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CMS ttH analysis @ 13 TeV 
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Motivation of ttH analysis 

•  After Higgs discovery, focus now: property 
§  Mass, width, Spin, parity etc 
§  Couplings to fermion, gauge boson, and itself 

•  Top-Higgs Yukawa coupling measurement 
§  The largest coupling to fermion ~1 
§  Indirect constrains from gluon fusion production 
§  Direct measurement at tree level via ttH 

•  Not yet observed so far 
§  4.4 sigma combine ATLAS/CMS @ run1 

•  2σ deviation from SM @ run 1 
§  Consistent with SM due to large uncertainty 
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µttH=2.3+07
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ttH measurement @ 13 TeV 

•  Low production cross section 
§  2 orders smaller than gluon fusion  

•  Complicate final states:  tt + Higgs 
•  Advantage: 
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ttH, Hàbb analysis 

•  Divided into 1 lepton and 2 lepton analysis 
§  One e(µ) of Pt > 30 (25) GeV,|η|<2.1, >= 4 jets of Pt>30GeV,|η|<2.4 
§  Two e/µ of Pt > 20/15 GeV, |η|<2.4, >=3jets of Pt>30,30,20GeV, |η|<2.4 

•  Categorize events based on number of jets, b-jets (next slide) 
•  Combined fit with all categories 

§  Background categories: constrain backgrounds 
§  Signal enriched categories: extract signal 
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ttH,Hàbb events categorization and analysis 

•  Event selected in 13 categorizes  
§  BDT and/or MEM used per category 
§  Tt+jets dominated in all categories 
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ttH,Hàbb results 

•  Simultaneous binned maximum likelihood fit to all categories 
•  Results with 2015 data only (2.7 fb-1) 

§  2016 data (>20 fb-1 now) analysis are ongoing 

6

HIG-16-004 

 = 125 GeVH at m
SM

σ/σ = µBest fit 
10− 5− 0 5

Combined

Dilepton

Lepton+Jets

CMS Preliminary  (13 TeV)-12.7 fb

µttH <2.6(3.6) 

 = 125 GeVH at m
SM

σ/σ = µ95% CL limit on 
1 10

Combined

Dilepton

Lepton+Jets

CMS Preliminary  (13 TeV)-12.7 fb
σ1±Expected 
σ2±Expected 

Observed



Aug 22, 2016 CMS ttH @ 13 TeV  @ 合肥 

ttH,Hàγγ analysis 
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•  Use MVA to separate 
diphoton pairs 

•  2 categories 
•  Leptonic Tag 

§  2γ, Pt>mγγ/2, mγγ/4 
§  >=1 lep, Pt>20GeV 
§  >=2 jet, Pt>25 GeV 

–  >=1 b-tagged 

•  Hadronic Tag 
§  2γ, Pt>mγγ/2, mγγ/4 
§  No leptons 
§  >=5 jets, Pt>25 GeV 

–  >=1 b-tagged 

•  Good mass resol. 

Very clean, low rate, Best Higgs mass resolution 
q 
q 

PAS HIG-16-020 
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ttH,Hàγγ analysis 

•  Signal extracted by fitting mγγ with smooth falling B + signal 
§  Limited statistics 
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ttH, Hàmultileptons analysis 

•  ttH,HàMultilepton from HàWW,ZZ,ττ 
•  Select events based on number of leptons 

§  2 same sign leptons(Pt>25,10(15)GeV)+4 jets(Pt>25GeV)+ET
miss + HT

miss 

§  >=3 leptons (Pt>10GeV, with Z veto) + 2 jets(Pt>25GeV) + ET
miss + HT

miss 

•  B-tagged jets requied 
§  At least 2 loose or 1 medium b-tagged jets 
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Event categorization and yields 
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•  Dominate background 
§  Non-prompt(Fakes) ~50% 
§  ttW ~25% 

•  Events further categorized by 
§  Presence of tau jets, leopton charge, jets 

PAS HIG-16-022 



Aug 22, 2016 CMS ttH @ 13 TeV  @ 合肥 

Non-prompt background rejection/estimation  

•  Non-prompt backgrounds 
§  Mainly from b-jets in tt events 
§  Few from mis-identified light jets and decay-in-flight 

•  Multivariable used for separation 
§  Isolation 
§  Vertex 
§  Relation with nearby jets  

•  Data validated performance 

•  Data-driven estimation 
§  Loose à tight fake prob.  
§  Loose à tight charge flip prob. 
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ttH,HàMultilepton signal discrimination 

•  Using BDT to separate signal against tt and ttV 
§  Jets multiplicity, lepton/jet angular separation, MET, lepton Pt 

•  New MEM weights for ttH and ttV hypotheses (3 lepton only) 
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ttH,HàMultilepton signal extraction 

•  2 D fitting to the BDT  
§  ttH against tt / ttH against ttV 
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ttH,HàMultilepton results 

•  Results with 13 TeV data 
§  2015 (2.3fb-1) + 2016 (12.9fb-1) 
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Obs. 3.2 σ 
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Summary and outlook 

•  The 13 TeV ttH analysis is presented 
§  ttH,Hàbb:  2.7 fb-1 @ 13 TeV, data 2015: µttH < 2.6 (3.6) @ 95% CL 
§  ttH,Hàγγ:  12.9 fb-1 @ 13 TeV, data 2016: µttH = 1.91+1.5

-1.2 
§  ttH,HàMultilepton: 12.9 fb-1 @13 TeV, data 2015 + 2016: µttH = 2.0+0.8

-0.7 

•  Evidence of ttH can be observed in multilepton channel only 
§  Expect observation soon 
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Run 1  
7+8TeV 

Data 2015 
13TeV 

Data 2015 + 2016 

µttH = 0.15+0.95
-0.81 µttH = 2.90+1.08

-0.94,  3.4σ µttH = 2.0+0.8
-0.7,  3.2σ 

Multilepton only 
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backup 
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ATLAS 13 TeV results 
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•  13 TeV 13.2-13.3 fb-1 

•  Combine Hàbb,multilepton, γγ 
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Example analysis of boost objects 
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Data/MC comparison for ttH,HàMultilepton 
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