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INGREASING AMOUNT OF DATA!
N Run: 266919

‘ . "Ht, proton-proton collisions at Event: 19982211
| 13 TeV centre-of-mass energy 2015-06-04 00:21:24

tt candidate event @13 TeV
(l+jets channel)



|NCREASING AMOUNT OF DATAI
Run: 266919

proton-proton collisions at Event: 19982211
13 TeV centre-of-mass energy 2015-00-04 00:21:24

tt candidate event @13 TeV
(l+jets channel)

. ~800k (4.6/fb, 7 TeV) - y
S 2012: ~5.1 million (20.3/fb, 8 TeV)
S 2015: ~2.6 million (3.2/fb, 13 TeV)  § /=

2016: ~16 million (20/fb, 13 TeV = e
P N@ISTeV /N@STeV ~ 4B

TLA

@ PER"V'E Thanks to outstanding LHC performance
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TJ-PRODUCTION AT THE LHC

e

Mainly produced through gluon-gluon-fusion
* Constrain gluon PDFs especially at high x

* Extract as, Mop, ..

Probe pQCD to higher orders

* Probe different renormalization and factorization scales
* Probe matching procedures and tuning parameters
* Constrain modelling of parton shower and hadronisation

Similar signature to new physics searches

® Deviations in differential distributions that might not be detectable with
inclusive cross-section measurements

* Reduced modelling uncertainties enhance sensitivity to new physics
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* Important background for searches
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TT PRODUCTION AT THE LHC

Run: 266919
Event: 19982211

Mainly produced through gluon-gluon-fusion 2015-06-04 00:21:24
* Constrain gluon PDFs especially at high x

* Extract as, Mop, ..

Probe pQCD to higher orders

®* Probe different renormalization and factorization scales

* Probe matching procedures and tuning parameters
* Constrain modelling of parton shower and hadronisation

Similar signature to new physics searches

® Deviations in differential distributions that might not be detectable with
inclusive cross-section measurements

® Reduced modelling uncertainties enhance sensitivity to new phy5|cs ]

s ATLA

* Important background for searches
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Interface between state-of-the art theory calculations, MC
generators and experiment
* Common definitions across ATLAS and CMS and theory community |
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DIFFERENTIAL MEASUREMENTS

‘ Top-quark definition

« detector level

® Covered phase-space

e detector

Detector phase-space, detector level measurements

* Depends on detector response modelling (resolution & efficiencies)

o 1 . 0
® Cross-section definition Experiment dependent, not theorist accessible




’/\f ® Top-quark proxy using
‘ reconstructed decay products
after hadronisation

—directly measurable quantities

‘ Top-quark definition

- particle level

® Covered phase-space

« fiducial

® Decay topology

® Cross-section definition




DIFFERENTIAL MEASUREMENTS

fo
fo &

K7 v @ Top-quark proxy using
v [ reconstructed decay products
after hadronisation

|
@ Top-quark definition

- particle level

—directly measurable quantities

® Covered nhase-sbace

Truth object definitions LHCIOP WG

(based on parti'cles with Tparticle = 3x 10! S) | —

* Leptons— Prompt either directly or through t-decay (not from hadronic decays)

> Charged (e/p):Additionally corrected for non-measurable radiative effects
— add prompt-photons in AR < 0.1

* Particle jets— Clustering of all stable particles, except the dressed leptons and photons, using
anti-kt algorithm (R = 0.4[0.5])

* Jet flavour ID— b-jets are jets containing a B-hadron using ghost matching
— re-cluster jets including B hadrons (pr > 5 GeV) with momentum scaled to negligible value

o f

® Cr o Large R-jets— To be discussed

Top-quark proxy identification

* Algorithm to define the top quark pair using constraints on M, Mw, AR-separation, pr, ...

* Kinematic- and fiducial volume selection similar to detector acceptance



|
@ Top-quark definition

- particle level

® Covered phase-space

« fiducial

® Decay topology

® Cross-section definition

b / ®* Top-quark proxy using
reconstructed decay products
after hadronisation

—directly measurable quantities

Fiducial phase-space, particle level measurements

* Based on well defined quantities

* Matches detector phase-space closely
— minimizes theoretical uncertainties from experimental side

* Unfolding procedure for detector response needed
* Probe of parton shower and hadronisation models
* Not directly comparable to ME calculations

- —



DIFFERENTIAL MEASUREMENTS

| |
® Top-quark definition SR i~ ® Top-quark after radiation but
b before decay

- parton level s — :

® Covered phase-space

Full phase-space, parton level measurements
* Probe latest NWLO + N(NLL pQCD
® Constrain PDFs
* Extract as, Mop, ...

® Cross-section definition

* Increased model dependence

N\



RECENT RESULTS

7/8TeV (

§[ resolved, particle

‘larXiv:1605.00116  resolved, parton

‘| boosted, parton/particle

L+jets ~ dilepton  all-had
Phys. Rev. D93 (2016) 032009 ’ ;

boosted, parton/particle

arXiv:1511.04716 arXiv:1607.07281

resolved, parton/particle resolved, parton
JHEP 06 (2015) 100 '

resolved, parton/particle

................................................................................................................................................................................

arXiv:1607.00837

op 1413 arXiv:1509.06076

resolved parton/particle

................................................................................................................................................................................

Eur. Phys. J. C 75 (2015) 542

resolved, parton/particle

13 TeV

l+jets dilepton all-had

CONF-2016-040 TOPQ-2016-04*  CONF-2016-100*

resolved/boosted, particle Eresolved, particle Eboosted, particle .

______________________________________________________________________________ s complete lists:
TOP-16-007 2
TOP-16-008* |  resolved, particle - TOP-16-013 ¢ ATLAS
§| resolved, parton/particle ETOP'16'0" éresolved/boosted, parton «’)C M S [1_’2]
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Measurement of the diffe
production in pp collisiory

CMS Collaboration*
CERN, 1211 Geneva 23, Switzerland

Received: 17 May 2015/ Accepted: 29 September]
© CERN for the benefit of the CMS collaboration

Abstract The normalized differential cra
quark pair (tf) production is measured in
centre-of-mass energy of 8 TeV at the CERJ
CMS detector in data corresponding to an|
nosity of 19.7fb~". The measurements are|
lepton-+jets (/pu-+jets) and in the dilepto
and e* %) decay channels. The tf cross se
as a function of the kinematic properties of
tons, the jets associated to b quarks, the toj
(i system. The data are compared with s¢]
from perturbative quantum chromodynamy
mate next-to-next-to-leading-order precisi
deviations are observed relative to the starj
dictions.

1 Introduction

Understanding the production and propert}
is fundamental for testing the quality of th
(SM) and for scarching for new physical phi
its scope. The large top quark data samy
proton—proton (pp) collisions at the CER]
access to precision measurements that are
ing the internal consistency of the SM at
scale. In particular, measurements of the t
production cross section as a function of tt
ables are important for comparing with th
quantum chromodynamic (QCD) predictior
and thereby constrain QCD parameters. In
quark plays a relevant role in theories bey
such differential measurements are therefor
sensitive to new phenomena [1].

DILEPTON MEASUREMENTS

Available on the CERN CDS information|

CMS Physics

Contact: cms-pag-conveners-top@cern.ch

Measurement of double
quark pair production|

The CN

Normalized double differential cro
measured in pp collisions at a cen|
periment at the LHC. The analyzed|
19.7 fb~". The measurement is perfol
tf system. The tf cross section is mg
two observables characterizing the K
data are compared to calculations i
approximate next-to-next-to-leading
generators that complement fixed-or
zation, and multiple-parton interacti
which is improved when the latest gf
are used in the predictions. The imj
the gluon distribution in the proton|
distribution functions to the data.

Available on the CERN CDS information server CMS PAS TOP-16-007

CMS Physics Analysis Summary

Contact: cms-pag-conveners-top@cern.ch 2016/08/04

Measurement of particle level differential tt cross sections
in the dilepton channel at /s = 13 TeV

The CMS Collaboration

Abstract

Normalised differential cross sections for top quark pair production are measured
in the dilepton (e*e~, p*u~, and uTe*) decay channel in proton-proton collisions at
a center-of-mass energy of 13 TeV. The measurements are performed with data cor-
responding to an integrated luminosity of 2.2 fb~! collected in 2015 using the CMS
detector at the LHC. The cross section is measured differentially as a function of the
kinematic properties of the leptons, b jets, top quarks, and top quark pairs at particle
level. The results are compared to several models of perturbative QCD and found to
be in agreement with the standard model predictions.

ne»r->»

ATLAS Paper

Measurements of top-quark pair differential cross-sections
in the ex channel in pp collisions at /s = 13 TeV using the
ATLAS detector

Abstract

This article presents the measurement of «7 differential cross-sections in events with exactly
one electron and one muon, using an integrated luminosity of 3.2 fo~! of proton-proton data
at a center-of-mass energy of v/s = 13 TeV recorded by the ATLAS experiment at the LHC in
2015. Differential cross-sections are measured as a function of the transverse momentum
and absolute rapidity of the top quark, and of the transverse momentum, absolute rapidity
and invariant mass of the 7 system. The 7 events are selected by requiring one electron
and one muon, and at least two jets, one of which must be tagged as containing a b-hadron.
The measured differential cross-sections are compared to predictions of NLO generators
matched to parton showers and the results are found to be consistent with all models within
the experimental uncertainties with the exception of the POWHEG-Box + Herwig++ MC, which
differs significantly from the data in both pr(r) and m(s7).

CLEAR RESEARCH (CERN)

)

X/

CERN-EP-2016-144
July 27, 2016

rential cross-sections in the
=7 and 8 TeV with ATLAS

fration

s of top quark pair (¢) production are

entum and the rapidity of the 7 sys-
Irgies of /s =7 TeV and 8 TeV. The
fb~! at 7 TeV and 202 fb~' at 8 TeV,
In Collider. Events with top quark pair
ling exactly two charged leptons and at
Jikely to contain a b-hadron. The mea-
id selection efficiency to cross-sections
compared with different Monte Carlo
in. The results are consistent with the

*FIRST TIME PRESENTED ¢




ATLAS: DILEPTON B

Event selection / reconstruction ATLAS | (to be submitted to EPJC)
Overview
elu
anti-k. jets (R =0.4) 13 TeV
exactly two oppositely charged leptons (opposite flavour) dilepton (eu)
____________________________________________________________________________ b 3.2/fb
22 jets (2| b-tagged) Top system reconstruction particle level
] ] o fiducial phase space
- using neutrino weighting method normalized
W - Constraints on My, Mw to find optimal comb. for n(vi,2)
—> two possible solutions compared to measured MET ort || Iyt
.
* Quantitative comparison to NLO MC generators using y*-test and p-values mtt || prtt || 1yt
* Dominant uncertainties
> Statistics, Signal modelling (generator, PS/hadronization and extra radiation), Jet

energy scale

10


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2016-04/

ATLAS: DILEPTON @} >
Event selection / reconstruction ATLAS | (to be submitted to EPJC)
Overview
elu
anti-k; jets (R =0.4) 13 TeV
exactly two oppositely charged leptons (opposite flavour) dilepton (eu)
____________________________________________________________________________ b 3.2/fb
>2 jets (2| b-tagged) Top system reconstruction particle level
) . L. fiducial phase space
- using neutrino weighting method normalized
W - Constraints on My, Mw to find optimal comb. for n(vi,2)
—> two possible solutions compared to measured MET ort | Iyt
.
* Quantitative comparison to NLO MC generators using y*-test and p-values mtt || prtt || Iyt
* Dominant uncertainties
> Statistics, Signal modelling (generator, PS/hadronization and extra radiation), Jet
energy scale ) )| arxiv:1607.07281
LAS (submitted to PRD)
EXPERIMENT ‘
@7TeV also uses same flavour /& 8TeV
channels = cuts to remove Z dilepton
packeground Only tt system variables 4.6, 20.2/1b

W Zapprox 4-mom. of tf system from 2 leptons, 2 jets and MET
- observable resolution ~ 20-35%

* Comparison to NLO MC generators, latest NNLO predictions and PDF sets

e Dominant uncertainties
> Signal modelling, JES

parton level

full phase space
absolute & normalized

mtt

tht

Iyt

10


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2016-04/

CMS: DILEPTON W\}[ Top-,é-om

Measurement at particle level complements Top-16-011 & Eur. Phys.].C 75 (2015) 542

Overview

Event selection / reconstruction 13 TeV
dilepton
2.2/fb

particle level
visible phase space

elu
anti-k. jets (R =0.4)
exactly two oppositely charged leptons

________________________________________________________________________________ normalized
__________________ 22jeis (21 btagged) | N gop reconstrustion
» - algebraic reconstruction of neutrino momenta pr || prt || prt
+ additional cuts to remove Z W & _ = =
background in same flavour channels - pt balance, M¢, Mw constraints yt prtt || y't
- smearing according to detector resolution - -
. o mtt Aq)tt
— increase number of solvable events ~90%

* Comparison to NLO MC generators, different NLO matching schemes
* Dominant uncertainties

> Signal modelling and background estimation

11


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-16-011/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-12-028/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-16-007/index.html

TOPQ-2016-04
TOP-16-007

TOP P; ¢ M- SPECTRUM
. 13 TeV | particle level

CMS Preliminary 2.2 b’ (13 TeV)
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® Comparisons of variety of NLO MC generators using different showering models
» Including comparisons to Multileg Generators
e MC generator are in agreement with results from CMS and ATLAS

> ATLAS: Powheg+HW++ deviates from data in the ptt and mtt (p-value < 0.02)
> mtt: Powheg+Py8 & MG5 aMC@NLO shows same trend in ATLAS and CMS!
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® Comparisons of variety of NLO MC generators using different showering models
» Including comparisons to Multileg Generators

e MC generator are in agreement with results from CMS and ATLAS
> ATLAS: Powheg+HW++ deviates from data in the ptt and mtt (p-value < 0.02)

> mtt: Powheg+Py8 & MG5 aMC@NLO shows same trend in ATLAS and CMS!
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NLO PREDICTIONS AT /7 & 8 TEV

MG Eur. Phys. J. C 75 (2015) 542
=\ ATLAS arXiv:1607.07281
KT EXPERIMENT
& CMS, 19.7 fb"at 1s = 8 TeV
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* ptit sensitive to MC tuning parameters and scale settings

* Mis-modelling in pr't at 7 and 8 TeV
» Confirmed by ATLAS (p-value < 0.01)

ptj_ [GeV]
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-12-028/index.html
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NNLO PREDICTIONS AT 8 TEV

)

8 TeV | parton level g
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- B ]
o) 10_2__ — NNLO PRL 116 (2016) 082003 — _O ‘|_— — NNLO PRL 116 (2016) 082003 —]
5 = Stat. unc. 3 o - Stat. unc. 7
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° .l ] 0.6 -
- : . 0.4 =
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e NNLO at 8 TeV shows

» Good agreement in mg
> Tension in high rapidity regime of tt system
- Rapidity distribution sensitive to PDFs (might yield better NNLO agreement with different PDF choice)
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DILEPTON MEASUREMENTS IN FULL ENERGY RANGE
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* Numerous measurements from both collaborations in a wide energy range and observables

> Comparisons to state-of-the art predictions e



CMS: DILEPTON

Double differential measurement @ 8 TeV (/¢ of its kind @LHC)

Imposing tighter constraints on global PDF fits

—> improved resolution of momentum fraction

Quantitative comparison to state-of-the art predictions (up to aNNLO O(xs*))

—> Power to distinguish between modern PDF sets

Measurement follows procedures in Eur. Phys.|. C 75 (2015) 542
Unfolding performed simultaneously in bins of two variables
Dominant uncertainties O(syst~stat)

» Signal model & JES

Overview

8 TeV
dilepton (eu)
19.7/fb

parton level

full phase space
normalized

resolved
privs.lytl

lytlvs.Mix

lyttivs. Mt

prttvs.lytl

Anttvs.Mee

A(I)tTVS . Mtf
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CMS: DILEPTON CMS,M s
Double differential measurement @ 8 TeV (/5 of its kind @LHC) e

e Imposing tighter constraints on global PDF fits l Overview
—> improved resolution of momentum fraction 8 TeV
* Quantitative comparison to state-of-the art predictions (up to aNNLO O(as*)) dilepton (eu)
—> Power to distinguish between modern PDF sets 19.7/tb
: parton level
® Measurement follows procedures in Eur Phys.}.C 75 (2015) 542 full phase space
* Unfolding performed simultaneously in bins of two variables normalized
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» Good agreement at low Mtt

» MC deviates from data at high Mt
where predictions are less central
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+ JETS MEASUREMENTS

CMS PAPER TOP-16-008
2016/09/18 L ATLAS-CONF-2016-040 7/
EXPERIMENT 1st August 2016
Availableon the C Measurement of differential cross sections for top quark
pair production using the lepton+jets final state in
CM proton-proton collisions at 13 TeV L \RGH (CERN)
e OPRAT SRCA Measurements of top-quark pair differential cross-sections in the
Availabl on the CERN Contac lepton+jets channel in pp collisions at Vs = 13 TeV using the y
ontact: cms-pag-d .
The CMS Collaboration ATLAS detector t) ot
CMS | 2naly ERN-PH-EP-2015-237 @y SSA BY & SPriNGER
CMS-TOP-14-012 M 3rd March 2016 i
casuremq The ATLAS Collaboration — il o 21, 0
Contact: cms-pag-conve 5th July 2016
Measuremer Abstract . :
production cro 1sin the '”;_emle"t Stas
Measuremend: Differential and double-differential cross sections for the production of top quark highly l.)oosted 1gthe :l ::at; ate
cross section% pairs in proton-proton collisions at 13 TeV are measured as a function of jet multiplic- Abstract lentum in Vs =
varial >, ity and of kinematic variables of the top quarks and the top quark-antiquark system. IAS detector
s This analysis is based on data collected by the CMS experiment at the LHC corre- Measurements of differential cross-sections of top-quark pair production are presented as
o« The differenti sponding to an integrated luminosity of 2.3 fb~!. The measurements are performed a function of the top-quark and #f system kinematic observables in proton—proton colli-
" - Cifterend in the lepton+jets decay channels with a single muon or electron in the final state. The sions at a centre-of-mass energy of s = 13TeV. The dataset corresponds to an inte- thon e
5 collisions at 13 pton+] y 8
& The cross section for | quarks and thy differential cross sections are presented at particle level, within a phase space close to grated luminosity of 3.2fb~!, recorded in 2015 with the ATLAS detector at the CERN Leshive
=, menta is measured in i‘:\;;‘:‘;g‘; u‘:: the experimental acceptance, and at parton level in the full phase space. The results Large Hadron Collider. Events with one lepton and jets in the final state are used for the o
o xwﬁzhmﬁ;mfn:?: ll:p( et e are compared to several standard model predictions. measurement. Two separate selections are applied that each focus on different top-quark 5:‘(;“;2‘;’2:‘;‘; “olfder
&T.f:‘:”m‘,";;iﬁ ;;f}f:;“,:fcm:::lylyﬁ sem":‘s areprj momentum phase-spaces, denoted as resolved and boosted topologies of the 77 final state. jets channel. The asred
imately 71 pb~" of @ top quark candidate :ﬁgei,f;;;e? The measured spectra are corrected for detector effects and are compared to several Monte i q“afkk‘{"“‘s"““ ¢ rnge uark pair (t) events
o harns ,';:;::,eé st partce b standard mod Carlo simulations. The results are in fair agreement with the predictions over a wide kine- 1t subrtsere 335‘@32 st LC
PP Fopiey P matic range. Nevertheless, most event generators predict a harder top-quark transverse :12 ncrl(;iselsicr::)sn ,}}ﬁi il cros-ecions oo
from different Mo~ pr > 400GeV. The § momentum distribution at high values than what is observed in the data. s with transverse he pseudo-top-quark
within their large s, 0.29 (theory) = 0.04 (I : w‘ pseudo- n‘:p quai
> arc compared to predic leading-order and els is minimal.
; ee with the meas-
1arks are defined via
the top-quark decay
neasurements of the
)dels that implement
ations.

KeywoRrps: Hadron-Hadron Scattering, Top physics
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DIFFERENTIAL MEASUREMENTS

32-2—"", """" AL L L L L LA B BB BRI B
b ;“ 2F ATLAS Simulation
| o 1.8F Pythia Z'— tf, t - Wb
® Top-quark definition < 16
1.4F 140
1.2F 120
1= 100
0.83— 80
O.Gf— 60
0.43— 40
0.23— 20

® Covered phase-space

:ll|||||||||||||||||‘1||||||||||\||||||||||||||
% 100200300400500 600700800900 °
Pl [GeV]

(a) t > Wb

® Decay topology

- boosted
. resolved Resolved and boosted top-quark topologies

* Higher energies, more top-quark candidates are boosted (AR =2m/pTt)

* Variety of theory models predict new particles at TeV scale

N\

® Cross-section definition
* Probe both low and high pt regimes
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ATLAS: 13TEV, L+JETS 22

* Pseudo-top measurement complements Phs: Rev. D93 (2016) 032009 ATLAS
arXiv:1511.04716 (accepted by EPJC)
* Comparisons to NLO MC generator JHEP 06 (2015) 100

Particle event selection / reconstruction

e/u and anti-k; jets (R =0.4)
anti-k; large jets (R =1.0, trimmed[rsub = 0.2, pts“?/pt'2'8¢ < 5%]
exactly one lepton

Resolved channel | Boosted channel

>4 small-R jets (=2 b-tagged) > | small-R jets & =1 Iarge -R jets

Resolved tops (pseudo-top algorithm

eptonic:
Imposes W-mass constraint to solve

. Boosted top

for neutrino |pz| leptonic:

W - Pairs W and b-jet closest in AR to ’ At least one small-R jet
lepton with AR(lepton, small-R jet) < 2.0
hadronic: hadronic:
-Pair non b-tagged jets closest to mw -top-tagged large R4et (m > 100 GeV,
with remaining second hardest b- 732> 0.75)
tagged jet

CONF-2016-040

Overview

13 TeV
l+]ets
3.2/fb

particle level
fiducial phase space

absolute & normalized

resolved
th,had |yt,had|
thf mtf
lytt]
boosted
th,had |yt,had|
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2015-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2013-07/

CONF-2016-040

Phys. Rev. D93 (2016) 032009 L
arXiv:1511.04716 (accepted by EPJC)

ATLAS: 13TEV, L+JETS @}[

* Pseudo-top measurement complements

® Comparisons to NLO MC generator JHEP 06 (2015) 100 Overview
®
Particle event selection / reconstruction 13 TeV
e/u and anti-k; jets (R =0.4) l+]ets
anti-k: large jets (R =1.0, trimmed[rsub = 0.2, pr°®/pr'2rse < 5%] 3.2/fb

exactly one lepton
particle level

fiducial phase space
Resolved channel | Boosted channel absolute & normalized
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* Dominant uncertainties
> Resolved: JES and flavour tagging
> Boosted: Large R-jet (—]JES dominant) 20
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boosted

ATLAS Preliminary
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Boosted

Fiducial phase-space

Data
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Data seems softer at high pt in both resolved and boosted channels

pt°"d: Trends of NLO MC generators similar to previous results

lyeh2d|, mit |ytt| & prtt: Level of agreement within quoted uncertainties

prit sensitive to extra radiation and choice of scales

1400
pf;had [GeV]
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ATLAS: 13TEV, L+JETS

} CONF-2016-040
ATLAS [

> {E= I | 0 I B B AL R
8 ; ATLAS Prellmlnary Flducial phase-space ; % 1E_II TT I T TT I T TTT | TTTT I T TT | T T I.I I T l.l T | T TT I T TT I TT II_E
- C {s=13TeV,321b" . Dun . O] B ATLAS Fiducial phase-space -
5y 107=Resolved PWG+PY6 h, =m, = 5 - \s=8TeV, 20.3 b Dat -
o A s PWG+PY6 h,, . =2m, radHi = £ 107 o |:>\e/1v 3(13 ver _
~. N T T PWG+PY6 h, =m, radLo _ o = e + damp= =
ol T NGYE N - s = aXiviSi.04716 T WG PYS hdam S
< ., NGt Mgy = ~. - MC@NLO+HW AUET2 -
o ! L. P Stat tne ] o 0% —— MadGraph+PY6 P2011C —
T 10° & Stat.+Syst. unc. 5 : —ol ey e PWG+HW6 AUET2 -
= = o B Stat. unc. N
e ] — 10% 8 Stat.+Syst. unc. -
10 = = — -
10_5 g— 1 0-4 E_ _E
c E' = =
2 — - N
Ol+= —
fSila) = 10°
4 = : F———
C s I N | L1 1 1 11 1 1 | I | I | I | | L1 1 1 11 1 1 I | I | | 11 1 1 11 1
C E =
L I S — e :
38 9g 9
: 92 08
o 0 200 400 600 800 1000
t,had t,had
P [GeV] P, [GeV]

* Data seems softer at high pt in both resolved and boosted channels
e pt°Md:Trends of NLO MC generators similar to previous results
o |ythad| mtt |yt & prtt: Level of agreement within quoted uncertainties

* pritsensitive to extra radiation and choice of scales
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ATLAS:

13TEV, L+JETS

1/6.-do_/dmt/GeV

Prediction

Prediction

pt°"d: Trends of NLO MC generators similar to previous results
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Data seems softer at high pt in both resolved and boosted channels

lyeh2d|, mit |ytt| & prtt: Level of agreement within quoted uncertainties

prit sensitive to extra radiation and choice of scales
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CMS: 13 TEV, L+JETS

arXiv:1607.00837 (accepted for PRM

| D Measurement complements

+ double differential measurements

* Comparisons to NLO MC generator and
up to NGLO O(ais°) theory prediction

e Dominant uncertainties
> Particle level: exp. — JES, b-tagging efficiency
> Parton level: Parton shower & had. model

CMS

—

arXiv:1605.00116 (submitted to PRD)

Typical uncertainty ranges of uncertainties in the bin

—

<
2 \
A

K11

)

L

TOP-16-008
(to be submitted to PRD)

Source Particle level [%] Parton level [%]
Statistical uncertainty 1-5 1-5
Jet energy scale 5-8 6-8
Jet energy resolution <1 <1
paiss (non jet) <1 <1
b tagging 2-3 2-3
Pileup < <1
Lepton selection 3 3
Luminosity 2.7 2.7
Background 1-3 1-3
PDF <1 <1
Fact./ren. scale <1 <1
Parton shower scale 2-5 2-9
POWHEG + PYTHIA8 vs. HERWIG++ 1-5 1-12
NLO event generation 1-5 1-10
my 1-2 1-3

Overview

13 TeV
l+jets
2.3/fb

parton level

full phase space
absolute & normalized

particle level

fiducial phase space
absolute & normalized

resolved
1D

prt

lytl

tht |ytT|

2D
th,hadvs_lyt,hadl

lyttlvs.Mee

prttvs. Mt
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CMS: 13 TEV, L+JETS

M TOP-16-008
. % —x | (to be submitted to PRD)
ID M t | t arXiv:1607.00837 (accepted for PRD = L
easurement compliements  4xiv.1605.00116 (submitted to PRD) Overview
. . Typical uncertainty ranges of uncertainties in the bin
+ double differential measurements Source Particle level [%] _Parton level [%]
Statistical uncertainty 1-5 1-5 13 TeV
* Comparisons to NLO MC generator and ey e tion i~ o l+jets
up to NGLO O(ais°) theory prediction D oo S >3 2.3/fb
Pileup < <1
Lepton selection 3 3 parton level
Luminosity 2.7 2.7 full phase space
e Dominant uncertainties Background - = absolute & normalized
> . . . . Fact./ren. scale <1 <1 paI'tICle leVEI
> Particle level: exp. — JES, b-tagging efficiency  p.ion shower scale g 9 fiducial phase space
POWHEG + PYTHIAS8 vs. HERWIG++ 1-5 1-12 bsol & lized
> Parton level: Parton shower & had. model NLO event generation 1-5 1-10 absolute & normalize
m 1-2 1-3
-1
_ - 2.3fb" (13 TeV) 231 (13Tev) | resolved
S B e/u+jets e Data '-; -~ CMS  e/u+jets e Data 1D
o - particle level g{:t(%tat 3 1E particle level o O stat t vt
Q 1 T POWHEG P8 Q e POWHEG P8 PT Y
=__ E e T POWHEG H++ & = =& POWHEG H++ _ — -
£ u --- MG5 P8 - e == - --MG5 P8 prtt | Iyt | mtE
8 Q-l_ B o mgg Eg-foFx] -8:'_ 107 = = ___mgs ||:->|-|-+|: F
= == 5P8
© i MGS P8 [MLM| © g . MG Pa [MLM 2D
10! = TR B === th,hadVS_|yt,had|
- 1072 & T
- - = | lyttivs.Mex
g.ﬂ 1.4 F I g‘% 1.4 E_ _ thfVS-Mt?
Q| 3 e ey 0 12 Bl ormecs S ——
= a 1'21 E?E?Eh;“?'_"_:'_"_ ---------- SIoiooIiIoooiooooo--o-o---o) ER ] ;_:_-:::_-"77-_-‘ '== --------------------------------
08 ... . . e e e 0.8 - . - - : : -
0O 50 100 150 200 250 300 350 400 450 500 0 100 200 300 400 500 600 700 800
p_(f}) [GeV] p_(t) [GeV]
® Comparison between inclusive and NLO Multileg generators — large impact of PS and had. modelling
* prit best described by Powheg + Py8 (p-value = 0.805)
e pr*Mdbest described by MG5 aMC@NLO+Py8 [FxFx] (p-value = 0.83)
o

pre"2d, prtt and mtt: Powheg+HW++ deviates from data (p-value < 0.01)
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N(N)JLO PREDICTIONS AT 13 TEV

13 TeV | parton level

2.3 " (13 TeV)
; - CMS e/u+jets e Data
S - parton level Sys @ stat
o 1 = Stat
s %_ *q’_ ----- Powheg P8
= K - - - MG5 P8
Ol = B —tp—-
S % o' L L +  NLO+NNLL'
= I NNLO
[ e defpmanns
1072 =
E | | | | - '—'I ol '—';?’-‘ o '-?'-I' " =" - '—l'_' " = =]
Sle 15 F
_qc) CDU [ ___,_";L "._ =3 e T T + """"""""""""""
= 1 =t L e -
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de(tI)

Data

107"

1072

1.5

CMS@}[ TOP-16-008
I«

to be submitted to PRD)

2.3fb1(13 TeV)

CMS

4
{

e/u+jets

parton level

S
=

e Data
Sys @ stat
Stat
----- Powheg P8
---MG5 P8
« appr. NNLO
x appr. NNNLO
+ NLO+NNLL'
NNLO

®* NLO + NNLL seems to predict slightly harder Mt spectrum (p-value = 0.14)
» Trend observed in 7 TeV & 8 TeV by ATLAS (p-value ~ 0.3) and at 8 TeV by CMS in dilepton channel

e prtleP spectrum:

» Good description by NNLO & NLO + NNLL QCD calculations
> aN@3)LO prediction show tension at moderate pt%'*P with p-value < 0.01 (same trend observed in

dilepton channel)

; : ; |
500 600 700 800
p.(t) [GeV]
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DOUBLE DIFFERENTIAL MEASUREMENT s ) ropooan
1 4, Z ™| (to be submitted to PRD)
2.3 b7 (13 TeV) 23" (=
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* Only Powheg predictions seem to model spectra adequately (MG5_aMC@NLO — p-values < 0.01)
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ALL-HADRONIC MEASUREMENTS

Available on the CERN CDS information server CMS PAS TOP-16-013

CMS Physics Analysis Summary

ATLAS CONF Note
Contact: cms-pag-conveners-top@cern.ch 2016/06/15 L
EXPERIMENT

Measurement of the tt production cross section at 13 TeV in

the all-jets final state
EUROPEAN ORGANIZATION FOR NUCLEAR _
Measurements of /7 differential cross-sections in the
oo @< The CMS Collaboration all-hadronic channel with the ATLAS detector using highly
= boosted top quarks in pp collisions at /s = 13 TeV
CMS-TOP-14018 ATLAS-CONF-TOP-2016-03
Abstract
Measurement of the tt production cros — S— . . )
all-jets final state in pp collisions at The N
ne the
C L1
The CMS Collaboration* re) {kbe
83 el
g covere Y ¥
Abstract :a | \ _;
The cross section for tt production in the all-jets final state is (I‘ “‘ d- Abstract
at a centre-of-mass energy of 8 TeV at the LHC with the CMS} ud ed

A measurement of the boosted top-quark pair production differential cross-section in 13 TeV

Konstantinos
Kousouris

sponding to an integrated luminosity of 18.4fb™". The inclusi . N N . .
to be 275.6 6.1 (stat) + 37.8 (syst) - 7.2 (lumi) pb. The norm| to to pp collisions in the all-hadronic decay mode is presented, performed using 14.7 fo~! of data
sections are measured as a function of the top quark transv} b collected by the ATLAS detector in 2015 and 2016. The # process is measured by requiring

compared to predictions from quantum chromodynamics. Th
detector, parton, and particle levels. In all cases, the measurd
are significantly softer than theoretical predictions.

two top-quark candidates, one with pr > 500 GeV and a second with pt > 350 GeV, with
each candidate reconstructed as anti-k, jets with radius parameter R = 1.0. The top quark
candidates are separated from the multijet background using the jet substructure and the
presence of a b-quark tag in each jet. The observed kinematic distributions are unfolded to
recover the differential cross-sections in a limited phase-space region and compared with
Standard Model predictions. The cross-section for # production in a fiducial phase-space
defined by the requirements on the top-quark candidates is 374 = 13 (stat)*') (syst) fb, in
good agreement with Standard Model calculations.

Published in the European Physical Journal C as doi:10.1140/ep3

*FIRST TIME PRESENTED 2



ATLAS: ALL-HADRONIC

Event selection / reconstruction

anti-k. jets (R =0.4)

lepton veto

anti-k. large jets (R =1.0, trimmed[rsub = 0.2, pt*'?/pt'are¢ < 5%]

* Data-driven QCD background

estimation (5CR,|VR)— clean channel

* Comparisons to NLO MC generators

* Dominant uncertainties

Large-R jets +18 / -15
Monte Carlo signal modelling =il 174
b-tagging +13 / -12
Pileup +2.9
Luminosity +2.9
Small-R jets +1.0
Total Systematic Uncertainty +29 / -24

| Boosted channel

>2 large-R jets (both top-tagged)

T32 pT dependent cut — 50% top-tagging eff. VWP

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIl
60‘_ATLAS Preliminary —4— Data 2015+2016

- Vs =13 TeV, 14.7 fb" [ tt (ai-hadronic)

tt (non all-hadronic)
I single top
B Vuttijet

Stat. Unc.

Stat. ® Syst. Unc.
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EXPERIMENT

L 4

|

Data
Prediction

Leading large-R jet mass [GeV]
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}[ CONF-2016-100

Overview

13 TeV
all-hadronic
14.7/fb

particle level

fiducial phase space
absolute & normalized

boosted
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ATLAS: ALL-HADRONIC

13 TeV | particle level
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EXPERIMENT

TLAS Preliminary
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PWG+HPP
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Stat. Unc.

Stat. ® Syst. Unc.

* Good agreement for leading and sub-leading top pr (sensitive to ~| TeV)

1000 1200
pi2 [GeV]

* tt system produced with modest pr slowly falling mtt — good agreement with SM
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ATL

AS: ALL-HADRONIC
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* Good agreement for leading and sub-leading top pr (sensitive to ~| TeV)

* tt system produced with modest pr slowly falling mtt — good agreement with SM
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1/c do/dpt [GeV™]

Expected/Data

ATLAS: MC MODELLING STUDIES &

e Studies complement PUB-2016-016, PUB-2016-004 & PUB-2015-002 ATLAS

}[ PUB-2016-020

—A. Knue poster

e Comparison between unfolded ATLAS data and various MC generator predictions
» 7,8, 13 TeV RIVET routines

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

» Tune intrinsic merging and matching parameters

7 TeV 8 TeV 13 TeV

Parton level, relative cross-section Particle level, absolute cross-section Particle level, relative cross-section
—2 na '8-'—% E“ ATLAS Dat 8 TeV T: - ATLAS Prelimi 13 TeV
10X —e— ATLAS Data, v/5 = 7 TeV | n —* ATLAS Data, ¢h§= e 3 - —+ ATLAS Preliminary, Vs=13Te
B —— Powheg+Py8, hyam, =0.5-my, | 2 | % - = — 7 Powheg+Py2’ hdamp = ?g "Miop VT 102 e — POWheg’nyg’ hdamp = ?-5 "Miop
K — —— Powheg+Py8, hyzmp = 1.0- My S|& 1071 = — Powheg+Py , hdamp = 1- “Miop ol d E e — Powheg+Py ] hdamp = 1'0 "Miop
108 —— Powheg+Py8, Nyym, = 1.5- My, c = — Powheg+Py8’ hdamp = 2'5'mtop clo N S POWheg+PY& hdamp = 2'5'mtop
5 Powheg+PY8, hyamp = 2.0- Mg, . - owheg+Py8, Nyamp = 2.0 Mygp 2 - owheg+Py8, Nyamp = 2.0+ Mygp
K | = —
B ———— = 1073 =
1074 & 102 e F
10_5 = | e 10_4 ? |
F 10_3?\\\\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ ;\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
14 o s 12
12 g BeE 5 110
T E S 1| = o 1
= S 1.0 === 3 10
P — 8 o9 8 or
0.8 [ 09 = S o9 —
- g 08¢ i g |
0-677\ \‘\ \‘\ \‘\ \‘\ | 0.7;7\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ 0.8;\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
0 200 400 600 800 _ 1000 0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
P} [GeV] P} [GeV] P} [GeV]

» Comparisons of
* Variation of scales and tune
- Different parton shower interfaces

* Different NLO generators including NLO multileg generator
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SUMMARY & TAKE HOME MESSAGES

Broad range of differential tt cross-section measurements at full LHC energy range

* Analyses with pseudo-top, particle, and parton provide variety of interfaces to theory
* |3 TeV results complement 7 and 8 TeV measurements in all decay channels
* Enough statistics to perform differential measurements in dilepton channel at 7, 8, | 3 TeV

® L+jets & all-hadronic channels exploit boosted reconstruction techniques
New systematic sources and evaluations become important

Take home messages
* Entering era of double differential measurements at the LHC
* Extension of resolved measurements with increasing data
* Probing high top pt regimes using boosted decay topologies
* Measurements show discriminating power between MC models and tuning parameters

Outlook

* MC tuning studies on-going
* Looking forward to seeing ATLAS and CMS plots super-imposed or compared
®* More to come, |3 TeV results with 2016 data

& Pmore 2 pmore [1,2]

EEEEEEEEEE
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N(N)JLO PREDICTIONS AT 13 TEV

13 TeV | parton level

CMS Preliminary 2.2 b7 (13 TeV) CMS Preliminary 2.2 b7 (13 TeV)
|1I__| _| I'TT | I'TTT | T'TTT | I'TTT | I'TTT | I'TTT | IT'TTT | T'TTT | I'TTT | T'TT |_ |1__| 10_1 E_ | | | [ | [ [ [ I | [ [ [ [ | | | | | | | | | | I | 1—5
> " Dilepton > - Dilepton e Data ]

D e Data D - Powheg v2+Pythia8
g 107 3 _ Powheg v2+Pythia8 E |c_5| ol m  Approx. NNLO JHEP 01 (2015) 082 |
o Ito_l_ ' ] b‘#d_ 10 g A Approx. N°LO PRD 91 (2015) 031501 3
i , . i B v NLO+NNLL' arxiv:1601.07020 .
Elb'o | + NNLO 2016 prelim., arXiv:1511.00549 | Elb-o wo 2016 prelim., arXiv:1511.00549 :
10° ¢ E 10°F E
- . . - .
_.:,._!..,_

4 ] 10_4 g_ l —§
10% - ] g B A
W NNEEE FENT ST N SRS NS SR ST e e e e e e b g
1.4 E mm Stat. = ~ W Stat. T .
>| 12 | Stat.®Syst. = -, 15 | Stat. ® Syst. ]
R T —T T
31 . B I =
=17 08 E : = =2k ™ v il ! b
0.8 = L T |

0O 50 100 150 200 250 300 350 40_0 450 500 0 100 200 300 400 500
p‘Tt [GeV] ptT [GeV]

* NNLO and Powheg+Py8 describe prttbetter than other tested predictions

* NNLO & NLO+NNLL predictions model the softer top pt spectrum more accurately
» Consistent with 7 and 8 TeV ATLAS and CMS measurements
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CMS:

DILEPTON
Systematic Median of Median of Median of | Maximum of
uncertainty ptT [%] ptTE [%] A(/)tf [%] median [%]
Trigger 1 1 1 1
Pileup 1 1 1 1
Lepton SF 1 1 1 1
JES 1 1 1 2
JER 2 1 1 2
b jet SF 1 2 1 2
Background 3 3 4 6
ur and ug 1 4 5 5
MC modelling 3 7 12 12
Top quark mass 1 4 5 5
Hadronisation 6 4 2 6
PDF 1 1 1 2

MC modelling, Powheg/MG5_aMC@NLO

~—— .

|

Overview

13 TeV
dilepton
2.2/fb

particle level
visible phase space

normalized
pTl ijet th
yt thY ytY
mtf Aq)tf
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ATLAS: 13TEV, L+JETS, PARTICLE LEVEL )

ATLAS

EXPERIMENT

Event selection
pr > 25 GeV

In| < 2.5 GeV (¢c) Mike Fenton

pr > 300 GeV

< 2.0 GeV
pr > 25 GeV y, i
In| < 2.5 GeV

Emiss £ ml¥ > 60 GeV
Emss > 20 GeV
> 1 R=1.0 jet, > 1 top tag, > 1 R=0.4 jet, > 1 matched b-jet

Level Detector Particle
Topology Resolved | Boosted
|do/o(dp)| < 5 and |zpsinf| < 0.5 mm
Leptons Track-Calo-based Isolation 7l <2.5
P 7l <1.37 or 1.52< |n| <2.47 (e) In| <2.5 (1) pt > 25GeV
Er (e), pr (0)> 25 GeV
' pr > 25 GeV inl <2.5
Small-R jets [l <2.5 > 25GeV
JVT cut (if pr < 60 GeV and || < 2.4) pr
Num of small-R jets >4 jets > 1 jets
E%‘iss, m?’ E%‘jss > 20 GeV, E%‘iss +m¥V > 60 GeV same as detector level
Leptonic t At least one small-R jet
promic top with AR(¢, small-R jet) < 2.0
. . the leading-pt trimmed large-R jet has: Boosted:
Kinematic top quark | 3 50y 21500 GeV, m > 50 GeV, 300 < pr < 1500 GeV
) reconstruction . : .
Hadronic top TopTagging at 80% efficiency Top-tagging:
for detector . .
and particle level AR(large-R jet, small-R jet)> 1.5, m > 100 GeV,
P A (¢, small-R jet)> 1.0 T3 < 0.75
at least one of:
1) the leading-pt small-R jet with b hed
b-tagging at least 2 b-tagged jets | AR({, small-R jet)< 2.0 is b-tagged % ﬁsg—rmatc ©
2) at least one small-R jet with -hadron
AR(large-R jet, small-R jet)< 1.0 is b-tagged

CONF-2016-040
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CMS: 13 TEV, L+JETS

CMS,/! }
— TOP-16-008
. _\'\\ \ \ Mmber 23. 14
Particle level Overview
Distribution x?/dof p-value x?/dof p-value x?/dof p-value o
POWHEG+P8 POWHEG+H++ MG5.AMC@NLO+P8 MLM 13 TeV
Order: NLO Order: NLO Order: LO, up to 3 add. partons |+ jets
pr(tn) 143/9 0.111 263/9 <001 349/9 < 0.01 2 3/fb
ly(ty)| 476/7  0.690 7.61/7  0.368 9.08/7 0.247 '
pr(ty) 229/9 <001 408/9 <001 546/9 < 0.01 parton level
1y (te)| 714/7 0415 106/7 0.156 182/7 0011 full phase space
absolute & normalized
M(tf) 9.25/8 0.322 173/8 < 0.01 13.4/8 0.100 ticle level
pr(tf) 231/5 0.805 39.6/5 < 0.01 489/5 < 0.01 m‘;ial hase space
ly(tD)| 137/6  0.967 2.44/6 0.876 145/6 0.025 Sbsolute & normalized
Additional jets 27.6/5 <001 162/5 <0.01 363/5 < 0.01
Additional jets vs. pr(tt) | 70.3/20 < 0.01 95.4/20 < 0.01 168/20 < 0.01
Additional jets vs. pr(ty) | 96.2/36 < 0.01 218/36 < 0.01 180/36 < 0.01 :':solved
y(ty)| vs. pr(ty) 60.1/36 < 0.01 212/36 < 0.01 128/36 < 0.01
M(tE) vs. |y(tf)| 282/24 0.251 280/24 < 0.01 412/24 0016 ptt || Iyt
pr(tt) vs. M(t) 16.7/32  0.988 465/32 < 0.01 97.6/32 < 0.01 e e e
MG5 AMC@NLO+P8 MG5.AMC@NLO+H++  MG5.AMC@NLO+P8 FXFX P | Y m
Order: NLO Order: NLO Order: NLO, up to 2 add. partons 2D
p1(ty) 13.1/9 0.159 6.85/9 0.653 5.05/9 0.830 prbhadys, |ythad]
ly(ty)| 991/7 0.194 135/7  0.060 8.12/7 0322 - :
p1(te) 134/9 0.147 8.02/9 0.533 797/9 0538 ly*lvs.Me
ly(te)| 143/7 0.045 7.24/7 0.404 159/7 0.026 ot vs. Mt
M(tf) 109/8  0.206 342/8 <001 33.0/8 < 0.01
pr(th) 400/5 <0.01 7.65/5 0.177 27.8/5 < 0.01
ly (D) 2.72/6 0.843 2.77/6 0.837 358/6 0.733
Additional jets 362/5 <0.01 15.7/5 < 0.01 10.8/5 0.056
Additional jets vs. pr(tf) | 237/20 < 0.01 192/20 < 0.01 872/20 < 0.01
Additional jets vs. pr(ty) | 251/36 < 0.01 76.0/36 < 0.01 45.6/36 0.132
ly(ty)| vs. pr(ts) 489/36 0.074 100/36 < 0.01 49.1/36 0.071
M(tf) vs. [y(tt)| 25.1/24 0.403 53.4/24 <001 56.7/24 < 0.01
pr(tt) vs. M(tf) 133/32 < 0.01 157/32 < 0.01 109/32 < 0.01
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CMS: 13 TEV,

L+JETS

Parton level

Distribution x?/dof p-value x?/dof p-value x2/dof p-value
POWHEG+P8 POWHEG+H++ MG5-AMC@NLO+P8 MLM
Order: NLO Order: NLO Order: LO, up to 3 add. partons
pr(tn) 12.0/9 0.216 9.43/9 0.398 20.5/9 0.015
ly(tn)| 5.02/7 0.657 5.59/7 0.589 5.81/7 0.562
pr(te) 18.1/9 0.034 109/9 0.285 485/9 <0.01
ly(te)| 132/7  0.067 152/7 0.034 14.0/7 0.051
M(tt) 6.08/8 0.639 11.6/8 0.172 48.1/8 < 0.01
pr(tf) 1.35/5 0.930 5.53/5 0.354 183/5 < 0.01
ly(tF) | 235/6 0.885 243/6 0.876 585/6 0.440
Additional jets 9.55/5 0.089 6.47/5 0.263 571/5 0335
Additional jets vs. pr(tf) | 90.6/20 < 0.01 144/20 < 0.01 145/20 < 0.01
Additional jets vs. pr(ty) | 108/36 < 0.01 49.5/36 0.067 842/36 < 0.01
ly(tn)| vs. pr(tn) 594/36 < 0.01 57.3/36 0.014 67.2/36 < 0.01
M(t) vs. |y(t)| 204/24 0.674 19.6/24 0.719 515/24 < 0.01
pr(tt) vs. M(tt) 15.8/32 0.993 27.8/32 0.679 109/32 < 0.01
MG5.AMC@NLO+P8 MG5.AMC@NLO+H++ MG5.AMC@NLO+P8 FXFX
Order: NLO Order: NLO Order: NLO, up to 2 add. partons
pr(ty) 11.6/9 0.240 16.8/9 0.052 10.6/9 0.301
ly(tn)| 691/7 0.438 6.85/7 0.444 523/7 0.632
pr(te) 18.7/9 0.028 324/9 <001 14.6/9 0.102
ly(te)] 19.1/7 < 0.01 12.7/7 0.079 18.7/7 < 0.01
M(tt) 11.3/8 0.186 6.59/8 0.582 29.8/8 < 0.01
pr(tf) 400/5 <001 258/5 <0.01 19.7/5 < 0.01
ly(tf)| 3.01/6 0.808 2.52/6 0.866 286/6 0.826
Additional jets 199/5 <0.01 437/5 0497 6.78/5 0.237
Additional jets vs. pr(tf) | 390/20 < 0.01 294/20 < 0.01 127/20 < 0.01
Additional jets vs. pr(t,) | 112/36 < 0.01 49.0/36 0.072 56.5/36 0.016
ly(tn)| vs. pr(tn) 918/36 < 0.01 123/36 < 0.01 53.1/36 0.033
M(tt) vs. |y(tt)| 29.8/24 0.192 19.2/24 0.741 38.7/24 0.030
pr(tt) vs. M(tt) 275/32 < 0.01 78.2/32 < 0.01 104/32 < 0.01
appr. NNLO appr. NNNLO NLO+NNLL'
pr(tn) 253/9 <0.01 69.1/9 <0.01 9.68/9 0377
ly(tn)| 8.90/7 0.260 4.78/7 0.686 - -
pr(te) 231/9 <0.01 189/9 < 0.01 441/9 0.882
ly(te)] 6.40/7 0.494 7.28/7 0.400 - -
M(tt) - - - - 12.2/8 0.143
NNLO
pr(tn) 9.40/9 0.402
ly(tn)| 4.08/7 0.770
pr(te) 10.8/9 0.291
ly(te)| 10.4/7 0.168
M(tt) 11.2/8 0.190
pr(tt) 461/5 0.466
ly(tt)| 226/6 0.894

TOP-16-008
Overview
13 TeV
l+jets
2.3/fb

parton level

full phase space
absolute & normalized
particle level

fiducial phase space
absolute & normalized

resolved
1D

pTt lytl

th t | ytﬂ

2D

th,hadVS_ |yt,had|

lyttlvs. Mt

[Z)Ttf VS. Mtf
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@L @ }[CONF-ZOM-WO
QCD EStlmatlon O t 1 t 2 t EXPERIMENT
* AB,C,G & H, number of observed Ob! A DI G Overview
events after substraction of tt and 1b B E H 13 TeV
singletop production all-hadronic
> . 2b| C | F NS 14.7/fb
* Validation region F '
tt (all-hadronic) 1190 4+ 240 article level
1 G H tt (non all-hadronic) 60 £+ 15 I!i)ducial ohase space
Sbg = —|— 4+ — | X C Single top-quark 9 + 5 absolute & normalized
2\A B Multijet events 300 + 20
Prediction 1570 =+ 260 boosted
Data (14.7fb=1) 1512 pr! || prt || Iyl
|yt2| |ytf| mtf
> ey P A e wa s e B SNPN iy g A S A B AR A ARpR KA ARRSSS T =
§ 30 ;écﬁg‘?evl?ﬁl.g?kl)qary C (a”'ha;m”icl — § - (5=13 TeV, :il;f:tl)qary —] t (all-hacronic) ] tht Htt AC])tt
% E Validation region E gigl’;‘j;hadm”ic) E 42 35 ;—Signal region — tsti:::gtj:)-hadronic) _; thT th
g o5l B Vutiet — 2 - B Vutiet ]
L B Stat. Unc. 7] L 30 - Stat. Unc. ] * -
- Stat. ® Syst. Unc. - - Stat. ® Syst. Unc. ] |Cose | pTOUttt
20— — 25— 3
15 ‘ = 20 =
- ] 15/ -
10 —] — ]
7 10— —
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CMS: ALL-HADRONIC Ms,

S \}[ TOP-16-013

Measurement complements arXiv:1509.06076 (accepted for Eur. Phys. ). C) F
Event selection / reconstruction l Overview
anti-k: jets (R =0.4) 13 TeV
anti-k. large jets (R =0.8, softdrop[zc.: = 0.1,5=0] all-hadronic
2.53/fb
lepton veto parton level

full phase space

Resolved channel ‘ Boosted channel absolute

>6 small-R jets (=2 b-tagged) >2 large-R jets (both contain b-tagged jet) boosted
pt® > 45 GeV, AR(b,b) > 2.0 pt{) > 450 GeV prt
________________________________ Hr>500Gev | | 150<mp<200Gev
kinematic fit prob. > 0.02 F> 0 [build from 32 & T3/ of leading jets]

150 < m¢ <200 GeV

* Comparison to LO & NLO MC generator

e Dominant uncertainties
> Parton level

* QCD bgr modelling at low pt
- JES, b-tagging
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CMS: ALL-HADRONIC cm}
Measurement complements arXiv:1509.06076 (accepted for Eur. Phys. ). C) F
Event selection / reconstruction l Overview
anti-k: jets (R =0.4) 13 TeV
anti-k. large jets (R =0.8, softdrop[zc.: = 0.1,5=0] all-hadronic
2.53/fb

lepton veto

Resolved channel

>6 small-R jets (=2 b-tagged)

|50 < m¢ < 200 GeV

* Comparison to LO & NLO MC generator

e Dominant uncertainties
> Parton level

* QCD bgr modelling at low pt
- JES, b-tagging

parton level

full phase space

‘ Boosted channel absolute
resolved

e Limited by the stat. uncertainty above ~500 GeV

* Agreement between resolved & boosted

1072

—h
<
w

107

107°

>2 large-R jets (both contain b-tagged jet) boosted

pr() > 450 GeV prt

2.53 b (13 TeV)

EERESRN I 7
i I(D:r'ev;:mary Detector level i
e Data (resolved)
= O Data (boosted) =
— —— Powheg -
- -.---aMC@NLO )
r - - - Madgraph .
el E
1
— oy e ey T
0 200 400 600 800 1000 1200

Leading top o (GeV)
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CMS: ALL-HADRONIC

Measurement complements arXiv:1509.06076 (accepted for Eur. Phys. ). C) fan

\}[ TOP-16-013

Event selection / reconstruction

anti-k; jets (R =0.4)

lepton veto

anti-k. large jets (R =0.8, softdrop[zc.: = 0.1,5=0]

Resolved channel

>6 small-R jets (=2 b-tagged)

150 < m¢ <200 GeV

* Comparison to LO & NLO MC generator

* Dominant uncertainties
> Parton level
* QCD bgr modelling at low pt
- JES, b-tagging

e Limited by the stat. uncertainty above ~500 GeV

* Agreement between resolved & boosted

| Overview
o

13 TeV
all-hadronic
2.53/fb

parton level
full phase space

‘ Boosted channel absolute
resolved
>2 large-R jets (both contain b-tagged jet) boosted
pt{!) > 450 GeV prt
___________________________ 150 <mWsp <200 GeV |
F> 0 [build from 32 & T3/ of leading jets]
: fb‘f TeV
o 25— olut .25|3 (13 Ie_)
g ~ gl\aS' Parton level —
= - freiminay e Data (resolved) ]
QC_> 21— O Data (boosted) —
o B | Stat. & Bkg. Unc. _
- B [ ] Extrap. Unc. N
-S 15 :__I ----- aMC@NLO ]
&__U C _+_ - - - Madgraph 5
il A T T o e i s m e i
s o e
0.5 | -
O B 1 1 | 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 B
0 200 400 600 800 1000 1200

Leading top o (GeV)
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UNFOLDING

* [terative Bayesian method (D’Agostini) [Nucl. Instrum. Meth.A362 (1995) 487/—498]

» Used to correct detector level events to the fiducial phase space

dod
dXx:

Subtraction of background from detector level observable

Acceptance correction faicc is applied to account for events generated outside the fiducial phase space but
pass the detector acceptance, spatial matching of detector level and particle level objects to account for
resolution and combinatorial effects

Correction for events that pass the particle level selection but are not reconstructed at detector level, Eef

Migration matrix derived from simulated events maps particle level events to detector-level events (j(i); bins
in X at detector level (particle level))

Events / GeV

Data
Prediction

- c ATLAS Simulation Preliminary
--------------- | N II!);I20I15I201I6I lat _| T 11 | UL | LI | LI | LI | LI | T T l_ . . _ . _hi . .
C v"lrﬁﬁevpﬁ“;rf‘glary ég(au o ] -% 1.6:— ATLAS Simulation Preliminary E Ed:i'glﬁgsse space bin-to-bin migrations
20 __Slgnal region = Zinlgll.e top _ % 1 4:_ \/g =13 TeV _: _%
] St e - O [ S Acceptance -6 0 0 O 0 4 96
15__ Stat. ® Syst. Unc. __ 1 2:_ O Efficiency — F>)
= 1 % 51 0 0 0 14 84 2
B - O
10 - S 4 0 0 13 76 11 ©
s ] 3 0 13 62 25 O 0
....... T 2| 22 b7 20 0 0 0
OF ! : ' : =
15;_ ............................................................................................................. * ........................... _g
0 §+++_'__‘_ * £ 11 /5 23 1 0 0 0
500 600 700 800 900 1000 1100 1200 00 600 700 800 900 1000 1t1108 1 VZOO ] > 3 2 5 5
pt+1 [GeV] pT [GeV] Detector level ptT‘1 bin 39
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UNFOLDING

* Unfolding to parton level

Account for both the detector response and parton shower and hadronization — introduces large
theoretical uncertainties

Correct for events only representing respective top decay channel

* 2D unfolding

Generalization of D’Agostini unfolding with n bins on one and m bins in the other measured
observable.

» Using vector with n*m entries

» Migration matrix (n * m) x (n*m)
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ToP-PROXY RECONSTRUCTION (PSEuDo-TopP)

Reconstruction of tt pair using well defined objects at particle level

* Run same algorithm on particle and detector level

use W mass constraint

I +
ET’IT}lSS
N
second b—tagged jet
t(lep)
t t
@
| .Define pseudo-top constituents
° eg. ltjets: take b —tagged jet
> electrons, muons, and jets: p.> 25 GeV, || < 2.5 closest to lepton
> exactly one lepton (not from hadron) at least four jets, at least 2 b jets .
» B> 30GeV, M(W) > 35GeV (defined by lepton and Er) twountagged jets

/

2.Define pseudo-top system
° eg.:
> two hardest b jets belong to pseudo-top pair system

> Define the leptonic W by combining the lepton with the ETmiss and solving for pz assuming the W mass (highest pz from two-fold ambiguity)
> the b jet closer to lepton (AR) is part of the leptonic top decay

»the two remaining jets that are not b-tagged with highest p.are the hadronically decaying W and combine with left b-tagged jet

* Unfolding to particle level = allow for comparison to MC generator predictions
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DIFFERENTIAL MEASUREMENTS

cross-section
definition

normalized ®
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Picture courtesy:
* https://ixquick-proxy.com/do/spg/show_picture.pl

* www.elegrity.com

* https://build-your-own-particle-detector.org/

* http://atlas.physicsmasterclasses.org/
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