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INTRODUCTION

At the LHC, being a top quark factory, we can study the various production and 
decay processes involving top quarks

We will cover several measurements involving rare top quark processes at CMS

Top quark production in association with vector bosons (ὸӶὸ ὡȾὤȾ‎and ὸὤή) allow 
us to probe the electroweak interactions of the top quark

Four top quark production has not been observed yet at the LHC. This channel is 
sensitive to some BSM that predict enhanced coupling to top quarks
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ὸӶὸὡ AND ὸӶὸὤ
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INTRODUCTION

Probe of top quark and vector boson coupling
ÍDirect probe of top quark -ὤcoupling through ὸӶὸ ὤ

Backgrounds to many searches with leptons

Data
Í35.9 Ὢὦ at ί ρσὝὩὠ

ÍTrigger: at least a single high pT lepton (electron or muon)

Simulated samples
ÍGenerators ðMadgraph5, MG5_AMC@NLO, POWHEG v2

ÍScaled to NLO or NNLO cross sections

ÍFragmentation and hadronization ðPYTHIA v8.2

ÍDetector simulation ðGEANT4
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EVENT SELECTION FOR ὸӶὸὡ

ὸӶὸὡ in same-sign dileptons (SSDL)
ÍSame-sign isolated high pT leptons

ÍVeto events with 3rd loose lepton

ÍDilepton mass selection to remove Z

Íὴ σπὋὩὠ

ÍRequire ὔ ςand ὔ ρ

Backgrounds
ÍNon-prompt and fake leptons

ÍWZ ðnormalized to data in control-region

ÍRare ὸӶὸprocesses and other 
rare SM processes ðest. from MC

ÍCharge mis-id for electrons
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MULTI-VARIATE ANALYSIS FOR ὸӶὸὡ SSDL

Multivariate analysis (MVA) using boosted-decision tree (BDT)

ÍSignal: ὸӶὸὡ, Background: events with ςjets with ρb-tagged jet

ÍSample subdivided into different ὔ and ὔ , total lepton charge bins ( , )
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EVENT SELECTION FOR ὸӶὸὤ

Trilepton channel

ÍRequire exactly three isolated leptons

ÍάЉЉ ὓ ρπὋὩὠ

ÍRequire ὔ ςand ὔ π

Four leptons channel

ÍRequire four isolated leptons

ÍάЉЉ ὓ ςπὋὩὠ

ÍFor ὩὩ‘‘ȟὩὩὩὩȟ‘‘‘‘events, veto if the 
second OSSF pair satisfies άЉЉ ὓ
ςπὋὩὠ

ÍRequire ὔ ς, ὔ π
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ὸӶὸ ὡȾὤIN HIGH S/B REGION 

ὸӶὸὡ ὸӶὸὤ
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SS dilepton in ὔ σȟὔ ςcategory Trilepton in ὔ σȟὔ ρcategory



ὸӶὸ ὡȾὤSYSTEMATICS
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RESULTS

Significances >5 observed each for   
ὸӶὸ ὡ and ὸӶὸ ὤ

Measured Cross Sections through 
simultaneous fits
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