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Context

Data SM Background

e+e-

e+μ-

 bjj

CDF Global Search for New Physics
Si Xie's talk

Implement globally the SM background
Partition in exclusive final states
Search for discrepancies in 
populations, shapes, ΣpT tails,
and now also in mass bumps.
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Goal of the Bump Hunter

Find narrow mass resonances
Evaluate their statistical 
significance

ScopeScope
All mass variables in all 
exclusive final states.

Data SM Background

e+e-

e+μ-

 bjj

m(b,j1)
m(b,j2)
m(j1,j2)
m(b,j1,j2)
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Table including all 
Vista final states 
with at least 10 
data events 

Background 
uncertainties are 
statistical.

399 final states; a lot of information

5,000
mass distributions

among else
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Method

ScanScan all mass spectra with a window. all mass spectra with a window.

Window size follows mass resolution.Window size follows mass resolution.

●  Consider bumps with ≥ 5 data events.Consider bumps with ≥ 5 data events.
●  Sidebands have to agree more than           Sidebands have to agree more than           
   center, and not be too discrepant (5σ).   center, and not be too discrepant (5σ).
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Caution: This is NOT real data!
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Statistical Significance

Each bump has a Each bump has a p-valuep-value

MostMost interesting bump: p-val interesting bump: p-valminmin

Use pseudo-data to find Use pseudo-data to find 
PPaa  == The probability that a p-val ≤ p-val The probability that a p-val ≤ p-valminmin    
           would appear by coincidence.           would appear by coincidence.

PPbb = 1 – (1- = 1 – (1-PPaa))5000 distributions5000 distributions

              = probability at least one mass              = probability at least one mass              
           would have such a small P           would have such a small Paa by            by           
           coincidence.           coincidence.

Discovery threshold:Discovery threshold:
PPbb=3σ ↔ =3σ ↔ PPaa=5σ=5σ
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Sensitivity

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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Results



 9Georgios Choudalakis 9Georgios Choudalakis

Anything like Z' → e+e- or μ+μ-?
CDF Run II Preliminary (2 fb-1)

CDF Run II Preliminary (2 fb-1)

2.7σ effect after 
trials factor

probability 74% 
after trials factor



 10Georgios Choudalakis 10Georgios Choudalakis

Summary of Mass Bumps

Discovery threshold

outlier
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The outlier

CDF Run II Preliminary (2 fb-1)
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Attributed to PYTHIA's parton 
showering

The infamous “3-jet” effect, seen first in the 3-jet final state.
The data have more “close-together” jets than PYTHIA predicts.

More details in Si Xie's talk.
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Summary
 Bump Hunter : A new algorithm, suited for global searches
 Used to expand the CDF Global Search (a.k.a. Vista/Sleuth)
 Scanned about 5,000 mass distributions found in 399 final states

 Remarkable agreement with the SM in “smoking gun” final states 
  (such as e+e- and μ+μ-)
 One outlier found, but attributed to the “3-jet” effect

 Unfortunately, this tool found no new physics in 2 fb-1 of CDF II   
 data.
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Appendix
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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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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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Fast vs Slow method to estimate Pa

5σ in Pa → 3σ in Pb

4.5σ in Pa→ 2.1σ in Pb
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Expected Pa

Slow
method
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The need for spike treatment
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Spikes



 22Georgios Choudalakis 22Georgios Choudalakis

Potential for Improvement
Search for wider resonances
Combine leptons & jet multiplicities
Dynamic optimization of window width
Use of only data
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