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H->γγ analysis with full 2016 data at 13 TeV collected by CMS 
▲  Precision measurement of Higgs’ boson properties 
▲  Diphoton invariant mass range 100<mγγ<180 GeV 
▲  Classify diphotons by additional objects related to production mode to enhance sensitivity 

Improved measurement of signal strength and coupling constants 
▲  Overall and per process (signal strength) 
▲  Two-dimensional fit for fermionic vs vector boson production modes (signal strength) 
▲  Two-dimensional fit for gluon vs photon coupling 
▲  Two-dimensional fit for fermionic vs vector boson coupling 

 
 

Documentation:  
▲  CMS-PAS-HIG-16-040 (all figures and results from this PAS) 

Introduction 
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Higgs to two photons 
●  Signal signature 

▲  Two isolated and high ET photons 
▲  Final state fully reconstructed with 

high resolution 
▲  Mass resolution: σ 1-2% mγγ 

●  Large backgrounds 
▲  Continuum γγ (irreducible) 
▲  Fakes from γ+jet/jet+jet (reducible) 

●  Photon energy: well calibrated and 
corrected, Z->ee peak used as reference 

●  Primary vertex: BDT for selection; within 
1cm->negligible impact on resolution 

●  Photon ID: BDT discriminates real vs 
fake photons from jet fragment 
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Analysis strategy 

●  Event tagging: events are sorted into 14 categories 
depending on Higgs production modes and 
kinematics, to improve the analysis sensitivity 

●  Top fusion (ttH): cut-based leptonic and mva-based 
hadronic (2 categories) 

●  VH: cut-based and split into leptonic, hadronic, MET 
(5 categories) 

●  VBF: dijet+diphoton BDTs with categories based on 
significance (3 categories) 

●  Untagged: split by diphoton BDT score, 
corresponds to different S/B and invariant mass 
resolutions (4 categories) 
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Transformed score of the diphoton BDT
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●  Category priority: Tags are prioritized in order of S/B 



Signal fractions and 
expected yields 

●  Expected yields for the full 2016 dataset 
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Mass distributions 

               All categories                                          All categories weighted by sensitivity 
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Signal strength 
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Signal strength 
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Cross section 

●  Cross section ratios are measured for each process using the 
Higgs Simplified Template Cross Section (STXS)[1] framework for 
profiled mH, compared to the SM expectation and uncertainties 
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[1]: LHC Higgs Cross Section Working Group Collaboration, “Handbook of LHC Higgs Cross Sections: 4. 
Deciphering the Nature of the Higgs Sector”, technical report, 2016. arXiv:1610.07922 

. 
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Coupling constants 

●  Measurements of coupling modifiers to vector bosons and 
fermions (kV,kf) and to photons and gluons (kγ,kg) 
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●  (kV,kf) is inconsistent with (1,-1) to an observed (expected) 
level of  5.6σ (6.3σ)  



Further measurements of Higgs 
boson in two photon final state 

Measurement of fiducial and differential cross section 
●  CMS-PAS-HIG-17-015 
●  Vittorio will be giving a talk covering this tomorrow at 9:30 in detail 
●  Measure the differential fiducial cross-section binned in 

transverse Higgs momentum and number of jets 
Search for low-mass Higgs resonance 
●  CMS-PAS-HIG-14-037 
●  Linda will be giving a talk covering this tomorrow at 12:45 in detail 
●  Search results for low-mass resonance from Run1 data 
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Summary and outlook 

●  Latest results of Higgs measurements with H->γγ from Run2 data 
(35.9 fb-1) collected by CMS detector at 13 TeV were presented 

●  Measurements of its properties are largely compatible with SM 
expectations 

●  Results are still statistically limited 
●  Expected >100 fb-1 to be delivered by the end of Run2 

▲  improve precision on the measurements 
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Extra material 
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Photon energy 

●  Electromagnetic calorimeter response 
▲  Corrected for change in time 
▲  intercalibrated for η/φ uniformity 
▲  adjustment of absolute scale 

●  Energy and its uncertainty corrected for local and global shower 
containment: 
▲  regression targeting Etrue/Ereco 

●  Scale vs time and resolution calibration: 
▲  Z->ee peak used as reference 

●  Fully corrected energies and resolutions used in the analysis 
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Untagged Categories 15 
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ttH hadronic category 16 
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●    
●  Cut-based strategy replaced with 

mva to improve µttH sensitivity 
●  Input variables  

▲  Number of jets 
▲  Maximum b-tag value 
▲  Second maximum b-tag 

value 
▲  Leading jet pT 

●  BDT trained with MC ttH vs MC 
diphoton 

●  Preselection:  
▲  at least 3 jets  
▲  at least 1 loose b-jet 

 

tt→ bqq 'bqq ' ●  Control Sample:  
▲  one photon ID 

requirement inverted  
▲  2 jets and 0 leptons in 

event 
▲  reweighted for pT, η of 

photons and pT of lead jet 
●  2-d optimization of diphoton 

MVA and ttH MVA 
▲  diphoton MVA > 0.577 
▲  ttH MVA > 0.75 
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ttH leptonic category 

●  Selection 
▲  (sub)leading photon 
       pT/Mγγ>0.5(.25) 
▲  At least 2 jets with 
       ΔR(j, γ or l) >0.4 
▲  At least one b-tagged jet 
▲  At least 1 lepton 
       ΔR(l,γ)>0.35 
▲  For electron: 
       |Meγ-MZ|>5 GeV 
▲  diphoton mva > 0.107 
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                        or   
Control sample: 

▲  2 jets 1 lepton and invert ID 
requirement of one photon 

tt→ blν l bqq tt→ blν l bl 'ν l '

●  Jets:  
▲  ak4PFCHS;                   

pT>25 GeV; |η|<2.4 
●  Bjets:  

▲  PF CSV v2 (medium WP) 
●  Muons:  

▲  pT>20 GeV; |η|<2.4; “tight 
muon”; miniIso<0.06 

●  Electrons:  
▲  pT>20 GeV; loose EGM ID 
      |η|<2.5; 1.442<|η|<1.566;  
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●  ZH leptonic: 
▲  two leptons: 
▲  70<mll<110 GeV 
▲  ΔR(γ, µ(e)) >0.5(1.0) 
▲  diphoton mva>0.107 

3 VH leptonic categories 18 

●                  or  
●  Muons 

▲  pf isolation < 0.25 
(loose WP) 

●  Electrons 
▲  loose EGM ID 

●  Photons 
▲  (sub)leading  

      pT/mγγ>0.375(0.25) 

●  WH leptonic: 
▲  one lepton: 
▲  pT

miss > 45 GeV 

▲  ΔR(γ, l) >1.0 
▲  diphoton mva>0.28 
▲  <=2 jets 

●  VH leptonic loose: 
▲  one lepton: 
▲  pT

miss < 45 GeV 

▲  ΔR(γ, l) >1.0 
▲  diphoton mva>0.28 
▲  <=2 jets 

W → lν Z→ ll
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VH MET 
●                 (lepton out of  

acceptance) or  
▲  pT

miss > 85 GeV 
▲  Δφ(γγ, pT

miss) >2.4 
▲  diphoton MVA > 

0.790 
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VH hadronic            VH MET categories 19 

VH Hadronic 
●  W->jj  or Z->jj 
●  Photons 

▲  (sub)leading  
      pT/mγγ>0.5(0.25) 
▲  pT

γγ/mγγ>1.0 
Diphoton MVA > 0.906 

●  Control region 
▲  Δφ(γγ, pT

miss) <2.0 
(for MVA 
optimization) 

▲  0.278<MVA<0.79 
(for pT

miss variables 
optimization) 

 

 

W → lν
Z→νν

●  Jets 
▲  At least two jets 
▲  pT > 40 GeV  
▲  |η| < 2.4  
▲  60<mjj < 120 GeV 
▲  |cosθ*| < 0.5 
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●  VBF production contains two jets in 
addition to diphoton pair 

●  Jet definition:  
▲  ak4PFCHS, reclustered and 

corrected wrt to vertex, “pile-up jets” 
are removed using PUJID algorithm 
(Tight WP) 

●  Kinematic dijet MVA: identify VBF events 
▲  Input: pT/mγγ of both photons, pT of 

both jets, mjj, Δnjj, Δφjj,γγ, Δφjj, ΔRγj, 
and centrality variable 

●  Combined dijet MVA to categorize events 
▲  inputs: diphoton BDT, kinematic dijet 

MVA, pT
γγ/mγγ 

●  3 VBF-tagged categories using the 
combined MVA 
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Expected yields for full 2016 dataset 

 


