = . .
0.5 (D.E_W + D'z_;##) | data+ stat. uncertainty
. . A ABM12LHC ke
Measure o(pp — tt) in dilepton (ee,up) v CT1onnlo K
(same method as ep) or lep (e/u)+jet ®m  NNPDF3.0 N
® MMHT14nnlo68CL —o——

Rz =0.445 £ 0.027 (stat) + 0.028 (syst) = 0.445 £ 0.039,

(NNLO QCD, inner uncert.: PDF only)
oo b e by by by TRy
015 02 025 03 035 04 0.45
o gtot/ oot
Powerful test of Parton Distribution Fun€tion$

-
0.5

Largest systematics:

Ttbar hadronization (4.5 %), NLO (2.2%),
Lepton Id & Trigger (2.2%) Z acceptance
(1.5%) PDF (1.4%), misidentified leptons
(1.4 %). ISR/FSR (1.2%)

ATLAS: ATLAS-CONF-2015-049
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-049/

tt inclusive cross section legacy
measurement at 7 and 8 TeV: CMS en

1 b-tagged jet 5.0 1b" (7 TeV)

add. jets| * Data

. {:,:E 108 1 additional jet E 2 additional jets 23 additional jets cCMS
tt E
. I witw § 1] 10
c
oy S
Cw &
I QCD/W+ijets 1
CItiv
MM tt bkg. 10"
[55] MC syst+stat
g b 1.215— e EE 121 LI “\?‘H« ﬁ\ I S E (A
g2 Ulazﬁeﬁﬁ g2 Jir ; Se \\\\\\?\\ i ‘ ?\1 f\\i\\\\\\\h\ﬁ\\% *\\J\ﬁ\\\\\\\\\\\\ SN

4El ED BD 1EU 123 143 160 180 40 ED 80 100 120 140 160 180 4D 60 80 100120140 160 180 200
p. [GeV] p. [GeV] p. [GeV]

Profile LH fit of P_ of additional jets in 0,1 and 2 b-tag regions
P_ of additional jets sensible to modeling uncertainties
Measure visible inclusive cross section — extrapolate to full phase space

og = 173.6+2.1(stat)” 4 5 (syst) + 3.8 (lumi) pb 7 TeV

CMS (7 and 8 TeV ep):
arXiv: 1603.02303
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-13-004/index.html

tt inclusive cross section legacy
measurement at 7 and 8 TeV: CMS lep+jet

Complementary measurement in lep+jet fitting and M, (Invariant mass of 3-jet Had top)

M,, (Invariant mass) _ G4(8 TeV) = 227.1+2.5 (stat) +19.1 (syst)
0:(8 TeV) = 228.5+3.8 (stat) £13.7 (syst) +6.0(lumi) pb +6.0(lumi) pb

19.6 fb (8 TeV)
TTT T TT T T TTTT TTTT TTTT TTTT TTTT m B - ]
%’) i ' AR AR LA B O] - CcCMS (1 + jets) ]
O 2500} oy 35000 i 3
o 2% m - * Data :
T [ é 30000_ Bl tt |
e . Background - @ 55000 - W/Zﬂe’[s 3
2 0 o : : I Singlet 1
- 15000 .
1000 - B
[ 10000 -
500 — CMS - 5000 =
ol . % 200 400 600 800 1000 1200 1400
0 50 100 150 200 250 300 350 400 450 500 | M. (GeV)
|\.:"|”b (GeV)
U1/UD/ZU10 A. oidoti - Rencontres Blois 2016

CMS (8 TeV lep+jet):
arXiv: 1602.09024(Subm. EPJC)


http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-12-006/index.html

tt inclusive cross section measurement at
13 TeV vs 8 TeV (eu and lep+jet): ATLAS and

C M S Comparison of systematic uncertainties
Run 1 Legacy papers First Run2
measurement
i ATLAS Runl (8 CMS Runl CMS Runl (8 TeV ATLAS Run2
SyStematICS (%) TeV) e (7and gr'll'eV) Iep+jetun G 1e0 (13 TeV) -
Eur.Phys.J. C74 1603.02303 1602.09024 ATLAS-CONF
(2014) 3109 -2016-005
PDF 1.1 0.3 2.1 0.5
Modelling 1.2 1.1 4.4
2.8
MC generator 0.9 1.1 3.7
Lepton 0.9 1.9 0.5 0.8
Reconstruction &
Trigger
Jet Reconstruction & 0.7 0.9 2.2 0.4
E_scale
b-tagging 0.4 0.5 0.7 0.3
Backgrounds 0.3 1.6 0.3 1.1
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-12-006/index.html
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15 years of tt xsection Measurements
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“ ~ e CMSeu13TeV(L=43pb’, 50ns) m
/)] - v CMSeul13TeV(iL= 2.2fb" 25r15} N
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(& ~ o CMS l+jets 13 TeV (L=42pb’) [ 1
= 900f .
> 1072 : E
B - 800F 1 -
= - [ 1 3
O — 1 A { -
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— =——— NNLO+NNLL (pp) [ 1 -
——— NNLO+NNLL (pp) : — L
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 13 Vs [TeV] _|

NNPDF3.0, M, = 172.5 GeV, ms{Mz}l =0.118 £ 0.001

> 4 5 8 10

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots

Differential xsection Measurement

Lepton + jet channel e/p (CMS also dilepton)

* Reconstructed variables: CMS and ATLAS are providing
Hadronic top and tt system P, y,... RIVET routines easing comparison with
— Particle level (Fiducial phase space) theory

— Parton Level (Full phase space)
. Detector: E_, N N

et’  “bjet

- Radiation sensitive: A¢,... Two kinematical regimes:

« Resolved (top quark with low P.)

» Boosted (enhanced at 13 TeV, BSM may
increase this region)

— use jet substructure to reduce QCD

background

Resolved topology » Boosted topology

partially merged,
boosted W

un-merged fully merged

o
N s
.. &F

< 300 GeV 300-350 GeV
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Differential xsection Measurement: 8 TeV

8 TeV measurements: Parton level
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~, WE orer PWG+PY8 h = T L 7 POWHEG+PYTHIA _
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Differential cross section as a function of P_ of reconstructed top (hadronic)

Theoretical predictions overshoot measured data (discrepancy increases with
momentum)

ATI_%18/_06/2016 A. Sidoti - Rencontres Blois 2016 cMmS:
: : Resolved EPJC 75 (2015) 542 (dilepton
Resolved: arXiv: 1511.04716 (Accepted EPJC) Boosted arXiv:1605.00116 (Sut()m Pphys)Rev D)

Boosted Phys. Rev. D93 (2016) 032009 Rivet routine


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-12-028/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-14-012/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2015-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2014-15/
https://rivet.hepforge.org/trac/browser/src/Analyses/ATLAS_2015_I1397637.cc

Differential xsection Measurement: 8 TeV

- ATLAS Fiducial phase-space
- \s=8TeV,20.3fb" e Data
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https://twiki.cern.ch/twiki/pub/LHCPhysics/LHCTopWGSummaryPlots/tt_xsec_diff_8TeV_toppt.pdf
https://twiki.cern.ch/twiki/pub/LHCPhysics/LHCTopWGSummaryPlots/tt_xsec_diff_8TeV_toppt.pdf

2.3fb" (13 TeV)

‘r|
S 10 = CMS l+jets parton —¢— data
[0) = Preliminary [ sys @ stat
G C [ stat.
o] e
Q == gt — - Powheg P8
—_— = == -——— MG5_3MC@NLO P8
‘8_ n —_ — — appr. N’LO phys. Rev. D 91, 031501
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Momentum of hadronic top

Lepton + jet selection
Particle level measurement

CMS:

(lep + jet) CMS-PAS-TOP-16-008

(dilepton) CMS-PAS-TOP-16-011
01/06/2016
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Differential xsection Measurement: 13 TeV

First 13 TeV differential measurement

2.3 fb™ (13 TeV)

=
o
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Invariant mass of tt system
@ test production modes at threshold
@ BSM searches:
 Bumps for X —tt
 Interference SM -~ BSM
@ Test EW corrections
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-16-008/index.html
https://cds.cern.ch/record/2140061/files/TOP-16-011-pas.pdf

. tt+jets: 13 TeV

CMS Preliminary 22 (13 TeV)

T T 2] E | | | |
© _ " ATLAS Preliminary bl o E A : .
= 1t 13Ty 521 5’§ 1:!% - Dilepton p'T}BDDGEU,hf | <24
—|b E‘ﬂ.“-_._.. —_— ) ) . L [ ] ata _
I N e add. jetp, 225 GeV ~o 10¢ Powheg v2+Pythias E
1l — H - -.--- Powheg v2+Herwig++
10 ATLAS: P 3 1L - - - MG5_aMC@NLO+Pythia8 [FxFx]
- : 9015 3 ey e MGS_aMC@NLO-+Pythia8 [MLM]
- ATLAS-CONF-2015-065 — _
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0 ] > 3 ] 08 |
Number of additional jets 0.6
2 3 4 5 =6
Njets

Sensitive to higher order QCD effects
Mismodeling of tt+jets — uncertainties in measurements where tt+jets are
background

ATLAS main uncertainties:

. : CMS main uncertainties:
Jet Energy scales ~5% to 22% Signal modeling 6% to 18%

Jet Energy scales ~0.5% to 8% p /u, and PS 6% to 10%
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-065/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-16-011/index.html

tt+jets: 13 TeV
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tt+jet: Jet Rapidity Gap 8 TeV

19.7 b (8 TeV)
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https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-12-041/index.html

tt+b-jets (8 TeV)

Crucial to understand tt+HF production to reduce uncertainties

ttbb dilepton tth dilepton tth lepton-plus-jets ATLAS
cut-based Ys=8 TeV, 20.3 fb™
|Tbaseds ==+ == Measurement results
E stat. @ syst. [ stat.
@ aMCENLO+Pythiag (BDDF)
. _ _ |-'—| B aMC@NLO+Pythias (H 14)
Fiducial region: e A Pouncispytniad 04,2)
P >20 GeV : % MadGraph+Pythia
T,Jet '
<25 : * 4 ¥k Pythias (wotg3)
ml . + o Pythias (wgtgs)
ARIj>O'4 E #  Pythia8 (wgtgs, sgtq=0.25)
ﬂ{' S\ Powheg+Pythias (inclusive tf)
) ‘_/f_ﬁ [ 1 1
5 10 15 20 25 30 35 20 40 60 80 500 1000 1500
th dilepton [ﬂ:'] . UE?: dilepton [ﬂ]] . ﬁg lepton-plus-jets [fb]
o(ttbb)(pb) lep+ijet Dilepton .
(ttbb)(pb) (PAS-TOP-13-016) (Phys Lett B Lepton+jet:
746:132) Phase space: P, ,,>50 GeV, In,,,[<2.5,
CMS 0.27+0.10(stat)  0.36%0.08(stat) |ARajj|>0'5 (b-parton)
+0.03(syst +0.10(syst .
Parton Level (syst) (syst) Dilepton:
Phase space: P.. >40 GeV
NLO 0.23+0.05 P Taet
ATLAS:
EPJC 2016 76:011
01/06/2016 A. Sidoti - Rencontres Blois 2016 gmglPAS-TOP-l?)-OlG (lep+jet) 18

arXiv:1510.03072
Phys Lett B 2015 746 132 (dilepton)


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2014-10/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-13-016/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-12-041/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-13-010/index.html

tty (7 TeV ATLAS - 8 TeV CMS) Yo

ATLAS: P

ty vertex accessible only measuring tt+y production Efl\l/lyg; Rev. D 91, 072007 (2015)
Distinguish vy radiation:: CMS PAS TOP-13-011° i
in top production or decay processes : L : i
- interference with NLO S'gnalﬁﬂg:fﬂgiﬁﬂ;&iemplat LH fi
CMS preliminary {s=8 TeV K x&:{f:‘ﬁjé‘? 2D S uncert. G p
S o6l L LA L L R B s —Jared
E L real 2 2000 —
a Clfake E -
g 0.4} = E 10
e | :
z |
0.2+ — E
_ y | i Dé | I('_il Idlhé:l.l' II%IIIGI‘-{EG
- r arge aaron 1Isolanon e
I_‘_I"_l_l_'_l_| T B R ATLAS:
0 2 4 6 8 10 n _ 417 i
Charged hadron isolation / GeV Gfid(tt’Y_)XBR = 63+8(stat) _13(syst)il(lum|) b
Fiducial cross section: Oneo(lY)XBR = 48210 tb (LO + k factors) th
ATLAS: P_y> 20 GeV) AR(y,))>0.7 CMS
CMS: AR(y,b-jet)>0.1 o, (tty)=2.4+0.2(stat)£0.6(syst) pb
(measurement of pp —-WWhbby ) cstheo(tfy) = 1.8+£0.5 pb (LO k factors) pb
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2012-07/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP13011

ttW and ttZ (13 TeV)

Theory prediction at 13 TeV (ttZ x 3.5 wrt 8 TeV, ttW x 2.4)

o(ttZ) = 839.375(scale) T22(pdf) 722 (as) fb

o(ttW)=570 fb (~10% uncertainty)

Irreducible background for Higgs (ttH) and BSM
searches with multileptons signatures

o(pp — tZ) = 1065 1373 (stat.) T155(sys.) fb

Multilepton channels:

ATLAS: CMS@13 TeV
ttW Same Sign dimuon and trilepton -

ATLAS and CMS: o(ttZ)= 0.92+0.30(stat) £0.11 (syst) pb
Trilepton and 4-lepton channels o(ttwW)= 1.38+0.70(stat) £0.33(syst)pb
Method: cut&count analysis using different signal regions ATLAS@13 TeV

(different jet multiplicities and b-tag multiplicities)

Evaluate reducible background using data-driven methods
ATLAS: (ttW and ttZ @ 13 TeV)

ATLAS-CONF-2016-003
With more statistics — go differential!

- - CMS (ttZ @ 13 TeV):
Handle for anomalous gauge couplings or EFT studies CMS-PAS-TOP-16-008

01/06/2016 A. Sidoti - Rencontres Blois 2016 20


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-003/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-16-008/index.html
mailto:ATLAS@13
mailto:CMS@13

ttW and ttZ (13 TeV)

% — ATLAS Prelir'r|1inary 4 Data I Wtz -
' & - \s=13TeV,3.2fb" W mwz -
E ATLAS Prellmmary +Data .nz = Post-Fit 77 iz
i (s=13TeV,32 fb" Wi Bz 3 107 - NI Wz W _
pom ] s E : ATLAS: ttw vz mw
10° ATLAS ttz B Cther Fake lepto _§ L /WW"/ 77 Uncertainty N
7 Uncertainty E _
10 = 10
s - -
1= -
= E———
L TE ! | I =
"E T s E E
Bk ;}/ E N e T e ///%// ey
S BRI B s B :
o 05 B _; o E ) N R =
a E LWZ ﬂ‘zz 3L, <U-8
-C -C 02',2 S
3L WEC zz 33_ ‘?-? 4;“-2;“-"-2&33 nczel Sk ;l'. SFeb-!‘_ DF.fb DFQb R R b
IR DAL WAL BLNLELIN B B NS LR
L ATLAS Preliminary -4 Data Wiz i
12 \s=13Tev,32f" MW mwz N
3 2z Wz . . . .
o[- we  me 3 Pre-fit 3-lep ttZ Signal region
- [ Other Fake leptons
i Uncertainty ]
8_ ]
6 7
at .
ol
0F
15 |
01/06/201' 051 g_,.....,.........,..... PATLIIL SAITITD " FIFFIIL. VEF TS S FIFY .,.._E ‘idoti _ Rencontres Blois 2016 21

140 160
ET™® [GeV]
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ttW and ttZ (13 TeV)

CMS Preliminary 2.7 b1 (13 TeV) CMS Preliminary 2.7 b1 (13 TeV)
» 90 T T T T 2 o | 3
c = ] c ._ ]
S 80} iz 3 2t 5 riaal
L 70 : . wWZ - 5 j— [rare —
"""" . - i ttx N
60 . fiX ~ aF WZzz -
50 D rare _ : !
40 s 3r E
7% . data-driven - - .
30 Gz = of . .
20 —+— Data 1 C ]
O g W ]
1 I

2j(=0b) 2j(=1b) 3j(=0b) 3j(=1b) 3j(=2b) 4j(=0b) 4j(=1b) 4j(=2b) 2j(=0b) 2j(>1b)

CMS: three lepton CMS: four lepton
01/06/2016 A. Sidoti - Rencontres Blois 2016

ATLAS-CONF-2016-003 CMS-PAS-TOP-16-008
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I Measurement Summary

Measurements 7 TeV 8 TeV 13 TeV
Inclusive Cross Section v v v
Differential Cross section (Resolved) v v v (CMS)
Differential Cross section (Boosted) v v

tt + jets v v v (CMS b-

jet)
(ATLAS jets)

tt + photon v v

tt+W/Z v v (ATLAS
W and 2)
v (CMS 2)

01/06/2016 A. Sidoti - Rencontres Blois 2016 23



I Conclusions

Toward precision measurement in tt cross section
Exploit increase of Vs for differential measurement
— Search for physics BSM (enhanced in boosted region?)

Improve precision and MC tuning of tt+y/jet(HF) /W/Z for better

background determination

tt+Z for top-Z boson couplings (BSM searches, EFT parametrization ....

01/06/2016 A. Sidoti - Rencontres Blois 2016
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I Ttbar xsection Measurements

ATLAS+CMS Preliminary LHClOpWG

NNLO=MMLL PRL 110 {2013) 252004

T My =172.5 GeV, u,{Mz] =0.118=0,001
scala uncarainty
scdla ® PDF @ a uncarlainty

o - summary, = =13 TeV

May 2018

P e S S B

T =[stat) = sysl) £ (lumi) scala uncarainty

scala ® PDF @ oy uncafainty

Eftect of LHC beam

emnergy uncerlainty: 12 pb
[ invchudled i the figure)

CT14 PRD 93 (2018) 033006
Eftect of LHC beam

enengy uncerainty: 4 2 po
{mot ncluded in the figure)

ABMIZ FRD 8o (2015) osa02s
|}¢$[MIJ=D.11:3]

400 600

ATLAS+CMS Preliminary LHCIOPWG

MMLO+MMLL PRL 110 (2013) 252004
' My = 172.5 GaV, 1.-:‘{sz =0.118:=0.001

o -summary, Vs = 8 TeV

lotal sta

o, =(stat) =(syst) =(lumi)

May 2016

ATLAS, dilepton ey * —— 803+ 7 + 27 = 45 pb . .
ATLAS-CONF-2016-005 P ATLAS, lepton+jets —#— 260+ 1 '% + 8 pb
L, 21" i PRD 21 (2015} 112013, L =203%"

_ . CMS, lepton+jets : + 3.8+ +
ATLAS, dilepton -E.‘E'.Ir|.l.|.l= - 749 + 57 + 79+ 74 pb ArX1502.00020, L 196 B —te— : 228.5+3.8+137+6.0pb
ATLAS-COMNF-2015-049 "
L,,=85 o’ i CMS, lepton+, ——to—— 257+3+24+7pb

PLE 730 (2014)23, L =196&"

ATLAS, l+jets * I [P | £ 194 + .
ATLAS-CONF-2015 049 ' T | 817+13+103+83pb ATLAS, dilepton ep Ty 242.4+1.7+55+7.5pb
, -85 pb” ERJCT4 (2014} 3108, L =203 10

| CMS, dilepton (ee, uy, en) |y 239.0+2.1+11.3+ 62 pb
CMS, dilepton ep H—e—: 746+ 58+ 53 + 36 pb JHEP 02 (2014} 024, L,=53&" P
PRL 1 16 (2016) 052002 . :

Lo=43 g0, 50ms LHC combined ey (Sep 2014) 241.5+1.4 + 5.7 « 62 pb
ATLAS-CONF-2014-053, CME-PAS TOP-14-018,

CMS, dilepton ep * —a—i 793+ 8 +38 + 21 pb Ly=5.320.3 1"

CME-PAS-TOP-1 8005 : - ;

1 : CMS, dilepton en i 2449+1.4"'2 +6.4pb
Lo=2.2107, 2503 : anv:1603.02303, L, =197 b" WE A5 =0AP
CMS5, l+jets * | : ' : | 836+ 27+ 84+ 100 pb CMS, all jets I | |
CME-FAS TOP-15-005 EPJCT6 (2016) 128, Li,=184 0" 2756 +61+378«72pb
L, =42 po

NNPDF3.0 HEP 04 2015) 040 MMPDF3.0 JHEF o4 (2015} 040
MMHT 14 EPJ C7s (2015) 5
" Preliminary | I I I MMHT 14 erac7s (2ms) s

CT14 PRD 83 (2016) 033006

ABM1 2 PRD 82 (2015) 054028
[-:J,s[HIII-=CI.113]

ontres Blois 2016
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Ttbar inclusive cross section measurement
at 7 and 8 TeV: CMS (Legacy)

Source Uncertainty [%] - - Illl1lg.sflb[3:'a‘~"l = 1800 T

7TeV 5TeV {3‘ ssook- E 8
Trigger 1.3 1.2 o o 1600
Lepton ID/isolation 15 15 = = La0o
Lepton energy scale 0.2 0.1 ;C: a0oop .Backﬂmnnd E 1200 . Background
Jet energy scale 0.8 0.9 m Fit y3Indf = 0.92 @ Fit y2Indf = 0.73
Jet energy resolution 0.1 0.1 1500 E
tW/EW 1.0 0.6 —;
DY 14 13 1000 =
tfhkg. 0.1 0.1 CMS E
tEV 0.1 0.1 500 :
Diboson 0.2 0.6 ] ;
Wjets/QCD 0.1 0.2 %" 50 100 150 200 250 300 350 400 450 500 %™ 50 100 150 200 250 300 350 400 450 500
b-tag 05 05 M,, (GeV) M,, (GeV)
Mistag 0.2 0.1
Pileup 0.3 0.3
lg, Mg scales 0.3 0.6
ME /PS matching 0.1 01
MADGRAPH vs POWHEG (.4 0.5
Hadronisation (JES) 0.7 0.7
Top quark pr modelling 0.3 0.4
Colour reconnection 0.1 0.2
Underlying event 0.1 0.1
PDF 0.2 0.3
Integrated luminosity 2.2 2.6
Statistical 1.2 0.6

Cq . CMS (7 and 8 TeV):
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 ATLAS: resolved

==1 E/mu PT>25 GeV
Resolved:

>=4 jets PT> 25 GeV

(>=2 btag jets)

Boosted:

>=1 bjet (70% eff)

>=1 1ljet R=0.4 (PT>25 GeV)
DeltaR(lep)<1.5

1 Large R jet PT>300 GeV
sqrt{d12}>40 m>100
DeltaR(lep)>1.5

MET>20 && MET+MTW> 60 GeV

Ttbar differential xsection

CMS:

Resolved

Both lep+jet and dilep
Ptlep(e/mu)> 33/33 GeV
Ptlet (e/muj)>20/20
Boosted

PTJet>35 GeV
Ptjet(R=0.7)>400 GeV
Ptlep(e/mu)> 35/20 GeV

01/06/2016 A. Sidoti - Rencontres Blois 2016
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Differential xsection Measurement

Lepton + jet channel reconstructed: e/n (CMS

also dilepton) JE >25GeV  One isolated letpon
Reconstructed variables:

. ) P._>25 GeV (e/p)
Hadronic top: P_, y; tt system P_, y,... _
—~ Particle level (Fiducial phase space) At least one b-tag jet

:: "I .l’

— Parton Level (Full phase space) ' : b M— Fr
[ L] _ v
: : t t

Detector?| E. Now Ny, : Pog ,\Kf\/\; +

Radiation sensitive: A9, ... Jet multiplicity (amd\:{’;

AR) according to
Two kinematical regimes: topologies

Resolved (small boost of top quark) Both CMS and ATLAS are providing

Boosted (requirement Large-R jets) RIVET routines easing comparison with
— use jet substructure to reduce QCD background theory

Resolved topology » Boosted topology
partially merged,
un-merged boosted W

fully merged

< 300 GeV 300-350 GeV




I Differential xsection

source particle [%] parton [%]
statistical uncertainty 1-5 1-5
b tagging 2-3 2-3
jet energy scale 5-7 68
jet energy resolution <1 <1
lepton selection 3 3
E%‘iSS (non jet) <1 <1
pileup <1 <1
background 1-3 1-3
PDF <1 <1
fact./ren. scale <1 <1
NLO generator 1-6 1-10
parton shower scale 1-5 2-9
POWHEG + PYTHIA8 vs. HERWIG++ <3 1-12
CMS

Typical uncertainties

01/06/2016 A. Sidoti - Rencontres Blois 2016



T RNy LY

CMS 19.7 fb" (8 TeV)
TO[ ot
= Total syst. uncertainty ~—— t tagging efficiency ]
60~ —e— Statistical uncertainty Background normalization —
F Int. luminosity - ¥ - Generator+parton shower
50 —=— Jet energy scale —=— PDF uncertainty =
» Jet energy resolution Moo B scales .
40 =
30 =
WE R RS Sa ;j
F el ]
10 PR o o . 23
- 3 i w ¥
e ]
Ty T b b e b T e b )
200 500 600 700 800 900 1000 1100 1200
Top quark P, (GeV)
CMS:

Resolved EPJC 75 (2015) 542
Boosted arXiv:1605.00116 (Subm Phys Rev D)

Typical
Uncertainties
Particle-Level

(%0)

Modelling

pdf

Jet
Energy
Scale

b-tagging

A. Sidoti - Rencontres Blois 20Bgosted Phys. Rev. D93 (2016) 032009

ATLAS

Resolved
arxiv:
1511.04716

3.2~8

<1

1-4.4

0-2

ATLAS

Boosted

Phys. Rev. D93
(2016) 032009

7~27

0.3~1.2

13-22

0,3~4.4

CMS

Resolved

EPJC 75 (2015)
542

3

0.1

1.6

0.6

Differential xsection Measurement: 8 TeV

CMS

Boosted
arXiv:1605.001
16

4~30

1~8

Range of uncertainties for various P_ bins

ATLAS:

Resolved: arXiv: 1511.04716 (Accepted EPJC)
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Differential xsection Measurement: 8 TeV

'_I"— D DDB __ T I T T T T I T T T T I T T T T I T T T T | T T T T | T T T T | T LI :

% 7T ATLAS+CMS Preliminary LHCIOPWG ~ (5=8Tev, Nov2015

O] = ; 1 =

9 ooor " ATLAS L3 -

=2 - ' ' * CMS,L=19.7fb? B

o 0.006— : | arXiv:1505.04480 —]

B = | : —— NNLO (MSTW2008 PDF) 3

© 0.005F : T§o %1 aivi511.00549 -

B - : ] approx. NNNLO (MSTw2008 PDF) B

= 0.004 = : PRD 90 (2014) 014006 =

: = { == DiffTop approx. NNLO (CT10PDF)

- : JHEP 01 (2015) 082 -

0.003[F- - =

~ Lg = =B, —]

= B -

0.002F- : -

B ! ]

- i —

0.001 '"""“"’iu =

— L e .

= L - =

_.::'.'.-:1-.'.'1;:'1;::';:::':::;!:;?!::?

E\ 1.4 :_ ................... C Msstat @Syst uncl. ............... T I I E

E 912:_ ......... [ ATLAS stat. & SYSL UNC. oo =

|2 I e T e

g ZO.B III“IIII;I“III“IIIIII“I;I“I“III“IIII“I“III“IIIII“IIIIII“IIII“III“I“IIII“III“I“I;I“II“II““I“I;“II““II“I | 1 L_L 1 | 1 L1 Iq
o 0O 50 100 150 200 250 300 350 400

Resolved ptT [GeV]
Comparison with NNLO predictions

https://twiki.cern.ch/twiki/pub/LHCPhysics/LHCTopWGSummaryPlots/tt_xsec_diff 8TeV_toppt.
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https://twiki.cern.ch/twiki/pub/LHCPhysics/LHCTopWGSummaryPlots/tt_xsec_diff_8TeV_toppt.pdf
https://twiki.cern.ch/twiki/pub/LHCPhysics/LHCTopWGSummaryPlots/tt_xsec_diff_8TeV_toppt.pdf
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CMS

19.7 0" (8 TeV)

Total syst. uncertainty
—e— Statistical uncertainty
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Jet energy resolution
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Systematic uncertainties
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Ttbar differential xsection:
Boosted

http://arxiv.org/abs/1605.00116
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2310 (13 TeV)
L
w, 10 = CMS  I+jets parton —+— data
© = Preliminary ] sys @ stat
O - 7 stat.
0 T e — - Powheg P8
a e == ---- MG5_aMC@NLO P8
— = 5= — — appr. N'LO phys. Rev. 031, 031501
= = = —  — MLO+MNMLL' aciv: 1801 07020
'8 ;l'_ﬂm L - == NMNLO Prys. Rew. Leat 118, 03200
© = —_—
10 & | TOP-16-008
= e e e
'1G_3 SN TN B A R N B | | | | |
>e..E - - - _-——- - ==
8 E 1.5 o
:_ﬂ _'—-—'_-___-—l_-w—__.-_.:-::-r-_.:-:::
— -1 === —

Momentum of hadronic top

Lepton + jet selection
Parton level measurement

CMS:

(lep + jet) CMS-PAS-TOP-16-008

(dilepton) CMS-PAS-TOP-16-011
01/06/2016

Differential xsection Measurement: 13 TeV

First 13 TeV Measuremhn" AifHFAvrAantial maAaAa~TIirA~AAKE

CMS Preliminary 2216713 TeV)
— 10T T T LI I L IR L ~
- E Dilepton s Data
@ [ — Powheq v2+Pythial i
lf-_:j, 2 m Appros. NNLO JHSR o @ois) 082
ol-a- LU 3 s Approx. N'LO PRD o gois) cos0n
- T MLOHRIMILL ar ¥ 6060700
1_| ;F: &  MNMNLD e pradm., ar ¥y 151 00543 :
bt
107 -
TOP-16-011
107 F E
[ 11 ! | I | ! | I I | } | I I | ! 11 ! 1 I-
i Stat. i
15 |1 Stat. & Syst. —
e P8 B ]
]
~ 1 B

0 100 200 300 400 500
pt [GeV]

Invariant mass of tt system

— test production modes at threshold

BSM searches:

 Bumps for X —tt

 Interference SM < - BSM

» Test EW corrections

A. Sidoti - Rencontres Blois 2016
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https://cds.cern.ch/record/2140061/files/TOP-16-011-pas.pdf

CMS Supplementary (u+jets) 19.7 fb' (8 TeV)

% 1200 | | | 80
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Distinguish vy radiation::

In top production or decay processes
- interference with NLO

—_—
o
[+

tty (7 TeV ATLAS - 8 TeV CMS)

ATLAS:

_ _ - _ Phys. Rev. D 91, 072007 (2015)
ty vertex accessible only measuring tt+y production cws:

CMS PAS TOP-13-011

LA I L I L I B
ATLAS

> . 7
8 a3 Electron channel 3
- — 4 4 Daa E\

B ATLAS I I I Electron channel % ~ |\s=7TeV, |Ldt=4.59fb [ Signal ]
0 B p —4— Data - > i [ ¥ background ]
2 | {s=7 TeV, |L dt=4.59 fb ]ty _ D Hadron fakes _

B i neEsE Total uncertainty from fit ]
Iz [ OSSSS [ W-+jets | - £
% - B Multijets . u :
(] 50 I Other bck. - .

Uncertainty | - \;

N 8
im%-h o Ty E
I R~ L
i | I [l ] |

o 3 ¥ R J | R
5  2F 1072
o ‘ P2 [GeV]
O
= 0 20 40 60 80 100 120 140 ATLAS:

Photon E; [GeV]

o, (ttY)XBR = 6318(stat)*”_ (syst)x1(lumi) fb
G,..(ttY)XBR = 48+10 fb (LO + k factors) fb
CMS

0., (tty)=2.4£0.2(stat)£0.6(syst) pb

(tty) = 1.8+0.5 pb (LO k factors) pb
36

Fiducial cross section:
ATLAS: P_y> 20 GeV) AR(y,))>0.7
CMS: AR(y,b-jet)>0.1

(measurement of pp —-WWhbby )
01/06/2016
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2012-07/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP13011

tt+t (4 tops)

w [ T T T T T T T T

S 10?“ ATLAS Preliminary 4 Data 2015 Wttt (SM) []tt + light -

I [ {s=13TeV,321b" i+ bb i

L []tt + cC tt + bb [Jit+V/H
10'5 e Pre-fit [JNon-tt 7 Uncertainty ;
105 . Control Regions Signal Regions -

W,
= ;

- W

513@ 5135 511»% fﬂfeb @’3@ thqb -~:i'4;,:,‘5,£J gy “?Q'A.;;b

Data / Pred.

Pre-fit

ATLAS:
ATLAS-CONF-2016-020
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tt+jets
Sensitive to higher order QCD effects
- mismodeling of tt+jets — unertainties in measurementes where tt+jets are background

. 19.7 o' (8 TeV)

B L B R A A A B
bZ 1_— ATLASPrehmlnary—_ — T L I S T TT
o E a 3 | T I T | |
T 13 TeV, 3.2 b 3 > H 1
o T e add. jet p, > 25 GeV ] & 107t CMS ©opam |
- - - ~ E Madgraph+Pythia6
10 & - e t - MC@NLO+Herwig6
E rvveilivrey 3 — ’ill‘ - - - - Powheg+Pythia6
C 3 » _
L channel === » _8_" 107 | <o PowhegeHerwigs
ep-channe _—
10_2 — —— Powheg+Pythiab = © HS RO
F — - Powheg+Herwig++ = 1
[ ---- aMCAINLO+Herwig++ ]
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CMS: differential cross section

as a function of pt of b-jet
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