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Introduction 
•  Observation of new boson dates 

back to July 2012 
•  Evidence in decays to γγ, ZZ, 

WW 
•  No significant excess for ττ, bb 

•  Does this new boson couple to 
fermions? 
•  Is the coupling proportional to 

their mass? 
•  Will discuss today searches for 

Hàµµ, ee, bb, ττ 
•  Will also briefly discuss ttH 

searches 
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H→µµ search 
CMS PAS HIG-13-007 

7 + 8 TeV 

•  SM predicts tiny branching fraction (2.2 X 10-4 @ mH = 125 GeV) 
•  Search done in categories in ηµ, pt

µµ, jet multiplicity 
•  Observed limit 7.4 X SM vs. 5.1 expected at mH = 125 GeV 
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H→ee search 
CMS PAS HIG-13-007 
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•  Branching fraction even smaller 
then µµ: 
•  BR(H →ee) ~2x10-5*BR(H→µµ) 

•  Done in different categories 
based on ηe and di-jet tagged 

•  No significant excess in search 
region 

•  H(125)àee/µµ summary (@8 
TeV) 

CHN Obs. Limit 95% σ*BR @ 125 GeV 
Hàee 0.038 pb 
Hàµµ 0.034 pb 



ttH 
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ttH(γγ) 
•  CMS PAS 

HIG-13-015 
•  µttH = -0.2+2.4

-1.9 

ttH(bb/ττ) 
•  CMS PAS 

HIG-13-019 
•  µttH = 0.85+2.47

-2.41 

ttH (multi-leptons) 
•  CMS PAS 

HIG-13-020 
•  µttH = 3.7+1.6

-1.4 



ttH search: combination 
CMS PAS HIG-13-019 

•  Combination of 3 independent ttH analyses 
•  Observed limit @ mH = 125 GeV 4.3Xσsm vs 2.9 expected 
•  Best fit µttH = 2.5+1.1

-1.0 
•  Hint of direct coupling to top quarks 
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Hàbb Analysis Overview 
•  Large Branching Fraction at mH = 125 GeV 

•  Large SM backgrounds 
•  B-Tagging presents challenges at the LHC 

•  Analysis done in 6 topologies: 
•  Z(ll)H(bb), Z(νν)H(bb), W(lν)H(bb) 

•  Published to arXiv:1310.3687 (Oct 2013) and Phys. Rev. D 
(Jan 2014) 

•  CMS also has a VBF Hàbb analysis CMS-PAS-HIG-13-011 

2/28/14 Joshua Swanson - Brown Univeristy 

7 



Hàbb 
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•  BDT Inputs include kinematics, b-tag 
information, angles  

•  Categorized based on pt(V) for each 
channel 

•   As a cross check to the BDT 
analysis an analysis fitting to mjj is 
done 
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Hàbb Results 
•  2.1 σ excess is observed at mH 

= 125 GeV consistent with the 
expectation for a SM Higgs 
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•  Best fit µ = 1.0 ± 0.5 
•  Consistent in Z(νν)H, Z(ll)H 

and WH channels 



Hàττ Analysis Overview 
•  Overall search includes 19.7 (4.9) fb-1 @ √s = 8 TeV (7 TeV) of 

LHC data taken with CMS 
•  Covers 3 leading production modes ggF, VBF, VH 
•  All ττ decay modes included 

•  τµτh, τeτh, τhτh, τµτe, τµτµ, τeτe 

•  Submitted to arXiv:1401.5041 and JHEP Jan. 2014 

2/28/14 Joshua Swanson - Brown Univeristy 

10 



Search Categories (Non-VH) 

•  Events split into 
categories 
•  Boost Significance 
•  Enhance production  

modes 
•  High sensitivity 

VBF Modes 
•  Boosted modes 

•  Initial state gluon 
radiates a jet 
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Dedicated VH Channels 
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•  ZHà2l2τ 
•  Small signal and 

background yields 

•  WHàlτlτh 
•  lτl must be same charge 
•  Split into categories 

based on LT: 
•  LT = pT

l +  pT
τl + pT

τh 

•  WHàl2τh 
•  Large QCD 

Background 



τeτµ Channel 

2/28/14 Joshua Swanson - Brown Univeristy 

13 

•  Very clean channel 
•  ttbar background reduced with a BDT 

•  Small branching ratio 
•  SM HàWW background in Tight VBF category 



τeτh Channel 
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•  Tricky Zàee background 
•  eàτ fakes 
•  With fake MET peaks in signal region 

•  QCD Multi-jet background is also 
problematic 

•  Tighter cuts reduces signal yields 



τhτh Channel 
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•  7 TeV analysis not done due to trigger thresholds 
•  Highest branching ratio 
•  QCD multi-jet background is large 



τµτh Channel 
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•  Most sensitive channel 
•  Smaller QCD/Zàll backgrounds then τeτh 
•  S/B ~ 1 in VBF tight signal region 



Exclusion Limits 
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•  Clear presence of an excess of events that is compatible with SM Higgs 
expectation. 



Properties of the Excess 
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•  Excess of 3.2 σ observed compared (MH  = 125 GeV) to 3.7 σ expected 
•  Scan of negative log likelihood difference gives a mass measurement of 122 ± 7 GeV 

•  Compatible with more sensitive mass measurements in ZZ,γγ searches 
•  Best fit µ = 0.78 ± 0.27 (@ mH = 125 GeV) 



Combination bb/ττ 
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•  Combination of VH(bb) and Hàττ 
searches 

•  Submitted to arXiv:1401.6527 and 
Nature Physics Jan 2014 

•  Combined excess of 3.8 σ for MH = 
125 GeV compared to an expectation 
of 4.4 σ 

•  Best fit µ = 0.83 ± 0.24 
•  Strong evidence for H(125) decays to 

fermions 



Summary 
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•  CMS has well rounded searches 
covering Higgs Fermionic properties 

•  Hint of direct coupling of Higgs to 
top quarks 

•  3.2 σ excess is observed over the 
background expectation for Hàττ 

•  Best fit µ = 0.78 ± 0.27 
•  Strong evidence for Higgs decays to 

fermions of 3.8 σ (Combination of 
bb/ττ searches) 

•  Best fit µ = 0.83 ± 0.24 
•  No significant evidence for decays 

to ee/µµ 
•  Strong evidence for flavor non-

universality 

Candidate CMS  Hàττ VBF Event 



BACKUP 
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Acceptance 
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Yields (2) 

2/28/14 Joshua Swanson - Brown University 

24 



Yields 3 
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Hadronic τ reconstruction 

•  Tau reconstruction: hadron+strip Particle-
flow based algorithm to reconstruct different 
hadronic tau decay modes 

•  τh identification: efficiency ~ 60% for jet fake 
rate ~ 1% 

•  The τh mass distribution used to control the 
tau energy-scale within 3%   
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τ→a1	

τ→ρ	





Visible mass 

Full reco mass 

better 
Z & Higgs 	


separation 

•  Di-tau mass estimation uses visible decay products & missing ET 
in a maximum likelihood fit 

•  The mass resolution is ~ 10-20% depending on channel/category 

H→ττ: mass reconstruction  
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H→ττ: background estimation 

QCD: 
•  Normalization from ratio of  
    same-sign(SS) to opposite-sign (OS)      
     data events 
•  Shape from SS data events 

W+jets: 
•  Normalization 

from  
     high mT control 
region 
•  Shape from MC 

Z→ττ: 
embedded samples 
No MET/JES scale 
uncertainties 
Shape estimation and 
correction for 
selection efficiencies 

Z→ee/µµ 
•  Normalization scale  
   factor from tag-and-probe     
   in data 
•  Shape from MC 

ttbar: 
•  Normalization 

from eµ b-tag 
control region 

•  Shape from MC 

All normalizations 
are data-driven 
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Highest sensitivity categories utilize pt
ττ 

•  1-jet: high pt(τh) boost   
    pt(τh) > 45 GeV, pt

ττ > 100 GeV 
•  2-jet: tight VBF tag 
    Mjj> 700 GeV, |Δηjj|  > 4, pt

ττ > 100 
GeV 

pt
ττ =|


pt (L1 )+


pt (L2 )+


ET
miss |

L1, L2 : two final state leptons variable well controlled 

H→ττ: Event categorization 
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Systematics 
•  Summary of systematic 

uncertainties 
•  τh E-Scale 

•  Shape Uncertainty 
•  Background 

Normalization 
•  Vary by category/

channel 
•  Theory Uncertainties 
•  Bin-By-Bin Stat 

uncertainties 
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•  ET
miss: significant improvement in resolution and dependence on pileup  

•  Crucial for H→ττ analysis: mττ reconstruction and separation of signal 
from W+jets background using mT(µ,ET

miss) selections 

MET and control of W+Jets 
Background 
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τeτe/τµτµ Channels 
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•  Large Zàll 
background 

•  Small ττ branching 
ratios 

•  Analysis fits to 
BDT distribution 

•  BDT includes 
kinematic variables 
including: Mττ, Mvis 



Expected Sensitivity 

•  τµτh is the most sensitive channel 
•  VBF/Boost highest sensitivity categories 

•  Good Mass Resolution and smaller backgrounds 
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Significance Weighted 
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•  Inset shows difference between 
observed data and expected 
background – compared to SM H 
(125) expectation  



Best Fit 
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•  Overall best fit µ = 0.78 ± 0.27 
•  Standard model like couplings 



Best Fit Breakdown 
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Significance 
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•  Excess of 3.2 σ observed compared (MH  = 125 
GeV) to 3.7 σ expected 

•  Slightly larger in the case VH is excluded 
(3.4 σ observed) 

•  0.07% chance of background only hypothesis 



Couplings 
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•  Couplings are compatible with SM expectation 

Vector and fermion couplings grouped 
κV: κW=κZ      κF: κt=κb= κτ=κg 

H à ww treated as signal 


