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The analysis

• Cadi/PAS
- http://cms.cern.ch/iCMS/analysisadmin/cadi?

ancode=HIG-12-021
• Hypernews

- https://hypernews.cern.ch/HyperNews/CMS/get/
HIG-12-021.html

• twiki
- https://twiki.cern.ch/twiki/bin/view/CMSPublic/

Hig12021TWiki
• Analysis note: 

     AN-2012/193
• Review Q &A

- https://twiki.cern.ch/twiki/bin/viewauth/CMS/HIG-12-021-
ARC

2011 analysis: HIG-12-003
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Outline

• Motivation: signal production and decay
• Dataset and simulation, pre-selection
• Analysis flow

• selection optimization 
• backgrounds 
• mjj fit to extract background normalizations
• data driven W+jets shape
• systematic errors
• limit 

• Combined limit using 7 TeV and 8 TeV results 
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Higgs production

gg Fusion

VBF
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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.

Higgs decay
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Data samples and trigger

Certified “golden” JSON 
(June 12, 3.5 fb−1) used

HLT_IsoMu24_v*,

                            

                            

June 12 cutoff

June 12 cutoff

•Lepton HLT efficiencies are corrected to account for data/MC 
differences by means of “Tag and Probe” with Z events
•Same technique is used to measure reconstruction/identification 
scale factors
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MC samples

8 signal mass points at 8 TeV: 180, 200, 300, 400, 450, 500, 
550, 600 GeV. Enough to plot limit curve with good granularity. 

•These signal samples have been produced by us using 
Summer12 conditions for pileup and underlying event.

•All MC samples corrected to account for different pile-up 
conditions in data

-pile-up re-weighting applied
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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

The 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
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Comparison plots: jets (muon data)

twiki

twiki

twiki

twiki
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Comparison plots: jets (electron data)
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Comparison plots: leptons

muon

muontwiki twiki
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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
• 8 mass points × 2 flavors (e/μ) × 2 jet bins (2j/3j) = 

32 different likelihoods

• Mostly sensitive at high mass, but have extended the 
analysis down to mH = 180 GeV
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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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Input variables (I)

Reasonable modeling of kinematics in simulation.

muon data
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Input variables (II)

Reasonable modeling of kinematics in simulation.

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

Input variables (III)

PAS PAS
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Example of likelihood output

top control 
sample
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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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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
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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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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

 (GeV)jjm
50 100 150 200

Ev
en

ts
 / 

G
eV

0

200

400

600

WW/WZ
W+jets
top
QCD
Z+jets
data

/dof = 21.556/102χ

TeV = 8s, -1fb dt = 3.5L∫CMS preliminary, 

mH = 200 GeV mH = 500 GeV

PAS PAS



Kalanand Mishra, Fermilab  / 3728

✦ 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 two slides).

Analysis of mWW distribution
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W+jets shape (1/2)
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W+jets shape (2/2)

• The background-subtracted, alpha-combined sideband shape from data 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

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

mH = 
200 GeV

mH = 
300 GeV

mH = 
500 GeV
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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%

✦ 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
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Combination of 7 TeV and 8 TeV results
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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 !
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Summary

• We have set a world leading limit in H→WW→ℓνjj 
decays.
- In 8 TeV data, we exclude the Standard Model Higgs boson 

in the mass range 260 – 390 GeV at 95% CL.
- Combining 7 TeV and 8 TeV results, we exclude Higgs in 

the mass range 240 – 450 GeV at 95% CL.
- We employ data driven estimates for our principal 

background.
- We have used a multivariate discriminator to control the 

backgrounds and improve sensitivity.

• Plan to top-up with additional data for ICHEP. Also, will try 
to include more Higgs mass points in limit setting.
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2012 physics objects
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Jet and MET
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Muon
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Loose muon for veto and jet cleaning 
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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



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.



Trigger effect on key distributions



MVA correlations



Likelihood selection efficiency
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Unblinding procedure
Open the box in the signal window (i.e., remove the cover) 
and derive observed limits

Plot the data points from the blackened 
signal region. Then set limit.
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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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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


