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Tevatron and D@

Tevatron collider at Fermilab

» proton anti-proton collisions
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Collider experiments

» 2 general purpose detectors:
CDF &« DO

» D@ analysed up to 8.2 fb-1
(out of 10 fb-! delivered)
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Higgs Boson at Tevatron
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Search Strategies
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Search Strategies

Maximise acceptance
» Improved lepton and b-jet identification algorithms
» Including events with lower quality objects as separate channels

» Exploiting decay modes with relatively lower branching ratios
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Sophisticated analysis techniques
» Improving background description and kinematic measurements
» Dedicated optimisation for categorised sub-samples

» Employing multivariate methods
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Search Strategies

Maximise acceptance
» Improved lepton and b-jet identification algorithms
» Including events with lower quality objects as separate channels

» Exploiting decay modes with relatively lower branching ratios

Sophisticated analysis techniques
» Improving background description and kinematic measurements
» Dedicated optimisation for categorised sub-samples

» Employing multivariate methods

Experiments have always been improving results much more than the
luminosity projection
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Low Mass Higgs Search
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Low Mass Higgs Search
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Improving Measurements
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Exploit All Decay Processes
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Exploit All Decay Processes
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Inclusive H = vy

» Previously used yy mass

» ~20% improvement from
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Exploit All Decay Processes
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High Mass Higgs Search

e.g. HHWW-lvlv

two
leptons

missing
Er

M. Takahashi SM Higgs at D@, DIS 2011




High Mass Higgs Search

H = WW, the most sensitive channel

e.g. HHWW-lvlv

two
leptons

missing
Er
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Categorising Samples

Separate lepton flavours

different physics & instrumental effects

Optimise in jet multiplicities

el + 0 jet: WW
el + 1 jet: Z+jet
bl + >2 Jets: tt
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Categorising Samples

Separate lepton flavours
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Recovering Final States
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Recovering Final States
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Recovering Final States
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Multivariate Analysis

Combine multiple variables using multivariate techniques

» One powerful discriminant to maximise signal-background separation
» More efficient event selection based on single variable
Input variables

» Kinematics of leptons, jets and missing Ex

» Lepton and b-jet “quality” variables
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Multivariate Analysis

Combine multiple variables using multivariate techniques

» One powerful discriminant to maximise signal-background separation
» More efficient event selection based on single variable
Input variables

» Kinematics of leptons, jets and missing Ex

» Lepton and b-jet “quality” variables
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Sensitivity to Higgs Signal

Systematic uncertainties in the measurements

» Low mass searches: b-jet identification, jet energy measurement, Heavy
Flavour jets background modelling etc.

» High mass searches: lepton identification, luminosity measurement, jet and
missing Er modelling, theoretical prediction etc.

Uncertainties on signal and background yields and shapes are reflected on
the cross section limits
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Sensitivity to Higgs Signal

Systematic uncertainties in the measurements

» Low mass searches: b-jet identification, jet energy measurement, Heavy
Flavour jets background modelling etc.

» High mass searches: lepton identification, luminosity measurement, jet and

missing Er modelling, theoretical prediction etc.

Uncertainties on signal and background yields and shapes are reflected on
the cross section limits
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Conclusions

Standard Model Higgs searches at the Tevatron continue to evolve

» Increased acceptance

» Improved control of
backgrounds

» Sophisticated variables
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Conclusions

Standard Model Higgs searches at the Tevatron continue to evolve

» Increased acceptance

» Improved control of

backgrounds [ Expected =10
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» Sophisticated variables 5 :

95% CL Limit / SM

Single experiment exclusion
by CDF and D@ this winter

» Lower mass also becoming
sensitive to the SM Higgs
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Conclusions

Standard Model Higgs searches at the Tevatron continue to evolve

» Increased acceptance

D Prelimingiy, L4.3:8.2.b7 ‘Observed -
» Improved control of
backgrounds

» Sophisticated variables

95% CL Limit / SM

Single experiment exclusion
by CDF and D@ this winter

» Lower mass also becoming
sensitive to the SM Higgs
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H 2
Further updates this summer March 7, 2011 my (GeV/c?)

D@ high mass combination

Expecting exciting results winter 2011

in the entire mass region
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Back Up
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D@ Results for All Channels

channel data analysed | expected limits | expected limits | expected limits
(fb-1 My=115GeV | My=135GeV | My=165 GeV
ZH — vvbb 6.2 4.0 10.2 -
ZH — ¢bb 6.2 5.7 14 -
WH — lvbb 5.3 4.8 11.5 -
H— vy 8.2 11.7 11.6 -
Ta jj 5.4 12.8 12.9 12.3
H— WW — éviv 8.1 8.6 2.7 0.97
H— WW — £t +X 7.3 96 20 6.6
H— WW — 2vjj 5.4 20 26 5.1
VH — £+¢* +X 5.3 20 9.6 8.5
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Multivariate Analysis

Sophisticated algorithms to combine all the useful event information and
their correlations to form a single discriminant

Neural Networks Decision Tree

Boosted Decision Tree
Random Forest

v v Vv Vv

Multivariate training

» Inputs: various kinematic information
for signal and background samples

» The algorithm examines the signal and
background events and characterises
them based on their kinematics

» Output: a method to compute whether Recursive Pass /Fail tests
a given event is signal or bkgd-like on input kinematic variables
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