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OutlineOutline
 The experiment

 LHC
 CMS

 Standard Model Higgs
 Higgs boson
 Production and decay modes

 H →WW* → eνμv channel
 Signal topology
 Backgrounds
 Selections

 Cut-based
 Multivariate

 Systematics



  

Higgs ScalarHiggs Scalar
 Standard Model = non-Abelian SU(2) x U(1) gauge theory

Local gauge invariance  all fields a priori massless

Massive fields terms ( W,Z,e,μ .. ) BREAK invariance

 Higgs Mechanism

Postulate the existence of a hidden sector, potential with SU(2) doublet 

Couples to known particles and gives them mass by acquiring v.e.v

2 complex components  4 d.o.f.

 3 d.o.f give masses to W± , Z

 1 d.o.f left scalar neutral particle H , 

mH free parameter



  

CMS and LHCCMS and LHC

Design properties

Good tracking system (SiStrip + pixels)

 ECAL (Scintilating PbWO4 crystals)

HCAL (plastic scintilator)

Muons (DT, RPC+CSC)

Design P-P collisions at s=14 (TeV)2

1st injection energy mid-november 09

Progressively move to 3.5 TeV beam

In 2010  5 TeV

Later (??)  7 TeV



  

Higgs production at LHCHiggs production at LHC
Gluon fusion

VBF

Higgs-strahlung

Ttbar and bbbar fusion

10TeV



  

Decay modesDecay modes
Two main scenario

• mH < 140 GeV 

H  bb ( BR ~ 85 % but messy)

H  tau tau (cleaner)

• mH > 140 GeV

H  WW  2l2ν (dominant but 
no mass peak)

H  ZZ  4l (clean mass 
reconstruction but lower BR)



  

H H  WW  WW  e  e νν  μμ  νν
Signal Topology
•  2 oppositely charged leptons at 
central pseudorapidities

• no central jet activity (CJV)

• high Missing ET

• colinear emitted leptons (spin 
correlation)

Backgrounds
• Dominants: WW, ttbar, W+jets

•  also tW, Z+jets, WZ .. 



  

Cut-based analysisCut-based analysis
Strategy
• candidate events have to pass trigger and common skim with at least two 
reconstructed leptons with pT > 10 GeV

• select exactly 2 leptons  

• Missing ET > 30 GeV

• mll > 12 GeV

• Central Jet Veto



  

NN analysis (1)NN analysis (1)
Strategy

For  each mass  130 GeV< mH < 200 GeV split signal 
and background tree into two samples with same 
amount of events:
 - training sample
 - test sample

 Independent samples

Use 5 discrimination variables (Δφ, Missing ET, PtMin, 
PtMax, mll)
•The structure of the MLP classifier is selected. 
•Train the NN with training sample  fix the weights 
associated to nodes
•Test sample to check that no overtraining has 
occurred
•Let some MLP parameters vary to check if the 
configuration is (almost) stable (learning rate, decay 
rate, number of cycles, ordering input variables)



  

NN analysis (2)NN analysis (2)

mH = 140 GeV

mH = 160 GeV

Assuming 20 % uncertainty on backgrounds



  

PDF uncertaintiesPDF uncertainties
Crucial to study the propagation of PDF uncertainties to physical observables such as Crucial to study the propagation of PDF uncertainties to physical observables such as 
cross sections, selection efficiencies .cross sections, selection efficiencies .

Use reweightingUse reweighting

Calculate varied quantities and Calculate varied quantities and 
propagatepropagate
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