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Other High Mass  Final States
All hadronic final state has too poor a 
signal to background ratio. Requiring a 
lepton, be it charged or neutral, improves the 
sensitivity 

To increase acceptance include 

I) Semileptonic decay lνqq’ 

II) Hadronic τ decay channels lντhν 
(+additional jets)

III) Trilepton final states 
( WH→WWW→lνlνlν ) 
( ZH→ZWW→lllνqq ) 

IV) Four-lepton final states 
( ZH→ZWW→lllνlν )  
( H→ZZ→llll )  

WW Decay Phase Space
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Most sensitive H→WW→lνlν 
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Data for Analyses Presented Here
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• Signal from H→WW 
→lνqq : BF~30%. 

• High PT lepton, missing ET,  
at least 2 jets

• On average S/B ~ 1/1000

• RF - Random Forest of 
Decision Trees

Semileptonic (lν)(qq’) @ 5.4 fb-1
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First search of its type!
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• hep-ex arXiv:1101.6079 :  Submitted to Physical Review Letters

• Best Observed (Expected) at mH=160 GeV/c2 of 3.9 (5.0) x σSM

(lν)(qq) @ 5.4 fb-1 Limits
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(lν)(τhadν) + 0, 1 jets@7.3 fb-1

• Signal from H→WW →lντhadν : 
BF~5%

• Tau NN based ID: Separate 1-prong 
with/out π0 and 3-prong (3 Tau 
types)

• 55% sig. eff. with ~2% fake rate

• Use Neural Network output to extract a 
signal
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(lν)(τhadν) + 0, 1 jets@7.3 fb-1 Limits

• Best Observed (Expected) at mH=165 GeV/c2 of 6.6 (7.8) x σSM
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Conference Note D0 Note 6179-CONF

mailto:jets@7.3
mailto:jets@7.3
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/HIGGS/H100/H100.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/HIGGS/H100/H100.pdf
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(lν)(τhadν) @ 8.2 fb-1

• Signal from H→WW →lντν : BR ~5%     
ggH, VH, VBF

• Improved Tau and Muon Acceptance (+30%)

• BDTs for signal extraction: Use τ ID and 
event kinematic variables

• S/B~1/500
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Electron Muon

Updated!
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(lν)(τhadν)  Limits

• Best Observed (Expected) at mH= 165 GeV/c2 of 17(13) x σSM
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Combined electron and muon channels
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Trileptons @ 8.2 fb-1

• Signal from WH→WWW and  
ZH→ZWW

• Main background is WZ production

• Improved electron acceptance 

• Split analysis into 3: same flavour, 
opposite sign (SFOS) within 10 GeV 
of Z mass (Z)

(A) SFOS-Z, ET,miss>10 GeV,  1 jet

(B) SFOS-Z, ET,miss>10 GeV, ≥ 2 jet 
(Higgs mass reconstruction)

(C) Non SFOS-Z, ET,miss>20 GeV, 
dominated by WH→WWW

(A)                   (B)                  (C)

C) Non SFOS-Z
Higgs Expected = 1.09 ± 0.15
Background = 17.4 ± 1.9
* Data = 15
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Updated!

mailto:Trileptons@8.2
mailto:Trileptons@8.2
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Trileptons @ 8.2 fb-1

• Best Observed (Expected) at 
mH= 160 GeV/c2 of 5.5 (5.8) x 
σSM in the (C) channel

(A)SFOS-Z, 1 jet (B) SFOS-Z, ≥ 2 jet

(C) Non SFOS-Z
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WH→WWW→lνlνlν

ZH→ZWW→lllν(l’ν/qq’)

ZH→ZWW→lllνqq

mailto:Trileptons@8.2
mailto:Trileptons@8.2
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Four-leptons @ 8.2 fb-1

• 4e, 4μ, 2e2μ Final states 
Exactly 4 leptons

• Trigger lepton                     
E(P)T>20 GeV

• Other 3 E(P)T>10 GeV

• min separation ΔR ≥ 0.1            

• Loose mass cuts :              
20 ≤ Mll/(GeV/c2) ≤ 140
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ZZ                 8.83±1.12 
Z(γ)+jets      0.30±0.10
mH(150)         0.33±0.03 
mH(190)         0.48±0.04 
Data                 8

NEw!

mailto:Trileptons@8.2
mailto:Trileptons@8.2
mailto:Trileptons@8.2
mailto:Trileptons@8.2
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• First inclusive SM H→4l search 

• ZH→ZWW→4l improves limit even though 4l mass not optimal

• Comparable sensitivity at intermediate mass (140-155 GeV) as at high mass 
(185-220 GeV). Not just a very high mass channel!
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Four-leptons @ 8.2 fb-1 Limits

• Observed (Expected) at mH= 150 
GeV/c2 of  15.5 (12.8) x σSM

• Observed (Expected) at mH= 200 
GeV/c2 of  9.3 (12.9) x σSM

mailto:Trileptons@8.2
mailto:Trileptons@8.2
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Summary
Modes Experiment Higgs Mass (Gev/c2)Higgs Mass (Gev/c2)Higgs Mass (Gev/c2)Higgs Mass (Gev/c2)

/Lum Best Expected and Observed Limits ( x σSM)Best Expected and Observed Limits ( x σSM)Best Expected and Observed Limits ( x σSM)Best Expected and Observed Limits ( x σSM)

(fb-1) Mass Expected Mass Observed

(lν)(qq) D0/5.4 160 5.0 160 3.9

lτhad + 0, 1 j D0/7.3 165 7.8 165 6.6

lτhad CDF/8.2 165 13.0 165 17.5

Trileptons A CDF/8.2 155 25.7 160 28.0

Trileptons B CDF/8.2 165 7.5 165 6.4

Trileptons C CDF/8.2 165 5.5 160 5.8

Four-leptons CDF/8.2 190 11.1 200 9.3

• http://www-cdf.fnal.gov/physics/new/hdg/Results.html  

• http://www-d0.fnal.gov/Run2Physics/WWW/results/higgs.htm

• PARALLEL“CDF” and “D0” combination talks tomorrow morning. 
PLENARY “TeVatron combination” next Wednesday 

http://www-cdf.fnal.gov/physics/new/hdg/Results.html
http://www-cdf.fnal.gov/physics/new/hdg/Results.html
http://www-d0.fnal.gov/Run2Physics/WWW/results/higgs.htm
http://www-d0.fnal.gov/Run2Physics/WWW/results/higgs.htm
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Supplementary Material
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Higgs Search
Where it’s not!

Search at LEP via Higgs-
strahlung 

MH ≥ 114 GeV/c2 @ 95% C.L.

Constraints from loop corrections 
calculated with Electroweak 
precision data of LEP+TeVatron

MH ≤ 185 GeV/c2 @ 95% C.L.
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Higgs Production and Decay
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Backgrounds

Multi-jet QCD (MJ)

Diboson WW, WZ, ZZ 

Drell-Yan

Top-pair

W/Z + jets / γ

Use (N)NLO precision for 
normalising cross sections
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Analysis Strategies
• Aim : Maximise significance  

•  Method: Use Multivariate Analysis techniques 

• Artificial Neural Networks (ANN)  

• “Forest of Random Trees” (RF) 

• Boosted Decision Trees (BDT)

•  Typically using about 10 to 30 kinematic variables

• Object level : pT, mass, ΔR, Δη, Δφ

• Event level : missing ET (significance), HT, VT

• Require agreement between MC and data

• Separate signal according jet multiplicity and lepton 
flavor

• Kinematic control regions to check background models

19

ANN

BDT
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TeVatron
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CDF 
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D0 
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• Upper limits derived using the modified frequentist CLS approach

• Systematics

• Calibration of jet energies 0.7-6%

• jet resolution 0.5-3%

• jet reconstruction efficiency 0.5-4%

• lepton ID and trigger modelling 4%

• Multi-jet background 6.5-26%

• Luminosity 6.1%
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Semileptonic (lν)(qq’) 
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(lν)(τhadν) + 0, 1 jets
• Upper limits derived using the modified frequentist CLS 

approach

• Systematics

• Muon ID efficiency 2.3%

• Trigger efficiency 5%

• Tau ID 1/2/3 : 10/4/5%

• Z/ttbar/DB cross-section 4/10/7%

• DB pT modelling 1%

• ggH modelling 3%

• W+jets background 10-15%

• Neural Network shape

• Tau Energy Scale 1%

• Jet Energy Scale/Resolution/ID  1-9%/3-9%/1-7%

• MJ background estimation 20-50%
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(lν)(τhadν) + 2 jets
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(lν)(τhadν) @ 8.2 fb-1
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Trileptons  A @ 8.2 fb-1

mailto:Trileptons@8.2
mailto:Trileptons@8.2
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Trileptons  B @ 8.2 fb-1

mailto:Trileptons@8.2
mailto:Trileptons@8.2
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Trileptons  C @ 8.2 fb-1

mailto:Trileptons@8.2
mailto:Trileptons@8.2
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Four-leptons @ 8.2 fb-1

mailto:Trileptons@8.2
mailto:Trileptons@8.2
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eτ μτ

(lν)(τhadν)  Limits
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• Signal from both H→WW and H→ττ 

• Train Boosted Decision Trees (BDT)

• Low ττ : GGF

• Intermediate ττ, WW : GGF, VH

• High WW : GGF, VH, VBF

• Form a combined BDT

• Muon channel: B=405, Data=414

• Electron channel: B=198, Data=188 

(lν)(τhadν) + 2 or more jets @ 4.3 fb-1

μτ

eτ 0.335 Higgs

mH=160 GeV/c2

1.355 Higgs
μτ

eτ
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mH=160 GeV/c2
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• Flat sensitivity over a wide mass range

• Best Observed (Expected) at mH= 160 GeV/c2 of 11(12) x σSM
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Conference Note D0 Note 6171-CONF

(lν)(τhadν) + 2 or more jets Limits

http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/HIGGS/H101/H101.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/HIGGS/H101/H101.pdf

