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Global Search for New Physics in Global Search for New Physics in 
2 fb2 fb-1-1 at CDF at CDF
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Standard Model Works Very WellStandard Model Works Very Well
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h

We expect something new !We expect something new !
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Identify Objects and Select EventsIdentify Objects and Select Events

Identify Physics ObjectsIdentify Physics Objects
e

γ

μj

b

ν

τ

p
T
 > 17GeV

Select Events of InterestSelect Events of Interest
 Select events containing high-pSelect events containing high-p

TT
 objects,  objects, 

diobjects, multi-objectsdiobjects, multi-objects
 Total Selection of ~4 million eventsTotal Selection of ~4 million events
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Full Tevatron Standard Model Monte Carlo Set
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Simulate detector response



99PHENO 08 – April 29, 2008PHENO 08 – April 29, 2008Si Xie Si Xie 

Correction ModelCorrection Model

Attempts to accurately reflect the limit to our Attempts to accurately reflect the limit to our 
systematic understanding of the detector and systematic understanding of the detector and 
the standard modelthe standard model
Correction factors include: integrated luminosity, Correction factors include: integrated luminosity, 
k-factors, trigger efficiencies, reconstruction k-factors, trigger efficiencies, reconstruction 
efficiencies, fake ratesefficiencies, fake rates
Values are obtained by a global fit of data to Values are obtained by a global fit of data to 
background yielding a set of values maximizing background yielding a set of values maximizing 
global agreementglobal agreement
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A few typical control distributionsA few typical control distributions
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Partition EventsPartition Events
 into  into exclusive final statesexclusive final states

Data SM Background

e+e-

e+μ-

b 2j
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Global ComparisonGlobal Comparison
399 Final State Populations399 Final State Populations
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Global ComparisonGlobal Comparison
19650 Kinematic Distributions19650 Kinematic Distributions
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Global ComparisonGlobal Comparison
Sleuth Final States :                  87Sleuth Final States :                  87

 Scan the ΣP
T
 spectrum

 Look for semi-infinite 
region with the most 
significant excess of 
data

 Excesses at Large ΣP
T
 

are expected by a wide 
spectrum of new 
physics scenarios.

 Perform pseudo-
experiments to evaluate 
significance

Sleuth variable:
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Global ComparisonGlobal Comparison
Bump Hunter: 5036 Mass variablesBump Hunter: 5036 Mass variables

Pseudo-signal example

For details see the talk by Georgios Choudalakis For details see the talk by Georgios Choudalakis 
in the Resonances and New Colored Particles Sessionin the Resonances and New Colored Particles Session
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data
MC

CDF simulation

Correction Factors

SM background

Global Comparison
 

Populations
Shapes

 Sleuth ΣpT tails
Mass bumps

global
fit

iterate

Until either a clear case for New Physics can be 
made, or there remain no discrepancies that 

motivate a case for New Physics

ch
ec

kp
oi

nt
s
Overview SchematicOverview Schematic
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ResultsResults
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Final State PopulationsFinal State Populations

DeficitDeficit ExcessExcess

List of Top Population List of Top Population 
DiscrepanciesDiscrepancies

No Significant Discrepancy in Populations!No Significant Discrepancy in Populations!

Large 
excess

Large 
deficit agreement
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From
Most significant deficit

From
Most significant excess

A few example distributionsA few example distributions
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Kinematic ShapesKinematic Shapes

DisagreementDisagreement

This analysis brought this issue (“3 jet effect”) to attention and is currently This analysis brought this issue (“3 jet effect”) to attention and is currently 
being investigated by experimental and theoretical colleagues.being investigated by experimental and theoretical colleagues.
This is a major limiting factor in our ability to see mass This is a major limiting factor in our ability to see mass 

resonances in multijet final states.resonances in multijet final states.

agree disagree
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3 jet effect3 jet effect

Conclusion: No discrepancies to motivate a new physics claimConclusion: No discrepancies to motivate a new physics claim
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Sleuth ResultsSleuth Results

ee++ee--μμ+ + EETT

ee++μμ++

  EET   T   jjjj

ee++μμ+ + EETT

ee++μμ++
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Sleuth Results SummarySleuth Results Summary

The most discrepant Sleuth final state has a The most discrepant Sleuth final state has a 
probability of probability of 8%8% after accounting for trials factor after accounting for trials factor
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ConclusionConclusion
Completed the global search for new physics in 2fbCompleted the global search for new physics in 2fb-1-1  
at CDFat CDF

This analysis finds...This analysis finds...
 No significant final state population discrepancies.No significant final state population discrepancies.
 No shape discrepancies motivating new physicsNo shape discrepancies motivating new physics
 No statistically significant Sleuth No statistically significant Sleuth ΣpΣp

TT
 excess. excess.

 Bump Hunter results will be presented in another Bump Hunter results will be presented in another 
talktalk

The search continues...The search continues...
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BACKUPBACKUP
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Global FitGlobal Fit
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Correction Correction 
FactorsFactors
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Sleuth AlgorithmSleuth Algorithm

 Scan the sumPt spectrum in all final states and find the 
region with the most significant excess of data over SM.

 Perform pseudo-experiments to determine the probability 
that a statistical fluctuation of the background would yield 
an excess as significant as the one observed

 Takes into account the trials factor for looking at many 
places

 Discovery level significance set at 0.001 = 5σ effect

Sleuth variable:
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Sensitivity: Top Discovery?Sensitivity: Top Discovery?

Easily finding top in 1 fb-1

Remove top quark from Standard Model, refit correction factors, search!

Approximate Luminosity Needed ~  O (Run1 Discovery )
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Sensitivity: Z' mass bump ?Sensitivity: Z' mass bump ?

Z'250 → charged leptons
5σ discovery if σ×BR ≈ 0.325 pb.
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Jet -> Tau Jet -> Tau 
FakesFakes

Correction Factor  p(q->tau) = 5.2E-3
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jet -> photon jet -> photon 
fakefake

Correction Factor  p(q->ph) central = 2.66E-4
Correction Factor  p(q->ph) plug = 5.1E-4
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jet -> photon fakejet -> photon fake
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Correction Factor  p(q->mu) = 1.18E-5

jet -> muon jet -> muon 
fakefake
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Illustration of FakesIllustration of Fakes
jet -> ph fake

e -> ph fake 
(CDFSim)

ph -> e fake

real photon


