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Higgs Introduction
● Higgs Mechanism predicts the 

existence of a new particle

● Generates Fermion masses through 
interaction with Higgs field

● Breaks electroweak symmetry (W/Z 
bosons acquire mass) through degrees 
of freedom of Higgs field

● We don't know exactly what the mass 
(m

H
) of the Higgs boson is

● Direct search at LEP found excess 
around 115GeV, but not statistically 
significant

– M
H
 ≥ 114.4GeV @ 95% CL

● M
W 

and
 
M

t
 constraints and indirect 

constraints on M
H
  from global EW fits 

prefer a light Higgs boson:

– M
H
 = 87+35

 – 26
 GeV

– M
H
 < 186 GeV @ 95% CL



  

Low vs High Mass
Higgs production 
at the Tevatron:
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H → WW*H → bb

H→WW* dominant for M
H
>135GeV

Tevatron definition of “High Mass”



  

H→WW* Final States
● “Leave no stone unturned”
● Hadron collider environment 

requires that at least one W 
decays leptonically

● Most sensitive channel is lνlν
● We recently included lνqq 

l- / q

v / q'

● “All leptonic” final state (lνlν) has a 
small BR but provides a very clean 
signal: 2 high p

T
 leptons and 

missing E
T

● “Semi leptonic” final state (lνqq) 
has a large BR but much larger 
backgrounds which are more 
difficult to model



  

Tevatron High Mass Program

5.4 fb-1

5.4 fb-1

● “Divide and conquer”
● We create as many sub-channels as 

is feasible
● Allows us to tune our multivariate 

discriminants on different mixes of 
signal and background contributions



  

Tevatron High Mass Program

5.4 fb-1

5.4 fb-1

Includes contributions from
vector boson fusion (VBF) and
associated production (VH).

Di-lepton + missing E
T
 signature



  

Tevatron High Mass Program

5.4 fb-1

5.4 fb-1

Same Sign Lepton and Trilepton
channels from associated production



  

Tevatron High Mass Program

5.4 fb-1

5.4 fb-1

Hadronically decaying tau:

Semi-leptonic final state:

Tau and semi-leptonic channels



  

Di-lepton + missing E
T
 signature



  

Backgrounds
● Dominant background is from 

Drell-Yan (Z→ll) and can be 
suppressed by  cutting on 
missing E

T

● Dibosons (mainly WW): 
modeled with PYTHIA

● W/Z+jets, with jet faking a 
lepton: modeled with data at 
CDF and ALPGEN at DØ

● Wγ, with γ faking a lepton: 
BAUR at CDF, PYTHIA at DØ

● ttbar and single-top: modeled 
with PYTHIA

All cross section normalized
to NLO calculations



  

Event Selection
● 2 high p

T
 isolated leptons

● Significant amount of missing E
T

● M
ll
≥16GeV to reduce background from Wγ (CDF)

Take advantage of spin correlations:
- Di-lepton pairs from signal more aligned
- Di-lepton pairs from SM backgrounds
  more back-to-back
- Main discriminant against irreducible
  background from non-resonant W pair
  production

Signalx10



  

Signal Extraction
● Very low S/√B ratios make it impossible to perform cut-

based analyses, i.e., no counting experiment 
● Requires the use of Multivariate Analysis Techniques 

(MVA) for signal extraction:
– Matrix Element calculation (ME), Neural Network (NN) 

and Boosted Decision Trees (BDT)
– MVA optimized for each sub-channel and Higgs mass 

hypothesis
– Input parameters: event topology, kinematics, …
– MVA outputs are used as input to derive limits

● Separate analyses into sub-channels for optimization:
– CDF: by jet multiplicity (0, 1, 2+)
– DØ: by dilepton flavor (ee, µµ, eµ)



  

H→WW→lνlν: OS Lepton + 0 jets

WW

WW

5.9 fb-1 data set

Further split into sub-samples with
loose and tight lepton ID

Uses likelihood ratios based on ME
calculation as additional MVA input

Signalx10

Signalx10



  

H→WW→lνlν: OS Lepton + 1 jet
5.9 fb-1 data set

Further split into sub-samples with
loose and tight lepton ID

Gains ~20% in signal from 
associated production and VBFSignalx10

Signalx10

DY

DY



  

H→WW→lνlν: OS Lepton + ≥ 2 jets
5.9 fb-1 data set

In order to suppress  the dominant
ttbar background all events with a
tight secondary vertex b-tag are
rejectedTop

Top

Signalx10

Signalx10



  

H→WW→lνlν: Low M
ll

5.9 fb-1 data set

To increase signal acceptance
events that fail the M

ll
≥16GeV 

requirement are considered
separately

Signalx10

Signalx10

Wγ

Wγ



  

H→WW→lνlν: Signal Extraction
Using a NN to extract a signal
Separate NNs are trained for each sub-channel and each Higgs mass point

WW

DY

Top Wγ



  

H → WW → µνeν
6.7 fb-1 data set

Split into sub-channels by jet multiplicity



  

H → WW → lνlν

5.4 fb-1 data set

Separate sub-channels for 
ee and µµ final states



  

H→WW→lνlν: Signal Extraction
Separately trained MVAs for ee, µµ and µe final states:
- Different instrumental backgrounds
- Different lepton momentum resolutions
- Different backgrounds
MVAs:
- H → WW → lvlv: NN
- H → WW → µνeν: BDT



  

Same Sign Lepton and Trilepton
Channels from Associated Production



  

VH→VWW: SS Lepton & Trilepton
5.9fb-1 data set
Dominant signal contribution from VH→VWW  

Trilepton outside Z-peak

Trilepton inside Z-peak (1jet)

Trilepton inside Z-peak (2+ jets)

Same-sign (1+ jets)

Trilepton channels:
Same-flavor
opposite-sign
dilepton pairs
inside Z peak
→ ZH production

Same-flavor
opposite-sign
dilepton pairs
outside Z peak
→ WH production



  

VH→VWW: SS Lepton & Trilepton

NN to extract signal

Z peak
removed

With Z
 peak



  

VH→VWW: SS Lepton
5.4fb-1 data set

Lepton charge ID important

Backgrounds from charge flip
and Multijet

ee, µµ, eµ sub-channels

Track
Quality

Cuts

ee ee



  

VH→VWW: SS Lepton

BDT used to extract signal:

ee

µµ

µµ

eµ

eµ



  

Hadronic Tau
and 

Semi-Leptonic Channels



  

H→WW→lντ
had

ν
5.9fb-1 data set

Requires τ to decay hadronically

Two sub-channels: eτ & µτ

Main background from jets faking taus
Uses BDT

Etau channel

Mutau 
channel



  

H→WW→lνjj
5.4fb-1 data set

First look at semi-leptonic final states: l=µ,e

Split into electron and muon sub-channels

Large branching fraction of hadronic W decays

Factor of ~6 increase in Cross Section x BR

Large backgrounds from W+jets

Use W mass constraint to reconstruct neutrino p
Z

For m
H
>160GeV possible to extract the mass

of Higgs

g

g

j

j

ν

µ,e



  

H→WW→lνjj 

Random Forest used
for signal extraction

Separately optimized
for electron and muon
sub-channels



  

Systematic Uncertainties
Can affect both shape
and overall normalization 
of final discriminant

Uncertainties listed are
relative changes in
normalization

Background subtracted data (points),
1s.d. uncertainty on background (blue band),
M

H
=160GeV signal x5 (red)

1



  

Combination & Limits



  

Exclusion Limits
No significant excess of signal-like events is observed
MVA outputs used to set exclusion limits at 95% CL
Combining low mass and high mass results

DØ almost achieves observed exclusion
at m

H
=165GeV

CDF achieved expected exclusion
at m

H
=165GeV



  

Tevatron Combination

We exclude at the 95% CL the production of a SM Higgs boson
in the mass  range of 158 to 175 GeV



  

Summary & Outlook
● Presented an overview of the Tevatron high 

mass SM Higgs searches
– Leave no stone unturned
– Divide and conquer

● Tevatron limits shown are based on ~6fb-1

● Future prospects:

10fb-1 by the end of Run2
>2.4σ expected sensitivity
across entire mass range
3σ at 115GeV



Backup



4th Generation Interpretation



H → ZZ



Search Channel Summary



H→WW→lνjj
Signal Cross Sections
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