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Top pair signatures

e Rich topology allowing a plethora of studies
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Focus of this talk: tt-bar
inclusive and differential
cross-section
measurements in ATLAS

at 13 TeV
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branching ratios (Wtb, rare decays)
associated production (H, W, Z, y)



Why the top quark cross-section?

Strong tests of pQCD and SM
+ Sensitivity to gluon PDF at high pr, o, top quark mass

Measurement of QCD radiation (additional jets)
produced with ttbar is crucial for tuning MC generator
parameters

+ Improve modelling of parton shower and hadronization

+ Improve overall top kinematics description

tt(+X) is an important background of rare SM processes
like ttH

If new physics exists, likely to couple with the mass

+ Top quark sensitive to new physics searches

+ tt(+X) is important component of new physics signature
(SUSY, exotics)

= Differential distributions more sensitive in probing such
signals compared to inclusive
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Inclusive ttbar cross-sections

ATLAS+CMS Preliminary LHCIOPWG . summary, fs = 13 TeV May 2017
NNLO+NNLL PRL 110 (2013) 252004 o

"""" Myop = 1725 GeV, o, (M,) = 0.118+0.001 T
scale uncertainty total stat _
scale ® PDF @ o uncertainty 0,7 £ (stat) £ (syst) = (lumi)

ATLAS, dilepton eun ; |‘H"‘| 818+ 8+ 27+ 19pb
PLB 761 (2016) 136, Lim =3.2fb

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

ATLAS, l+jets * | it | 817+13+103+88pb
ATLAS-CONF-2015-049, le =85 pb'1

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

CMS, dilepton en . .y 815+ 9+ 38+ 19 pb
EPJC 77 (2017) 172, Lint =221, 25ns :

CMS, l+jets - 835+ 3+23+23pb

arXiv:1701.06228, L =23 b

CMS, all-jets *
CMS-PAS TOP-16-013, le =253f"

—+e+— 834+25:118:23pb

: NNPDF3.0 JHEP 04 (2015) 040
i MMHT14 Eepuc 75 (2015)5

" Preliminary CT14 PRD 93 (2016) 033006
15 Tev @5%;1:20'?23)89 (2015) 054028
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Inclusive tt cross section [pb]
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Tevatron combined 1.96 TeV (L < 8.8 fo'™")
CMS dilepton,l+jets* 5.02 TeV (L=27.4pb™
ATLAS epn 7 TeV (L = 4. 6 fio™")
CMSen7TeV(L=5fb")

ATLAS en 8 TeV (L=20.2 fb Y
CMSeu8TeV(L=19.7 fb")

LHC combined en 8 TeV (L = 5 3-20.3 o)
ATLAS en 13 TeV (L=3.2 fb Y
CMSeu13TeV (L=22fb")
ATLAS ee/up* 13 TeV (L =85 pb )

ATLAS+CMS Preliminary
LHCtopWG

May 2017 |

ATLAS |+jets* 13 TeV (L =85 Pb
CMS l+jets 13 TeV (L=2.3fb")
CMS all-jets* 13 TeV (L = 2.53 fb b

* Preliminary
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 Measurements are in agreement with theory

e Inclusive measurements uncertainties are dominated by theory

uncertainties

+ What can we (as experimentalists) do, to help improving theory uncertainties?

= Do differential measurements
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Cross-section ratio: o®t(tt)/g'id(Z)

e Use previously published ATLAS measurements of ttbar and Zell JHEF 02 (2017) 117

e Correlations for systematic uncertainties ATLAS
7TeV, 4.6 10"
taken into account

data * total uncertainty 7- 7; \/

data * stat. = exp. uncertainty
data + stat. uncertainty

e |Important systematics cancel out

|
|
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S e Many more ratios are studied


https://arxiv.org/abs/1612.03636

Jet multiplicity in epg channel
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Number of additional jets


https://arxiv.org/pdf/1610.09978.pdf
https://arxiv.org/pdf/1612.05220.pdf

Jet multiplicity: results
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e Reasonable compatibility between data and predic

* Some sensitivity on QCD radiation scale variations
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https://arxiv.org/pdf/1610.09978.pdf

Lepton+jets resolved

pr > 25 GeV pr > 25 GeV

n| <2.5 In| < 2.5

O ~tw I m < 2.5
pr > 25 GeV y,
| < 2.5
—=1 lepton
" > =0.4 jet, > 2 b-j
N . V. > 4 R=0.4 jet, > 2 b-jet pr > 25 GeV
o explicit requirement In| < 2.5

More background compared to di-lepton

Medium branching ratio

ATLAS-CONEF-2016-040, analysis on 2015 dataset (3.2 fb™)

Unfold to the usual set of top and ttbar observables: p%, |yt|, pt, |yt|, mtt


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-040/

Cross-section with boosted tops

Z‘S AOOSZ‘e
Wt @t w :@

o ATLAS-CONF-2016-040, analysis on 2015 dataset (3.2 fb")
e A/l ~hadronic e
boosted
>« O > leg

 ATLAS-CONE-2016-100, analysis on 2015+2016 dataset: 14.7 fb-'

'= Fore more details, M. Romano’s talk on boosted objects



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-040/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-100/

Control plots
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Large-R jets +18 / -15
Monte Carlo signal modelling +17
b-tagging +13 / -12
Pileup +2.9
Luminosity +2.9
Small-R jets +1.0
Total Systematic Uncertainty 429 / -24

MC generator
modelling
systematics
important in all
analyses

¢ Jet related

systematics
important as well
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e MC predicts harder pr spectrum than the one observed in Data

in all channels

* Similar slope
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e MC predicts harder pr spectrum than this observed in Data

* Similar slope in all channels
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Top pair mass
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Conclusions

o After Higgs boson discovery: biggest anomaly is -theX750-GeV-diphoton-

-resonanee the non-observation of new physics
e Attacking the TeV scale on the most important front: the top sector

+ Broad range of differential ttbar cross-section measurements, important for
SM and BSM physics

* Analysing 13 TeV to cover corners of phase space not accessible in RunT

+ Larger uncertainties are often the MC modelling and jet energy scale
* Measurements provide discriminating power between MC models

+ Use this information to improve MC modelling and thus reduce MC

modelling uncertainties @_

using the full 2015+2016 dataset
= Stay tuned!

= More elaborate results to come
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PDF interpretations

Red = area accessible at LHC

Blue = area accessible using tt decays

Green = HERA measurements (mostly q)

LHC Parton Kinematics
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How well do we know the gluon density

One glue to bind them all
NNLO, Q*=100 GeV?, ay(M )=0.118

Gluinos, KK gravitons,
I I
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Exploit PDF-sensitive LHC measurements to constrain the gluon at small-x!
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Impact ot top cross sections on the gluon (NN

Impact on the gluon

DF3.1)

¢ The best precision in the large-x gluon is achieved by combining jets with top-pair and Z pt data

¢ In terms of constraining power at large-x, we find the hierarchy: jets > ttbar differential > Z pt

53
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e MC predicts harder pr spectrum than this observed in Data

* Similar slope in all channels
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Top pr.in Run 1

LHC Top Working Group
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e Similar behaviour observed in Run 1
e Confirmed by ATLAS and CMS
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/TOP/

MC Modelling studies
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e Comparison between unfolded ATLAS data and various MC generator predictions

» 7,8, 13 TeV RIVET routines

* Improve modelling of data through development of new MC generator configurations
» Optimization of Powheg + {Pythia8, Herwig7}

* Tune intrinsic merging and matching parameters
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1072

1073
1.3
1.2
1.1
1.0
0.9
0.8
0.7

- Different parton shower interfaces

0 100

8 TeV

—e— ATLAS Data, /s = 8 TeV

Powheg+Py8, hyamp = 0.5-
—— Powheg+Py8, hyamp = 1.0-
Powheg+Py8, hyamp = 1.5-
Powheg+Py8, hyamp = 2.0-

Particle level, absolute cross-section

P

rntop
Mtop
mtop
I"ntop

it

—:
—

T IIIIIII|

|

—|_|_|_

IIIIIIlllllllllIIllIIIlllIllllIlllllll[

200 300 400 500 600 70t(f)
pT [GeV]

800

1074

1.2
1.1
1.0
0.9
0.8

Expected/Data

13 TeV

Particle level, relative cross-section

—e— ATLAS Preliminary, v/s = 13 TeV
Powheg+Py8, hyamp = 0.5-

mtop

g . —— Powheg+Py8, hgamp = 1.0- My,
- Powheg+Py8, hgamp = 1.5-myy,
- — Powheg+Py8, hgamp = 2.0- My,
I =S
3 =
EIIIIIIIIIII]IIIIIIIIIII[IIIIIIII
I
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 100 200 300 400 500 600 70&) 8(
pPT [GeV]

hdamp parameter is used as a resummation
damping factor, which is one of the parameters

- Different NLO generators including NLO multileg generd controlling the ME/PS matching in Powheg and
effectively regulates the high-pT radiation.



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2016-020/

ttbar reco

e Dilepton: neutrino weighting method
* Under-constrained of kinematics equation cannot be solved analytically
® Add constraints: mass of the top, mass of the W, eta of neutrinos
(b12 +v12)* = my, = (80.2 GeV)?,
(€12 + vig + b12)* = m? = (172.5 GeV)?,
n(), n(v) =n1, n2,
e Scan on eta from -5 to 5
e The observed met value in each event is used to determine which solutions are more likely
to be correct

* Two possible solutions for each assumption of n(v) and n(v’). Only real solutions without
an imaginary component are considered

* Lepton+jet: pseudo-top algorithm
e Neutrinos 4-momentum
e -Xx, -y from Met-x, Met-y
e -z component calculated using the leptonic W boson mass constraint
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Unfolding of detector-level measurements

® Unfolding: making detector (reconstruction) measurements comparable to theory
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The unfolding “|
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(1) Event selection
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(2) tt kinematic reconstruction
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e Subtract background

» Unfolding: correct for
detector effects and
, acceptance
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