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Event Selectlon
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Gleisberg et al. JHEPO2 (2004) 056

Underlying event/Multi-parton interactions:

— Contribution from both pileup and hard process

identified and excluded.

— Track associated to the charged particle flow
candidate is required to be compatible with the
primary vertex = reduces the pileup
contamination in the charged particle
collection to negligible amounts +

- All charged particle candidates with pT>900
MeV and |eta|<2.1 are selected

- If a charged particle is clustered in a jet or
if it matches to a hard lepton from ttbar, it
is removed from the collection of
underlying event particles.
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Underlying Event in ttbar

CMS Simulation tt — (evb)(urb) (13 TeV)
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Distribution of all particle flow candidates reconstructed
in a Powheg + Pythia8 simulated ttbar event.

Big filled red circles = leptons from ttbar.
Big filled orange circles = charged particles clustered in b-jet from ttbar.

For all particles pT> 900 MEV




Underlying Event in ttbar Events

I Properties of the underlying event is studied for the first time at a scale of
>2mt (i.e. > ~340 GeV)

I > 200 distributions investigated.
Il Measurements unfolded to particle level:

charged-particle multiplicity: N,;

magnitude of the py of the charged particle recoil system: |pr| = |E;N"“1‘ pril;

scalar sum of the pr (or p,) of charged particles: }_ py = [:;N""; |Px.il, where k = T or z;
average pt (or p.) per charged particle: computed from the ratio between the scalar
sum and the charged multiplicity: pr (or pz).

Aplanarity: A = 33 measures the pr component out of the event plane, defined

by the two leading eigenvectors. Isotropic (planar) events are expected to have A = Defined using the sphericity
1/2(0). tensor
Sphericity: § = %(;\3 + As) measures the p% with respect to the axis of the event. An - N, Nen

isotropic (dijet) event is expected to have S = 1(0). SH = Ep:'p:'/|p,|/ Y Ipil
C = 3(A1A2 + A1A3 + A2A3) identifies 3 jet events (tends to be 0 for dijet events). = =
D = 27A1A2A5 identifies 4 jet events (tends to be 0 otherwise).
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Underlying Event in ttbar Events
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* Unfolded UE data in ttbar compared to
Powheg+Pythia8
« ~20 charged particles with Pt ! pz " 2GeV
e | vectorially summing to ~10 GeV recoil.
* Sensitive to

e Parton shower Initial State Radiation (ISR) and
Final State Radiation (FSR)

e Underlying event tune fit (UE up and down)
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Theory/Data
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Underlying Event in ttbar Events
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I Further categorize events using the dilepton transverse momentum, mass and
number of jets.

I High correlated to reconstructed top kinematics: pT(ttbar), m(ttbar) and ISR but easier to measure
than reconstrued top kinematics.

| Dilepton direction is al used to define standard underlying event regions (towards, away,

transverse).
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Underlying Event in ttbar Events

« Observables/categories enhance sensitivity to the modeling of MPI, color reconnection, and
a.FSR(M,) in Pythia8.
« Among the parameters with the largest impact on the ttbar modeling.
» Data disfavor default settings in HERWIG++, HERWIG7, and SHERPA - Need tuning.
» Choice of NLO ME generator (Powheg or MG5_aMC @NLO[FxFx] + Pythia8) does not impact the UE

in ttbar.
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Underlying Event in ttbar Events

% Uncertainty

Source — o
N Yprr Xp: pPr Pz ptl S A C D
Statistical 010 02 03 02 02 03 01 01 01 0.1
Experimental Uncertainties affecting the
Background 12 16 18 04 07 16 04 07 03 07 measurement of the average of
Tracking eff. 4.4 4.2 49 08 04 40 04 06 02 0.6 the UE observables. The values
Theory are expressed in % and the last
R/ Ur 05 08 10 03 03 1.0 01 01 01 02 row reports the quadratic sum of
Resummationscale 02 0.8 05 11 02 16 08 04 02 07 the individual contributions.
a5k (Mz) 05 07 07 08 17 07 02 10 02 12
aPR(Mz) 01 03 11 12 07 04 02 05 01 13
UE model 01 01 02 10 04 05 02 02 01 09
my 04 07 15 06 09 05 01 01 01 07
pr(t) 14 44 45 28 21 67 02 05 02 03
Total 49 65 73 37 31 82 11 16 06 24

* The measurements of the normalized differential cross sections are dominated by systematic
uncertainties although the statistical uncertainty is also a large component in some cases.

* Experimental uncertainties = most relevant is the tracking efficiency.
* Theory uncertainties have in general more effect 2 better tuning of the model parameters needed.



Underlying Event in ttbar Events

 Test the universality of the UE
hypothesis to scales up to 2m,
than the ones UE models are
usually tuned.

* Measurements in categories of
m(ll) indicate that it should be valid
at even higher scales.
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I The measurements will be used to improve the assessment of systematic uncertainties in future

measurements. A first example is given next.
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Underlying Event in ttbar Events
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« Data prefer lower a;™SR(M,) than
assumed in Monash.

« Similar result from jet substructure in ttbar
events [CMS-PAS-TOP-17-013:
https://arxiv.org/abs/1808.07340 ]

pr(£l) region Inclusive Away Toward Transverse
Best fit al>R(My) 0.120 0.119 0.116 0.119
68% CI [-0.006,+0.006] | [-0.011,40.010] [-0.013,40.011] [-0.006,+0.006]
95% CI [-0.013,+0.011] | [-0.022,+0.019] [-0.030,+0.021] [-0.013,+0.012]
Hr/ Mz 2.3 24 29 24
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We have the data to make similar dedicated studies to control modeling in many different
processes and in different phase-space regions.


https://arxiv.org/abs/1808.07340
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