
Search for the Standard Model Higgs 
boson in H→WW→lνqq −

5.1 fb−1 top-up approval, July 3, 2012

lnujj analysis team

Using 8 TeV 2012 data, and combined result of 7+8 TeV
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Data & MC samples and trigger

Certified “golden” JSON 
(5.1 fb−1) used

HLT_IsoMu24_v*,

                            

                            

ICHEP cutoff

ICHEP cutoff

11 signal mass points at 8 TeV: 180, 190, 200, 250, 300, 350, 
400, 450, 500, 550, 600 GeV. Same granularity as last year, 
and same granularity as other high mass analyses. 
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muon

jet1

jet2

ETmiss

✦ One isolated, high-pT lepton

• pT > 35 (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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Data/MC comparison @pre-sel level: mjj , mlvjj

muon electron

muon electron
Disagreement seen 
here is understood. 
The LO MadGraph 
simulation doesn’t get 
the mlvjj spectrum 
right. Hence, we use 
data-driven technique 
for W+jets shape.

PAS

PAS twiki

twiki

Corrected MC error 
calculation that takes 
into account the pileup 
reweighting efficiency 
(~30%)
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Comparison plots: jets 

twiki

twiki

twiki

twiki

muon data
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Comparison plots: leptons

twiki
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Likelihood input variables (I)

Reasonable modeling of kinematics in simulation.

muon data

PAS
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Likelihood input variables (II)

Reasonable modeling of kinematics 
in simulation.

muon data

PAS
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Agreement at the same level as in last year’s data.

Likelihood input variables (III)

PAS PAS
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Example of likelihood output

top control 
sample
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Plots requested by ARC (Vitaliano)

Show signal shape in the MVA distribution

Should we replace bottom two plots in the PAS Fig 2 by these ?
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The background composition

• We exclude the region 
from 65 – 95 GeV from the 
fit.

• Good agreement between 
the fitted composition and 
data.

• The normalizations are 
extrapolated into the signal 
region and passed to the next 
stage, i.e., 4-body analysis.

mH = 300 GeV

PAS
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Additional mjj examples

mH = 200 GeV mH = 500 GeV

PAS PAS



Kalanand Mishra, Fermilab  / 2014

✦ The fit to the mjj spectrum determines the relative 
normalization of the backgrounds. 

✦ Then we plot the mWW spectrum. 
✦ 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 slide).

Analysis of mWW distribution
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W+jets shape: from data sidebands

• The W+jets shape obtained from data sidebands is smoothed using an 
exponential function.
-Statistical uncertainty of the smoothing is combined with the 
uncertainty due to α and used as a systematic error.
-The dotted lines are the total shape systematic envelope.

PAS

PAS
PAS

muon, 2-jet
mH = 200 GeV

muon, 2-jet
mH = 300 GeV

muon, 2-jet
mH = 500 GeV
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The mWW spectrum

mH = 
200 GeV

mH = 
300 GeV

mH = 
500 GeV

PAS PAS PAS

Difference is covered by systematic uncertainty in W+jets shape. 
See previous slide.



Kalanand Mishra, Fermilab  / 2017

Source uncertainty

Higgs line shape 0 – 30%

Signal cross-section 15 – 20%

Signal efficiency x 
acceptance

10%

Luminosity 4.4%

Jet energy scale, 
resolution and MET

< 1%

Theory (PDFs) 1 – 2%

Lepton trigger efficiency 1%

Lepton selection efficiency 2%

✦ Since background is ~100x 
signal, the background 
systematics is dominant. 

✦ Signal efficiency x acceptance 
syst. is evaluated, using a pure 
ttbar control sample, as the 
difference between data and MC.

Systematic uncertainties

Background systematics

already described previously

Added jet veto uncertainty which 
is in the range 4−28% (depending 
on mH and nJets)
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The 8 TeV limit

✦ About 30% improvement over 2011 sensitivity
•higher Higgs xsection at 8 TeV, improved trigger

PAS
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Combination of 7 TeV and 8 TeV results

PAS
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Summary

• We have topped-up the H→WW→ℓνjj analysis 
using 5.1 fb−1 data available for ICHEP

- In 8 TeV data, we exclude the Standard Model 
Higgs boson in the mass range 260 – 460 GeV 
at 95% confidence level.

- Combining 7 TeV and 8 TeV results, we 
exclude Higgs boson in the mass range         
230 – 480 GeV at 95% confidence level.
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Likelihood input variables

•Higgs boson decay kinematics is fully described 
by → {mWW, mjj, θ1, θ2, θ*, ϕ, ϕ1}

- mWW is the variable we use to           
extract limit, so it is not included

- mjj used to estimate background       
normalization, so it is not included

•the five angular variables are included

•Lepton charge is a good variable since signal is 
charge-symmetric, while W+jets is not

{θ1, θ2, θ*, ϕ, ϕ1, (pT)WW, yWW, lepton charge}
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Fitting and limit setting

• The analysis has two major parts
- Fit to the mjj spectrum to determine the backgrounds

- limit setting from mWW spectrum
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2012 physics objects
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Jet and MET



Kalanand Mishra, Fermilab  / 2026

Muon
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Loose muon for veto and jet cleaning 



Kalanand Mishra, Fermilab  / 2028

Electrons
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Loose electron for veto and jet cleaning 
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Efficiency corrections

                            

Apply similar scale factor for lepton reconstruction and ID efficiencies.



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



Trigger effect on key distributions



MVA correlations



Likelihood selection efficiency
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S/B comparison between muon and electron
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Comparison of MVA output for tt and Higgs
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• The uncertainty on JES is evaluated from a fit to a had. W mass in a top-enriched 
sample (same approach of EWK-11-017 and SMP-12-015)

• no impact on the Higgs mass 
is observed

• overall effect is negligible

JES/JER
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Comparison plots: jets (electron data)
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Comparison plots: leptons

muon

muontwiki twiki

electron
electron electron

twiki muon
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Use optimized selection to improve sensitivity

• To improve the limit on SM Higgs cross-section and 
reduce the systematics on background evaluation:
✓ drastically reduce the number of background events
✓ preserve a reasonable efficiency on the signal

• Use event kinematics to build a simple likelihood 
discriminator:

- a different likelihood is built for each operating point
• 11 mass points × 2 flavors (e/μ) × 2 jet bins (2j/3j) = 

44 different likelihoods

• Mostly sensitive at high mass, but have extended the 
analysis down to mH = 180 GeV
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QCD data driven

•To get the QCD shape from data: define a ~ pure 
QCD sample applying all standard cuts but
- invert isolation cut: Icomb/pT > 0.3
- for electrons, remove ID requirement
- relax ETmiss cut from >30 to >20 GeV

•Take the signal W shape from MC

•To get the QCD fraction in data
- fit the leptonic W MT distribution in data with the   

above described shapes
- account for different acceptances between ETmiss > 

20 and ETmiss > 30 GeV



Kalanand Mishra, Fermilab  / 2042

QCD syst. 
uncertainties

 50%               50%
100%             100% 

QCD fraction estimates

statistical fit errors only!

Uncertainty on QCD 
normalization

QCD fractions in data
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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 

Normalization from mjj fit

excluded 
from fit

muon, 2-jet, mH = 500 GeV
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W+jets: the dominant background

• For mH ≤ 180 GeV, use MC shape template, because statistics are 
plentiful.

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

• The analytic shapes are chosen based on MC but the functional 
parameters are allowed to vary within constraints in the mjj fit to 
the data.
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W+jets shape for mWW: data driven
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Limit using 1.6 fb−1 8 TeV data
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Signal injection test

1 x H(400) injection

2 x H(400) injection

5 x H(400) injection

Inject Higgs signal and study its 
effect on observed limit (the 
expected limit doesn’t change 
because background estimation 
comes from sideband data)
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Signal injection test: significance

If there was a signal we would have found it !


