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Motivation for measurements at the particle level

m Cannot measure top quarks directly in our detector
— reconstruct from decay products: jets, leptons, MET

Parton level

m Extrapolate back to some top quark found in the event record of MC simulation
m Usually large modeling uncertainties (especially from switching programs)

m No clear definition of the top: “The unfortunate truth is that most of the event record is
intended for generator debugging rather than physics interpretation.”
— Rivet manual Section I11.6, "The science and art of physically valid MC analysis"

Particle level

m Use only stable hadrons, leptons and photons — jets, leptons, MET
m Close to reconstruction level with realistic event selection (fiducial region)
m ‘report only what you can see’ — small extrapolation uncertainties

m Preserve complete particle-level analyses in form of Rivet code [http://rivet.hepforge.org]
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CMS Top Rivet analyses

m 8 TeV tt analyses available in current Rivet 2.5.3:
CMS 2015 11370682 Differential cross sections
CMS 2015 11397174 Additional jet activity in dilepton
CMS 2016 11473674 Kinematic event observables

m 8 TeV tt analyses available in Rivet contrib — Rivet 2.5.4:

CMS 2015 11370682 parton Differential cross sections

CMS 2016 11413748 Spin correlations and top quark polarization
CMS 2016 11430892 Charge asymmetry

CMS 2016 11454211 Boosted top pr

CMS 2016 PAS TOP 15 006 Jet multiplicity in lepton-tjets
CMS 2017 11518399 Leading jet mass for boosted top quarks

Lessons learned from a-posteriori implementation of 8 TeV analyses:

m Most analyses rely on top parton information — heavy use of PartonicTops projection

/// @uarning Requires there to be tops in the event record. A fiducial pseudo-top
/// analysis approach is strongly recommended instead of this.

m Even if full particle level: difficult to port analyses from CMSSW to Rivet in “nice” code
m “HepMC digging” instead of native Rivet projections
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Rivet objects in CMSSW

m Module* that integrates Rivet projections and converts to CMS GenParticles/GenJets
m Outputs can be configured to be close either to detector or parton level
m FinalState for stable particles

maxEta = 5. # HF range. Maximum 6.0 on MiniAOD data format

MissingMomentum respecting maxEta
DressedLeptons (not vetoing 7 decays)

leptonConeSize = 0.1, minlLeptonPt = 15., maxLeptonEta = 2.5
m FastJets with b/c/7 “ghost” tag and 3 incarnations: narrow, narrow+v, fat jets

jetConeSize = 0.4, minJetPt = 30., maxJetEta = 2.4
fatJetConeSize = 0.8, minFatJetPt = 400., maxFatJetEta = 2.4

IdentifiedFinalState for neutrinos and photons
Global configuration flags

usePromptFinalStates = True # for leptons, photons, neutrinos
excludePromptLeptonsFromJetClustering = True

*CMS code is public, see pull request #18404 in github for latest version for general CMS usage
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Lepton/photon promptness and isolation
If usePromptFinalStates == True:

m Particles are required to be “prompt” = not from a hadron decay (long lifetime)
If usePromptFinalStates == False:

m Need to identify isolated leptons and photons, just as on reco level
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m Isolation calculated in a cone with R = 0.4, proposed cut value reliso< 0.35
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Lepton+jets channel
Selection

m Exactly one electron or muon with pt > 30 GeV, |n| < 2.4 (reliso< 0.35)
m Veto events with additional leptons with pt > 15 GeV, || < 2.4 (reliso< 0.35)
m Require at least 2 b jets and 2 light-flavor jets with pt > 25 GeV, |n| < 2.4

Reconstruction of top candidates and tt system

invariant-mass based

m Neutrino = sum of all neutrino four-momenta
m Take jet combination that minimizes
K? = [M(py + pc + p,) — me]* + [M(py, + pip) — mw]® + [M(pj, + pj, + pp,) — me]?

E pt — AR based approach (= original LHCTopWG agreement)

m Neutrino: sum of all neutrino pr, solve for p, with my, constraint, take larger solution

m Use only 4 highest-pt jets: b jet closest to lepton is assigned to ty,
remaining jets make up t; without requirement on myy,
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Lepton+jets invariant masses
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m [N centers at my, and my by construction, [E] leads to high-mass tails
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Top pr particle vs. parton level
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m AN matrix more diagonal <> better purity/stability, corresponds better to top quark
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tt pr particle vs. parton level
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L] E low efficiency at high pr, matrix non-diagonal, biased towards low pr,
caused by using hard ISR for hadronic W candidate
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— tt observables in approach E depend more on jet activity than the actual tt system
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Particle vs. detector level
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m Simpler approach E can be reconstructed slightly better on detector level
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Dilepton channel

m Top reconstruction uses full neutrino momenta to construct W candidates with ~ myy,
combine with b jets to top candidates with ~ m;

m Compute top/tt resolution (reco vs. particle level), and compare to lepton+jets
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— lepton+jets gives better top reconstruction, dilepton better tt reconstruction!
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Single top t-channel: selection

m Select events with one prompt muon with pr > 26 GeV, |n| < 2.4
m isolation required at reco level

m Require at least 2 jets with pt > 40 GeV, |n| < 4.7, AR (j, ) > 0.4
m B-tagging used only at reco level (exactly 1 b tag required)
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m Upper panels: distributions after reco level selection
m Lower panels: acceptance = fraction of parton/particle level events surviving reco selection
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Single top t-channel: spectator jet, top quark polarization angle

m Required 2 jets at reco level, lost events with only 1 jet at particle level — 80% overlap
m Polarization angle 0};: angle between muon and spectator jet in top rest frame

m Top reconstruction: get neutrino p, using MET and myy, constraint,
combine with b jet on reco level, with jet that gives mass closer to m; on particle level
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m Acceptance for particle level significantly higher than for parton level
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Summary

Presented objects from new Rivet-based particle level code in CMSSW
Discussed approaches for top reconstruction in lepton-+jets
m Mass-based approach corresponds better to parton top/tt than LHCTopWG approach E
(even if we don't care about the parton: has lower sensitivity to extra radiation)
Compared particle—reco level top/tt pt resolution in lepton+jets and dilepton
m Lepton+jets seems more suited for top observables, dilepton better for tt
Presented implementation of single top at particle level
m Acceptance on particle level maximized by not using any ghost b tag requirement

Outlook

m OQutlook: export to other CMS groups ©

m Module is flexible — define a common Rivet plugin for ATLAS4+CMS diff xs combination,
with the measurement to be implemented as “homework”
(imho: does not need to be overoptimized, just using a bit common sense)
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