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Introduction to pp collisons @13 TeV

*  Monte Carlo (MC) programs used to unfold data with detector simulation — cornerstone
of particle physics. Good modelling needed to understand backgrounds to new physics

signals and we improve our understanding of QCD

* Derive perturbative calculations in Matrix Elements (ME) from first principles. Require
tuning of model parameters in the parton shower and non-perturbative hadronisation
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Run 2 data:

Increase in COM to 13 TeV
Challenging pileup conditions
3.2 fb! Good Physics luminosity
collected in 2015

Many preliminary/published results on
searches

Cross section measurements for tuning
models in detail on the way

About to start 2016 data taking

Use of Monte Carlo Event Generators for the study of 13 TeV pp collisions by ATLAS - Pheno2016 2



Modelling pp @13TeV

' (initial and final
state radiation)

Hadronisation
modelling

Beam remnants,

: dial k Multiple parton
primordial k_

interactions
(Underlying Event)

Matrix elements to leading order (LO) or next-to-leading order (NLO)
Higher multiplicities through parton shower (PS) or multi-leg with each multiplicity at LO.
Need to avoid double counting using matching schemes (CKKW-L, MLM, etc.)

Perform tunes of parton shower, fragmentation and underlying event (UE) parameters
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Recent studies on MC generators for 13 TeV data

Up-to-date documentation of the ATLAS MC status:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/MCPublicResults

Processes in detail:
* Monte Carlo Generators for the Production of a W or Z/y* Boson in Association with Jets at ATLAS in Run 2
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2016-003/

*  Multi-Boson Simulation for 13 TeV ATLAS Analyses
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2016-002/

*  Simulation of top quark production for the ATLAS experiment at sqrt(s) = 13 TeV
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2016-004/

*  Modelling of the tt H and ttV (V =W, Z) processes for Vs = 13 TeV ATLAS analyses
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2016-005/

Also, MC generator tools validated via well-defined procedures, documented in
http://cdsweb.cern.ch/record/2119984

Procedure: validate and study the MC generator performance using published data at
7 and 8 TeV to test the setup, and then MC-to-MC comparison (or first data) at 13 TeV
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W/Z+jets

* Interesting testing ground for QCD, multi-scale m,, m,,, p;®, heavy flavour
* Important background for many Higgs/BSM processes

Models used:
 MadGraph+Pythia8 (MG5_aMC+Py8 CKKW-L)

Leading order in ME up to 4 jets, PS beyond. Different final state parameter tunings A and B
and move from LO to NLO PDF

e Sherpa2.1

NLO for V+0,1,2 jets, LO multi-leg up to 4 jets, PS for higher multiplicities
e Sherpa 2.2

Switches from NLO to NNLO PDF and retune of shower parameters

Sample W, 7 TeV W, 13 TeV Z,7TeV Z, 13 TeV
o [pb] | kfac | o [pb] | k-fac | o [pb] | k-fac f o [pb] | k-fac
_____ NNLO _ | 10455 ] - ] 20080 ) - | 964 | - | - | 1906 | - | -_
Sherpa 2.1 11270 | 0.928 | 22108 | 0.9083 | 1150 | 0.912 | 1.08 | 2290 | 0.9013

Sherpa 2.2 10600 | 0.986 | - - 1080 | 0.981 | 1.08 | -

MGS5_aMC+Py8 CKKW-L A | 8290 1.26 | 16707 1.21 827 1.287 | 1.10 | 1710 1.239
MG5_aMC+Py8 CKKW-L B | 8960 1.17 | 17880 | 1.123 907 1.17 | 1.10 | 1840 1

MG5_aMC+Py8 FxFx | 10390 | 1.01 | - - 71017 | 1.023 | 1.08 - -

e Also investigate aMC@NLO with FxFx merging (MG5 aMC+Py8 FxFx)
NLO for V+0,1,2 jets and PS beyond
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/+jets @ 7 TeV
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At 7 TeV all Z+jets models doing a reasonable job within uncertainties although there are
differences

Sherpa 2.1 and MadGraph+Pythia8 A initial ATLAS defaults for 13 TeV MC samples

Some modelling issues at large jet separation for Sherpa models, improved with Sherpa 2.2
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Compare with early 50ns 85pb™ 13 TeV data analysis. As a function of inclusive jet
multiplicity and jet multiplicity ratio. Data consistent with all models.
The 25ns data analysis will use the 3.2 fb!
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do/dHy [pb/GeV]

MC /Data

/+]ets Systematic Uncertainties

* Important to have uncertainties due to modelling systematics ( in particular shape).
* Estimated by variation of factorisation, renormalisation, matching scales, etc..
* Alsoresults on Z+b jets (see extra material)
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Samples using Sherpa 2.1 @13 TeV to

allow study of systematic uncertainties
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MC/Data

W+jets
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Compare same models with W+jets measurements @7 TeV

See same features as with Z+jets in rapidity separation of jets
More information from parton splitting measurements

Also systematic variations @7 TeV plus predictions @13 TeV
Awaiting more precise analyses @13 TeV to test models in detail
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Expected/Data

Compared with updated Run-1 measurements:
Nominal samples using Powheg+Pythiab now with h
Discrepancies with data covered by systematic uncertainty samples with variations of h
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tt cross-section vs. hadronic pseudo-top-quark pr
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damp= M, provide reasonable description

damp

parameter, factorisation scale, radiation Hi and Lo tunes
(Note single top also included in note — see backup)
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ttbar @ 13 TeV
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First Preliminary Run-2 measurements (ATLAS-CONF-2016-005):

Compared with nominal and alternative MIC generators

None of the models perfect

These data measurements important for determining settings/parameters for 2016 MC samples
(More 13 TeV generator level studies — see backup)
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Multibosons @ 8 TeV

Opposite-sign 2¢2v final state in the Powheg phase space

3¢v final state in the Powheg phase space
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MC Samples produced for different leptonic, semi-leptonic final states sensitive to different
multiboson final states W27, 77, W\W etc.

Comparison of Run 1 LO Sherpa 1.4 with Run 2 NLO programs Sherpa 2.1 and Powheg+Pythia8
Differences in multiplicity/rapidity due to LO/NLO and also PS versus multi-leg for additional
radiations.

Predictions also for gluon loop induced and VBS processes
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Multibosons @ 13 TeV
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Left: Final measurement of ZZ->4l cross section at @13TeV in agreement with QCD
predictions for ggq and gg induced (use Powheg-Box for unfolding)
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-13/

Right: same sign, 3 lepton WZ validation region in SUSY search. MC prediction (Sherpa v2.1)
in agreement with data

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-09/
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ttW and ttZ @ 13 TeV
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Leading jet P, [GeV] Jet multiplicity

ttZ and ttW important as rare SM processes and as background to e.g. ttH

MC Samples produced for analyses @13 TeV including evaluation of systematic variations
Comparison here of MadGraph5+Pythia8 LO and Sherpa 2.2 LO with NLO MadGraph5
aMC@NLO+Pythia8
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Events

Data / Pred.

ttZ,tW @ 13TeV
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First Preliminary Run-2 measurements in multilepton events (ATLAS-CONF-2016-003):
MC predictions MadGraph5+Pythia8 LO normalised to NLO QCD cross section describes data
within the large statistical uncertainties
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Summary

 Monte Carlo generators vital tools for unfolding measurements, modelling important
backgrounds to new physics and improving our understanding of underlying QCD

* Recent results from ATLAS describing MC programs/settings used to model important
processes in Run 2 W/Z+jets, ttbar, multiboson and ttZ+W/Z

* Increasingly we move to NLO generators plus multi-leg as default Monte Carlos.
Improved description of the data but many challenges regarding processing time etc..

 Anunderstanding of the systematic uncertainties of the modelling is important,
samples/recommendations produced and documented for all the processes

* Results from 2015 Run 2 data has been important in testing/tuning Monte Carlo
programs

* As we prepare for 2016 data taking we will further refine our models
Expect more news (and datal) soon
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Back up
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Predictions model reasonably well the Run-1 measurements
Differences between models @7TeV get larger @13TeV
Pythia models with Evtgen to better describe heavy flavour decays (see also ttbar note)
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tt cross-section vs. hadronic pseudo-top-quark pr

ttbar @ 13 TeV

tf cross-section vs. pseudo-top-quark system pr
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Generator Comparison:
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Powheg+Pythiab and with C++ generators Pythia8/Herwig++
MadGraph5 aMC@NLO+Herwig++/Pythia8
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Active area of investigation: working on MCs for 2016 analyses, systematic samples provided
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Single top @ 13 TeV
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Single top production:
Interference between Wt and ttbar

Can remove using Diagram Removal
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Arbitrary Normalization
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Differences with MadGraph5 _aMC@NLO WWhbb. Studies on-going
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