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Higgs @ Tevatron

pp̄ collisions at
√
s = 1.96 TeV

Higgs production Higgs decay
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– Gluon fusion

– Associated production

– bb̄ at low mH

– WW at high mH
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DØ & CDF

– pp̄ collisions at
√
s = 1.96 TeV

–
∫

Ldt > 10 fb−1 recorded / experiment
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Higgs @ Tevatron Search History

– Ten years of data & analysis

– Analyses improvements:

∗ Better trigger, lepton-ID

∗ Better b-tagging

∗ Multiple topologies

∗ Multiple Higgs signatures

∗ MVA techniques

– Validation of techniques with

expected signals

CDF Sensitivity vs Time
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Higgs at Low Mass: WH/ZH, H → bb̄

W/Z

q̄

q

W/Z

H

– W → ℓν: one lepton+ /ET Z → ℓℓ: two leptons

Z → νν: /ET

– H → bb̄: at least two jets, at least one b-tag

– Background sources:

∗ W/Z with additional jets (including Wbb̄, Zbb̄)

∗ t̄t, single top

∗ Di-boson (WW, WZ, ZZ)

∗ Multi-jet production with mis-ID of lepton / /ET
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ZH → ννbb̄ (CDF)

σ × Br(pp̄ → ZH → ννbb̄) ≃ σ × Br(pp̄ → WH → e/µνbb̄)

– Include WH → ℓνbb̄

– Two or three jets, include τh

– Three b-tag categories

– HOBIT† b-tagging →
14% better sensitivity

– MVA techniques

† Higgs Optimized b Identification Tagger

NIMA 697 (2013) 64
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H

 (mSIGNN
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

1T
 e

ve
nt

s 
/ 0

.0
4

0

200

400

600

800

1000

1200
Data QCD Multijet Top

V + HF EWK Mistags VV
10)×VH (

0.8 0.85 0.9 0.95 1

1

10

210

)2 = 125 GeV/c
H

 (mSIGNN
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

T
T

 e
ve

nt
s 

/ 0
.0

4

0

10

20

30

40

50

60

70

0.8 0.85 0.9 0.95 1

1

10

M.P. Sanders 7 LMU München



ZH → ννbb̄ (CDF,DØ)

CDF,
∫

Ldt = 9.5 fb−1 DØ,
∫

Ldt = 9.5 fb−1
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WH → ℓνbb̄ (CDF)

– Include “isolated track” as lepton candidate

– HOBIT b-tagging:

∗ Two jets: TT, TL, T, LL, L tags

∗ Three jets: TT, TL tags

– MVA techniques
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WH → ℓνbb̄ (CDF,DØ)

DØ,
∫

Ldt = 9.7 fb−1 CDF
∫

Ldt = 9.5 fb−1
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WZ/ZZ with Z → bb̄ (CDF,DØ)

– Analyses identical to WH/ZH with H → bb̄

– Train MVA for Z → bb̄

– σ(WZ/ZZ) · Br(Z → bb̄) ≃ 5.5× σ(WH/ZH) · Br(H → bb̄)

CDF,
∫

Ldt = 9.5 fb−1 DØ,
∫

Ldt ≤ 9.7 fb−1
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WZ/ZZ with Z → bb̄ (CDF,DØ)

– Analyses identical to WH/ZH with H → bb̄

– Train MVA for Z → bb̄

– σ(WZ/ZZ) · Br(Z → bb̄) ≃ 5.5× σ(WH/ZH) · Br(H → bb̄)

CDF & DØ,
∫

Ldt < 10 fb−1
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H → WW (DØ)

– H → WW → ℓνℓν

– Background sources:

∗ Di-boson (WW, WZ, ZZ)

∗ t̄t, DY di-lepton production

∗ W + mis-identified jet/γ

– Inclusive triggering

– No /ET cut / Z veto →
anti-DY BDT (ee,µµ)

– WW enriched / depleted samples

– BDT for final signal identification
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H → WW (DØ)

σ(pp̄ → WW) measurement H→WW search
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Higgs at Low Mass: Summary

For mH = 125 GeV

DØ CDF
∫

Ldt limit (exp.)
∫

Ldt limit (exp.)

WH → ℓνbb̄ 9.7 4.8 (4.7) 9.5 4.9 (2.8)

ZH → ℓℓbb̄ 9.7 7.1 (5.1) 9.5 7.1 (3.9)

ZH → ννbb̄ 9.5 4.3 (3.9) 9.5 3.1 (3.3)

H → WW † 9.7 4.1 (3.4) 9.7 3.0 (3.1)

H → ττ 9.7 12.8 (10.4) 6.0 14.6 (15.3)

H → γγ 9.6 12.8 (8.7) 10.0 17.0 (9.9)

⇒ Combine search channels

†CDF / DØ not same final states
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Tevatron Higgs Combination

H → bb̄, H → WW, H → ZZ, H → ττ , H → γγ

More than 100 analysis channels

Data, background subtracted Likelihood ratio
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Tevatron Higgs Combination
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Tevatron Higgs Combination

Higgs cross-section measurement
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Higgs @ Tevatron Search History

4/2008
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Higgs Couplings

– Production & decay: mixture of Hff, HWW, HZZ couplings

⇒ Probe scale factors κf, κW, κZ (κV)

– E.g. Γ(H → γγ) = Γ(H → γγ)SM × |1.28 κV − 0.28κf|2
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⇒ Consistent with SM Higgs
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Conclusion

– Higgs-like excess observed around mH = 125 GeV, 3.1σ

– Driven by H → bb̄ and H → WW

– Consistent with SM Higgs

– Complementary to LHC results

– More details:

∗ DØ combination: arXiv:1303.0823 (PRD)

∗ CDF combination: arXiv:1301.6668 (PRD)

∗ Tevatron combination: arXiv:1303.6346 (PRD)

∗ Tevatron Higgs group: http://tevnphwg.fnal.gov
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Tevatron Higgs Combination
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Higgs Combination (DØ)
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Higgs Combination (DØ)
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Higgs Combination (CDF)
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Higgs Combination (CDF)
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Higgs Cross-section (CDF,DØ)

DØ CDF
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b-Tagging
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