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Going differential!

Physics

e LHCis atop quark factory: at 13 TeV about 2 tops every second!
e plenty of statistics to make precision measurements

e Studying top production is crucial to the LHC programme:
e Detailed measurements of QCD, EWK

® Probe couplingsto Higgs, W, Z, y

e 3rd generation models within BSM
e Significant background to searches and Higgs
e Looking at differential distributions of tt production also allows to...
® be sensitive to new physics that would not modify the inclusive tt cross-section
e including in a model-independent way with Effective Field Theory
e stringent test of NNLO QCD calculations

® improves the simulation to tt production: PDF, MC tuning, etc.




Top anti-top quark production

Physics
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Physics

B Jets
tt decay modes
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Physics
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detector to parton unfolding
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Theory Experiment
parton-level detector-level

kfUII phase space Ilducial phase space|

parton to particle detector to particle unfolding
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Particle-level objects

Physics

| ATLAS and CMS Charged leptons (not from hadrons) are dressed with 7
differ in detailed the energy from nearby photons
definitions |
T Jets are clustered from stable MC
K particles using anti-kt algorithm

ETMiss calculated from the sum of all other  .*~
neutrinos .

b-jets defined by a jet containing a b-quark hadron




Differential tt cross section at 8 TeV
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pr > 25 GeV pr > 25 GeV
In| <2.5 In| < 2.5
pr > 25 GeV F L pr > 25 GeV
ml <25 H e* iy < 2.47
= 1 electron, 1 muon
v > 2 jet, > 2 b-jet v
No Top reconstruction
unfolding done to particle-level in a fiducial volume
Process Yield
Single top (Wt) 236 +2 (stat.) 46 (syst.) Relative uncertainty in [%] in additional jets multiplicity
Fake leptons 117 £22 (stat.) £120 (syst.) Sources | o] 1| 2| 3] > 4
Z+jets G £3 (stat.) =£1 (syst.) Data statistics 2127 ] 40] 60 9.0
Dibosons 3.1 £0.4 (stat.) +1.5 (SySt.> JES/JER 50 | 1.8 70 | 12.0 16.0
Total background | 362 +22 (stat.) 130 (syst.) b-tagging 051021 07| 14 20
tt (> 1 pile-up jet | 310 £2 (stat.) =+88 (syst.) ISR/FSR modelling | 0.4 | 0.5 | 2.2 | 3.8 6.0
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Differential tt 0 at 13 TeV: dilepton channel

Physics
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Differential tt 0 at 13 TeV: dilepton channel

10°

pr > 25 GeV EPJC 77 (2017) 299 pr > 25 GeV
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Differential tt 0 at 13 TeV: dilepton channel
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Data are consistent with NLO generators matched to Parton Shower simulations
Powheg-Box + Herwig++ deviates from data in top quark pr and tt invariant mass




Differential tt 0 at 13 TeV: |+jets channel

Physics

ATLAS-CONF-2016-040
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Differential tt 0 at 13 TeV: |+jets channel
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~ Run: 271516
" Event: 7786087
2015-07-13 09:38:38 CEST

EXPERIMENT

Large R (1.0) jet containing 3 small R (0.4) jets, pt = 600 GeV, m = 180 GeV
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Differential tt 0 at 13 TeV: boosted I+jets

ATLAS-CONF-2016-040

ﬁ%
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ATLAS-CONF-2016-040
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Differential tt 0 at 13 TeV: boosted |+jets
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Similar conclusions from resolved topology: at high hadronic top pT
some tension between predictions and data




Differential tt 0 at 13 TeV: boosted all had

pr > 500 GeV
In| < 2.0
m = 172.5 & 50 GeV
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ATLAS-CONF-2016-100

= 0 leptons, > 2 top-tag
AR (ljet, bjet) < 1.0

Large R jet: trimming used
Top Tagging (€ = 50%): N-
subjettiness shape variable
used
Multijet backgrounds
estimated from data-driven
method
unfolding done to particle-
level in a fiducial volume

pr > 350 GeV
In| < 2.0
m = 172.5 & 50 GeV

Ot 1t]2t¢
Ob[A|D|G
Ib/B|E [ H
2b [ Cc | F IS8

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 +29 / -24




Differential
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Good agreement between predictions and data

ATLAS-CONF-2016-100

tt 0 at 13 TeV: boosted all had
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Differential tt 0 at 13 TeV: boosted all had
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The boosted all hadronic top quarks topology is similar to dijet
measurements done at high transverse momentum

Observables sensitive to the extra radiation present alongside
the tt system are obtained and show good agreement
between predictions and data
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Conclusions

e 8TeV Differential measurements were used for
MC tuning within ATLAS and are currently being
used for PDF fitting and EFT interpretation

e 13 TeV results shown all unfolded to particle-level
in a fiducial phase-space

® Results are dominated by systematic
uncertainties, especially signal modelling ones

¢ importance of those results for tuning MC!

e First measurement of all hadronic boosted top
quark pairs

e Uncertainties are close to offering
discrimination of predictions

e Effort currently underway to use full 2015+2016
dataset and unfold to parton level
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Differential variables

Physics

the central scattering region. The angle between the two top quarks quarks has been found to be
sensitive to non-resonant contributions due to hypothetical new particles exchanged in the 7-channel
[7]. The rapidities of the two top quarks produced in the hard scattering process in the pp center
of mass frame are denoted by y,; and y, >, while their rapidities in the 77 center of mass frame are
y* = 5 (yr1 — y:2) and y* The longitudinal motion of the ## system in the pp frame is described by
the rapidity boost ygoosl =3 [y, 1 + ¥ 2] and the scattering angle y,; = €?¥"|. In particular, many signals

due to processes not included in the Standard Model are predicted to peak at low values of y;:[7].
The following observables have been measured:
e The absolute value of the azimuthal angle between the two top quarks (A¢;;);

e the absolute value of the out-of-plane momentum (| ul|) i.e. the projection of top-quark three-
momentum onto the direction perpendicular to a plane defined by the other top quark and the
beam axis (z) in the laboratory frame
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e the scalar sum (H!l!') of the transverse momenta of the two top quarks

HY = p™ + pp; )
e the longitudinal boost of the # system with respect to the center-of-mass of the colliding protons
poost)
o the scattering angle between the two top quarks (y7);

e and the ratio of the transverse momenta of the hadronic W boson and the top quark from which
it originates (Ry;)

Rw: = pY 105" ®)




