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Goal
Search for significant discrepancies with the Standard Model

All high-pT data
All kinematic quantities

Scope
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Motivation

Hierarchy problem
Fine tuning of Higgs mass
CP violation
Dark Matter
Dark Energy

There has to be physics beyond 
the Standard Model.
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FermilabFermilab

Collider Collider 
Detector Detector 
at Fermilabat Fermilab

TevatronTevatron

Energy = 1.96 TeV
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CDF anatomy

Muon detectors

Gas tracker
Silicon tracker

(700,000 channels)

Electromagnetic Calorimeter

Hadronic Calorimeter

Solenoid magnet
1.4 Tesla 
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CDF Integrated Luminosity
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Brief History

First embryonic version: DØ Run I, Fermilab
“General Search” in H1, DESY
Currently work underway in CMS, ATLAS, and DØ Run II

CDF Run II global search: 
2007:  1 fb-1 
2008:  2 fb-1

Bibliography (CDF Run II, 1 fbBibliography (CDF Run II, 1 fb    -1-1))
http://arxiv.org/abs/0712.2534  (PRL)
http://arxiv.org/abs/0712.1311  (PRD)
http://arxiv.org/abs/0710.2372  (SUSY07, Eur.Phys.J.C)
http://arxiv.org/abs/0710.2378  (SUSY07, Eur.Phys.J.C)



8Georgios Choudalakis

Overview

data
MC

CDF simulation

Correction Factors

SM background

Global Comparison
Populations

Shapes
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
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Correction
factors
(2 fb-1)



10Georgios Choudalakis

The Global Fit

SM =  Integrated Luminosity × Acceptance ×
          {σLO × k-factors}  × 
          {ID and misID probabilities}  × 
          {Trigger Efficiencies}

Minimize:

All the data are used during the fit, and all the correction factors 
are found simultaneously.

= set of correction factors

e.g. theoretical estimation of 
k-factors
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Object and Event selection
Physics ObjectsPhysics Objects

e, μ, τ, jet, b-jet, γ, Missing ET

Consider objects of pT > 17 GeV

Event selectionEvent selection

e, pT > 25 GeV

μ, pT > 25 GeV

γ, pT > 60 GeV

jet, pT > 40 GeV

additional two-object triggers

 

4.3 × 106 events
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Partition in Exclusive Final States

Data SM Background

e+e-

e+μ-

 bjj

Nothing dropped

Compare “apples to apples”



13Georgios Choudalakis

Table including all 
Vista final states 
with at least 10 
data events 

Background 
uncertainties are 
statistical.

399 final states; a lot of information
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Ways to look for discrepancies

Population discrepancies

Shape discrepancies

Mass resonances

High ΣpT excesses



15Georgios Choudalakis

Population discrepancies

Data SM Background

e+e-

e+μ-

 bjj

399 final states → 399 populations

Expected    b
Observed   d
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Using Poisson statistics

(Not mentioning  
convolution with 
uncertainty in b.)



16Georgios Choudalakis

Shape discrepancies

Data SM Background

e+e-

e+μ-

 bjj

399 final states × ~49 kinematic distributions each ≈ 20,000 shapes

For example: masses, pT, ΣpT, η, φ, ΔR etc.

Using Kolmogorov-Smirnov test

D: “KS statistic”

From D we find 
KS probability 
(that shapes are 
consistent)
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Mass resonances

399 final states : ~20,000 shapes : ~5,000 mass variables

Data SM Background

e+e-

e+μ-

 bjj

TargetTarget: Narrow mass resonances

ScanScan all mass spectra with a window. all mass spectra with a window.
Window size follows mass resolution.Window size follows mass resolution.
Sidebands have to agree more than center.Sidebands have to agree more than center.

Each bump has a p-value
 

Most interesting window : p-valmin

Repeat for all mass variables.
Evaluate significance, given trials factor.

Discovery threshold: 3σ after trials factor.
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High-ΣpT excesses
-Why ΣpWhy ΣpTT??
  -Sensitive: New physics → Heavy objects → High-ΣpT products
  -Universal: Every event has a ΣpT.

In each tail we expect b and observe d.
Find p-val of all tails.

Mark most interesting (p-valmin).

Repeat for all final states.

Evaluate significance, given trials factor.

Discovery threshold: 3σ after trials factor.
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We have it all at our fingertips

Interesting features are listed first

All plots are 2 clicks away

CDF has a complete view of its 
high-pT data
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Would this have found top?

Easily finding top in 1 fb-1

Remove top quark from Standard Model, refit correction factors, search!
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How much would it have taken?
Top quark removed from background.
Scale integrated luminosity.

discovery threshold

CDF discovery 
1995

Probability 
that the most 
interesting 
excess is just 
a fluctuation.

(trials factor 
included)

boring

exciting

Median

Range
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WZ
example of a signal we don't see with this analysis

After removing WZ background

P becomes 1%, corresponding to (only) 2.3σ effect.

CDF observed WZ (at 6σ significance) with 1.1 fb-1 [Phys. Rev. Lett. 98, 161801 (2007)].

~
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Sensitivity to bumps?

Z'250 → charged leptons
5σ discovery if σ×BR ≈ 0.325 pb.

WH120 → ℓνbb
5σ discovery if σ ≈ 14 pb.

(Standard Model predicts 0.159 pb.)
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Z' (500GeV) → tt

5σ discovery if σ×BR=2.2pb

The same signal can appear in different variables.
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ResultsResults
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Populations
The Poisson probability that 
the SM population in a final 
state would fluctuate above 
(or below) the observed 
population in the data.

This probability is expressed 
in units of standard 
deviation (σ).

These probabilities plotted 
do not yet take into account 
the trials factor: We 
examined 399 final states. 
Accounting for this reduces 
the significance of every 
observed discrepancy.

 After taking into account 
the trials factor, the greatest 
population discrepancy is 
only a 2.7σ deficit of data.

Large 
excess

Large 
deficit agreement
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Vista automatically produces 
and examines ~20,000 
distributions of kinematic 
variables.

Their consistency with the 
background is tested using 
Kolmogorov-Smirnov test.

The KS probability P (that two 
distributions are consistent) is 
expressed in units of standard 
deviation (σ).

In the probabilities plotted here, 
the trials factor due to 
examining thousands of 
distributions has not yet been 
accounted for.

– Interest is focused on outliers 
showing significant disagreement

Distribution Shapes

agree disagree
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Examples
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The “3-jet” 
discrepancy

Parton showering parameters
being investigated.

1

2
3

1

2
3
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Summary of plot discrepancies

Discovery threshold
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The only significant mass bump

CDF Run II Preliminary (2 fb-1)
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It is the same “3-jet” effect
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Anything like Z' → e+e- or μ+μ-?
CDF Run II Preliminary (2 fb-1)

CDF Run II Preliminary (2 fb-1)

Even this 
translates to a 
2.7σ effect after 
trials factor

Even this 
translates to a 
probability 74% 
after trials factor
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CDF Run II Preliminary (2 fb-1)

same for τ+τ-

zoomzoom

Almost 100% 
expected from 
fluctuations, after 
trials factor
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CDF Run II Preliminary (2 fb-1)

high-ΣpT dijets?

Almost 100% 
probability to 
come from 
fluctuations, after 
trials factor
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Most significant ΣpT tails

#4#4

p-value=3.2σ.  Within the distribution 2.6σ.  Given all distributions, probability is 50%.
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Most significant ΣpT tails

#3#3

p-value=3.4σ.  Within the distribution 2.6σ.  Given all distributions, probability is 46%.



38Georgios Choudalakis

Most significant ΣpT tails

#2#2

p-value=3.3σ.  Within the distribution 2.86σ.  Given all distributions, probability is 27%.
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Most significant ΣpT tails

#1#1

p-value=3.96σ.  Within the distribution 3.26σ.  Given all distributions, probability is 8.5%.
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Summary of ΣpT tail excess

Probability that the most 
unlikely ΣpT distribution (ℓ+ℓ'+)
is just a fluctuation.

(trials factor included)

Probability that the most 
interesting excess seen in 
each ΣpT distribution is just a 
fluctuation.

(trials factor included)

This is only a 1.3σ effect.
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Summary

 We searched for new physics globally in 2 fb-1 of CDF II data
 We gained an overview of all high-pT data

 Found nothing significant enough in populations
 Most (97%) distributions agree well with prediction

The rest is QCD not modeled perfectly
 No significant mass bumps
 No significant excess at high ΣpT

“It is a testimonial to the integrity of experimentalists 

   that they don't always find what they expect.”

 -- Steven Weinberg, Dreams of a Final Theory


