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Outline

Today updated 
to 3.5 /fb

https://twiki.cern.ch/twiki/bin/viewauth/CMS/HIG-12-021-ARC
Review Q &A twiki:
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✦ H→WW→ℓνjj does a lot of 
heavy lifting.
• largest BR × σ over most 

of the mass range.
• Using a W mass 

constraint, the decay is 
sufficiently reconstructed 
to produce a mass peak.

✦ Principal drawback is the 
large W+jet background
• We employ data-driven 

techniques to understand 
and control this process.

Analysis overview
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muon

jet1
jet2

ETmiss

✦ One isolated, high-pT lepton

• pT > 30 (25) GeV for electrons (muons)
✦ High ET

miss from 1 neutrino

• ET
miss > 30 (25) GeV for electrons 

(muons)
• mT(lepton+ET

miss) > 30 GeV
✦ Two high pT jets with mjj ~ 80 GeV

• Anti-Kt 0.5 particle flow jets
• pT > 30 GeV, |η| < 2.4
• ΔR(jet-lepton) > 0.3
• Nextra-jets = 0,1

✦ WW inv. mass ➔ reconstruct Higgs signal
• neutrino pZ from mW constraint

• We do a kinematic fit on lepton,ET
miss, 

hadronic W to improve Higgs mass 
resolution and to remove the correlation 
between mWW from mjj.

mH = 190 GeV

Event (pre-) selection
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Technical details
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2012 physics objects
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Data and MC samples: Summer11/ CMSSW 5.2.X

Now processed 3.5 fb−1 using JSON file of June 12. Will use for unblinding.

Data

MC

So far generated 7 signal mass points at 8 TeV: 180, 200, 300, 400, 450, 500, 600 GeV 
Enough to plot limit curve with good granularity. Will have all mass points next week. 
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Signal cross section x BR from “Yellow Report”

pb pb
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Trigger requirements

HLT_IsoMu24_v*,

                            

                            

June 12 cutoff

June 12 cutoff
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Efficiency corrections

                            

Apply similar scale factor for lepton reconstruction and ID efficiencies.
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Data/MC comparison at pre-selection level
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Comparison plots: leptons

muon muon muon

electron electron electron
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Comparison plots: jets (muon data)
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Comparison plots: jets (electron data)
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Comparison plots: mjj , mlvjj

muon electron

muon electron The disagreement 
seen here is 
understood. Basically, 
the LO MadGraph 
simulation doesn’t get 
the mlvjj spectrum 
right. Hence, we use 
data-driven technique 
for W+jets shape.
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First limit extraction: fit to mWW spectrum
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Rationale and methodology
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Signal shape

MC
MC
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Background modeling
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Systematic uncertainties
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Background model systematics
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Limits on SM Higgs x-section: 3.5 fb−1
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Advanced limit extraction: MVA (LH) approach
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Use optimized selection to improve sensitivity
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Likelihood input variables
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Data/MC comparison for inputs (angular vars)

Reasonable modeling of 
kinematics in simulation.

muon data
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Data/MC comparison for inputs (other 3 vars)

Agreement at the same level as in last year’s data.
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Example of likelihood output

top control 
sample
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Signal extraction technique
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QCD data driven
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✦ Determine backgrnd composition in 
a 1D, unbinned, max likelihood fit to 
the di-jet invariant mass spectrum.

✦ Background shapes are taken from:
•MC for all minor backgrounds (not 
for W+jets and QCD)

•data-driven approach for QCD 
•analytic description/ MC for W+jets 

Relative normalization from fit to mjj 

excluded 
from fit

muon, 2-jet, mH = 500 GeV
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✦ The fit to the mjj spectrum determines the relative 
normalization of the backgrounds. 

✦ The background components are stacked up and 
compared with the data with the additional selection (65 
< mjj < 95) GeV.

✦ Shapes of the minor backgrounds are taken from MC.
• Again, QCD is taken from the data-driven sample.
• The W+jets shape is constructed from the mjj 

sidebands (see next two slides).

Limit setting with the mWW spectrum
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W+jets shape (1/2)
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W+jets shape (2/2)
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The mWW spectrum

Mass peak makes it straightforward to interpret any observed excess in data. 

mH = 
190 GeV

mH = 
350 GeV

mH = 
500 GeV



Kalanand Mishra, Fermilab  / 4136

Source uncertainty

Higgs line shape 0 – 30%

Signal cross-section 15 – 20%

Signal efficiency x 
acceptance

10%

Luminosity 5%

Jet energy scale, 
resolution and MET

< 1%

Theory (PDFs) 1 – 2%

Lepton trigger efficiency 1%

Lepton selection efficiency 1 – 2%

Pile-up < 1%

✦ Efficiency x acceptance syst. is 
evaluated, using a pure top 
sample, as the difference 
between data and MC.

Systematic uncertainties

Background systematics
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Limit using 1.6 fb−1 8 TeV data
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Projection to 5 fb−1

✦ About 10−20% 
improvement over 
2011 sensitivity

•higher Higgs 
xsection at 8 TeV
•improved trigger
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Combination of 7 TeV and 8 TeV results
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Summary
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Unblinding procedure
Open the box in the signal window (i.e., remove the cover) 
and derive observed limits

Remake this plot 
after applying mjj 
cut. Then set limit.

Fit-based analysis MVA-based analysis
Plot the data points 
from the blackened 
signal region. Then 
set limit.
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backup slides



MVA cut optimization
• We select the MVA cut 

value based on running 
the full asymptotic limit 
setting machinery and 
using the expected limit.

• Once the optimal cut is 
selected for each of the 
48 analysis points they 
can be combined using 
the standard Higgs 
combination package.

muon, 2-jets, mH = 350 GeV



Data driven QCD estimation
• We derive the QCD shape 

and normalization from 
the data.
◦ invert the isolation 

requirements
◦ relax ID requirements
◦ relax the MET cut

• We can fit the MET 
distribution in data to get 
the normalization of the 
QCD contribution after 
accounting for differences 
due to the MET cut.

• The shape is also taken 
from this data as the MC 
is statistics starved.



• The shapes are inspired 
by MC but ultimately the 
parameters of the 
functions are determined 
from the fit to the data.

W+jets background
• The W+jets process is the 

dominant background.
• For mH ≤ 180 GeV, MC is 

used as the shape 
template, because 
statistics in this case are 
plentiful.

• For higher masses MC 
statistics are much lower 
so we take an analytic 
approach.



Trigger effect on key distributions



MVA correlations



Likelihood selection efficiency


