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Introduction

• Tevatron is closing in on SM Higgs boson

• Extract as much as possible out of dataset

• Cover as many possible production and decay channels as possible (see 
P. Totaro and K. Petridis talks)

• Use multi-variate analysis methods

• Combine these channels 

• Double dataset by combining CDF and D0 

• Combination covers mH=100 GeV/c2 to 200 GeV/c2

• “Low mass”: all channels, mH < 150 GeV/c2

• Last updated summer 2010

• “High mass”: primarily H→WW, mH>130 GeV/c2

• New for this conference
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TABLE II: Luminosity, explored mass range and references for the different processes and final states (! = e, µ) for the CDF
analyses. The labels “2×” and “4×” refer to separation into different lepton categories.

Channel Luminosity (fb−1) mH range (GeV/c2) Reference
WH → !νbb̄ 2-jet channels 4×(TDT,LDT,ST,LDTX) 5.7 100-150 [5]
WH → !νbb̄ 3-jet channels 2×(TDT,LDT,ST) 5.6 100-150 [6]
ZH → νν̄bb̄ (TDT,LDT,ST) 5.7 100-150 [7]
ZH → !+!−bb̄ 4×(TDT,LDT,ST) 5.7 100-150 [8, 9]
H → W+W− 2×(0,1 jets)+(2+ jets)+(low-m!!)+(e-τhad)+(µ-τhad) 5.9 110-200 [10]
WH → WW+W− (same-sign leptons 1+ jets)+(tri-leptons) 5.9 110-200 [10]
ZH → ZW+W− (tri-leptons 1 jet)+(tri-leptons 2+ jets) 5.9 110-200 [10]
H + X → τ+τ− (1 jet)+(2 jets) 2.3 100-150 [11]
WH + ZH → jjbb̄ 2×(TDT,LDT) 4.0 100-150 [12]
H → γγ 5.4 100-150 [13]

TABLE III: Luminosity, explored mass range and references for the different processes and final states (! = e, µ) for the D0
analyses. Most analyses are in addition analyzed separately for RunIIa and IIb. In some cases, not every sub-channel uses the
same dataset, and a range of integrated luminosities is given.

Channel Luminosity (fb−1) mH range (GeV/c2) Reference
WH → !νbb̄ (ST,DT,2,3 jet) 5.3 100-150 [14]
V H → τ+τ−bb̄/qq̄τ+τ− 4.9 105-145 [15, 16]
ZH → νν̄bb̄ (ST,TLDT) 5.2-6.4 100-150 [17, 18]
ZH → !+!−bb̄ (ST,DT,ee,µµ,eeICR,µµtrk) 4.2-6.2 100-150 [19]
V H → !±!± +X 5.3 115-200 [20]
H → W+W− → e±νe∓ν, µ±νµ∓ν 5.4 115-200 [21]
H → W+W− → e±νµ∓ν (0,1,2+ jet) 6.7 115-200 [22]
H → W+W− → !ν̄jj 5.4 130-200 [23]
H → γγ 4.2 100-150 [24]
tt̄H → tt̄bb̄ (ST,DT,TT,4,5+ jets) 2.1 105-155 [25]

L(R,!s,!b|!n, !θ)× π(!θ) =
NC∏

i=1

Nb∏

j=1

µ
nij

ij e−µij/nij !×
nnp∏

k=1

e−θ2
k/2 (1)

where the first product is over the number of channels (NC), and the second product is over Nb histogram bins
containing nij events, binned in ranges of the final discriminants used for individual analyses, such as the dijet mass,
neural-network outputs, or matrix-element likelihoods. The parameters that contribute to the expected bin contents
are µij = R × sij(!θ) + bij(!θ) for the channel i and the histogram bin j, where sij and bij represent the expected
background and signal in the bin, and R is a scaling factor applied to the signal to test the sensitivity level of the
experiment. Truncated Gaussian priors are used for each of the nuisance parameters θk, which define the sensitivity of
the predicted signal and background estimates to systematic uncertainties. These can take the form of uncertainties
on overall rates, as well as the shapes of the distributions used for combination. These systematic uncertainties can
be far larger than the expected SM Higgs boson signal, and are therefore important in the calculation of limits. The
truncation is applied so that no prediction of any signal or background in any bin is negative. The posterior density
function is then integrated over all parameters (including correlations) except for R, and a 95% credibility level upper
limit on R is estimated by calculating the value of R that corresponds to 95% of the area of the resulting distribution.
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Channels considered: Summer 2010
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CDF
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56 mutually exclusive final states

73 mutually exclusive final states
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production contributions where leptons result from the associated W boson and the two W bosons produced in the52

Higgs decay or where an associated Z boson decays into a dilepton pair and a third lepton is produced in the decay53

of either of the W bosons resulting from the Higgs decay. In the latter case, CDF separates the sample into 1 jet and54

2+ jet sub-channels to fully take advantage of the Higgs mass constraint available in the 2+ jet case where all of the55

decay products are reconstructed.56

CDF also includes opposite-sign channels in which one of the two lepton candidates is a hadronic tau. Events57

are separated into e-τ and µ-τ channels. The final discriminants are obtained from boosted decision trees which58

incorporate both hadronic tau identification and kinematic event variables as inputs.59

D0 includes channels in which one of the W bosons in the H → W +W− process decays leptonically and the other60

decays hadronically. Electron and muon final states are studied separately, each with 5.4 fb−1 of data. Random61

forests are used for the final discriminants.62

D0 has updated its search for Higgs boson production in which the Higgs decays into a pair of photons to include63

8.2 fb−1 of data and to use a boosted decision tree as the final discriminant.64

The D0 analysis of the τ+τ− + 2 jets final state has also been updated to include additional data and both muonic65

and electronic tau decays. A neural network output is used as the discriminant variable for RunIIa (the first 1.0 fb−1
66

of data), while a boosted decision tree output is used for later data (RunIIb).67

For both CDF and D0, events from QCD multijet (instrumental) backgrounds are measured in independent data68

samples using several different methods. For CDF, backgrounds from SM processes with electroweak gauge bosons or69

top quarks were generated using PYTHIA [13], ALPGEN [14], MC@NLO [15], and HERWIG [16] programs. For70

D0, these backgrounds were generated using PYTHIA, ALPGEN, and COMPHEP [17], with PYTHIA providing71

parton-showering and hadronization for all the generators. These background processes were normalized using either72

experimental data or next-to-leading order calculations (including MCFM [18] for the W+ heavy flavor process).73

Tables I and II summarize, for CDF and D0 respectively, the integrated luminosities, the Higgs boson mass ranges74

over which the searches are performed, and references to further details for each analysis.75

TABLE I: Luminosity, explored mass range and references for the different processes and final states (! = e, µ) for the CDF
analyses.

Channel Luminosity (fb−1) mH range (GeV/c2) Reference
H → W +W− 2×(0,1 jets)+(2+ jets)+(low-m!!)+(e-τhad)+(µ-τhad) 7.1 110-200 [1]
WH → WW +W− (same-sign leptons 1+ jets)+(tri-leptons) 7.1 110-200 [1]
ZH → ZW +W− (tri-leptons 1 jet)+(tri-leptons 2+ jets) 7.1 110-200 [1]

TABLE II: Luminosity, explored mass range and references for the different processes and final states (! = e, µ) for the D0
analyses. Most analyses are in addition analyzed separately for RunIIa and IIb.

Channel Luminosity (fb−1) mH range (GeV/c2) Reference
H → W +W− → l±νl∓ν (0,1,2+ jet) 8.1 115-200 [5]
H → W +W− → µντhadν 7.3 115-200 [6]
H → W +W− → !ν̄jj 5.4 115-200 [7]
V H → !±!± + X 5.3 115-200 [8]
V H → τ+τ−bb̄/qq̄τ+τ− 5.3 105-200 [9, 10]
H → γγ 8.2 100-150 [11]
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Channels considered: New (high mass)

4

CDF

D0

12 mutually exclusive final states

35 mutually exclusive final states



Moriond EWK, 3/14/11 Bo Jayatilaka

Combining

• Perform combination using two techniques

• Require agreement within 5% at each mH and 2% on average

• Both methods

• Use distribution of final discriminants 

• Poisson statistics in all bins

• Systematics as nuisance parameters (133 in all!), determined from fit to 
data

• Method 1: Bayesian method

• Based on credibility, using flat prior

• Method 2: Modified frequentist method

• Uses CLs method- compare b only and s+b hypotheses

• Based on coverage
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Systematics

• Systematics on signal and background estimates in two categories

• Rate: affects overall normalization (e.g. tag uncertainty)

• Shape: affects distribution  (e.g. jet energy scale)

• Correlated between CDF and D0

• Integrated luminosity (4% correlated, ~6% total)

• Theoretical cross sections for signal and background (5-20%)

• Correlated amongst analyses of a single experiment

• b-quark tagging efficiency uncertainty 

• Lepton selection efficiency 

• Jet energy scale

• QCD ISR/FSR

• Jet/missing ET modeling

• Background modeling
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Cooperation, not competition

• Prior Run 2 CDF+D0 
combinations (e.g. mtop) 
performed after analyses 
complete and approved 
separately

• Higgs combinations approved in 
parallel with analyses

• Inputs shared when still 
“confidential”! 

• We hope this spirit continues in 
the LHC era 

7

Combination of Tevatron Searches for the Standard Model Higgs Boson
in theWþW" Decay Mode

T. Aaltonen,15,* V.M. Abazov,60,† B. Abbott,128,† M. Abolins,113,† B. S. Acharya,35,† M. Adams,91,† T. Adams,87,†

J. Adelman,90,* E. Aguilo,7,† G.D. Alexeev,60,† G. Alkhazov,64,† A. Alton,111,†,gg B. Álvarez González,68,*,y
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Low mass result

• Upper limit for mH=115 GeV/c2 of 1.56×σSM @95% CL

• Tevatron-only exclusion at 95% CL of 100 < mH < 109 GeV/c2
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Background subtracted data

• Subtract background model that has been fit to data

• Independent of any assumed Higgs cross section

• No excess above background observed

• Proceed to set a limit
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Data distributions

• Rebin histograms of final discriminants for all channels in log(S/B)
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New Tevatron Higgs Limits

• SM Higgs boson excluded at 95% CL for 158 < mH < 173 GeV

• Expected exclusion at 95% CL for 153 < mH < 179 GeV
• Compare to summer 2010 expected exclusion of 156 < mH < 173 GeV
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Another approach: CLs+b
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• Roughly comparable to Power constrained CLs+b approach used by ATLAS



10
-1

1

10

130 140 150 160 170 180 190 200

mH (GeV/c2)

Li
m

it/
SM 99.5% CL

99% CL

95% CL

90% CL

68% CL

Tevatron Run II Preliminary, L  8.2 fb-1

March 5, 2011

Moriond EWK, 3/14/11 Bo Jayatilaka

Just how excluded is it?
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• SM Higgs of 162 < mH < 166 GeV excluded @99.5% CL
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Conclusion

• Combination of all Tevatron searches has been performed

• Up to 5.9 fb-1 of data for 100 < mH < 130 GeV

• Up to 8.2 fb-1 of data for 130 < mH < 200 GeV

• Tevatron results exclude at 95% CL

• 100 < mH < 109 GeV

• 158 < mH < 173 GeV

• Expected exclusion of 153 < mH < 179 GeV

• Up from 156 < mH < 173 GeV

• Individual experiment exclusions now from both CDF and D0

• Tevatron exclusion now at 99.5% CL for some masses

• CDF and D0 strategies continue to be to leave the Higgs nowhere to hide

• End of Run 2 (this year) will leave ~10 fb-1 of data for each experiment

• As always, more analysis improvements are underway

• Plenty left to do- expect new results soon! 
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LLR from CLS method
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Data distributions: low mass
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Theoretical Issues

• Are we treating cross-section uncertainty due to scale variations (µR & µF) 
correctly?

• We obtain gluon fusion cross sections from:

• Use a scale variation factor of 2 from the central value to estimate impact of 
potential high-order contributions

• Authors confirm high-order effects are small

• Another recent publication argues for even smaller scale uncertainties

• We feel our treatment is adequate, if not conservative, and generally 
supported by the theoretical community
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Theoretical issues (II)

• Do we need additional uncertainties assigned to our gluon fusion cross 
section resulting from EFT approach used to integrate loop contributions?

• Such an uncertainty is already included:

• Uncertainties on gluon fusion cross sections used in our searches include 
~2% to account for this

• Authors find entirely removing corrections from light quark diagrams changes 
the total cross section by less than 4%

• We feel our treatment of EFT effects is sound
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