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Motivation for performing general searches 

•  The advantages of specific searches are numerous. 

•  Various approaches for more general searches however exist 
and can be interesting for various reasons. 

•  Resonance searches can be performed on large parameter 
sets using “bump hunters” 

•  Deviances can be seen in low statistics regions by 
comparing shapes of various processes simultaneously. 
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An example of an shape comparison. 
(CERN-THESIS-2011-004) 
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Monte Carlo generated pseudo data  

“Medium isolated” leptons 
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Log likelihood maximization 

•  The Likelihood function 

•  Probability in each bin 

•  Systematic errors as Gaussian smearing 



Tekst starter uden 
punktopstilling 
 
For at få punkt-
opstilling på 
teksten, brug 
forøg indrykning 
 
 
For at få venstre-
stillet tekst uden 
punktopstilling, 
brug formindsk 
indrykning 

Overskrift her 

For at ændre 
”Enhedens navn” 
og ”Sted og dato”: 
 
Klik i menulinjen,  
vælg ”Indsæt” > 
”Sidehoved / 
Sidefod”. 
Indføj ”Sted og 
dato” i feltet for 
dato og ”Enhedens 
navn” i Sidefod 

Plots from my thesis – fit against 10pb-1 
pseudodata. 
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Fit of 20 pb-1 real data 

From CERN-PH-EP-2011-103: 
(35pb-1) 
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•  The method has been used as an alternative test in 
measurement of the ttbar cross section measurement in the 
dilepton channel. 

•  MET uncertainties problematic for WW shape – otherwise 
could have been an interesting method for measuring WW 
cross section with low statistics. 

•  The method is being extended to eg. trilepton channels and 
to a variety of parameters.  

•  If discrepancies can be found using a general approach 
many parameters spaces can be probed.  

•  Caution should be taken with eg. look elsewhere effect. 

Usage of method 
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Bumphunters 

•  Instead of overall shape deviances, statistical test can be 
performed to find actual peaks or excess of events in 
distribution tails – given the above framework this is easily 
added and could obviously yield interesting results. 

•  A range of “bumphunting” tools have already been 
developed and tested.  

•  Discovery potential has been shown to match those of the 
specific searches in CDF and D0. 

-  This is of course an important point - it might not be 
the case for all LHC searches 
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The different codes 

•  VISTA 
•  Probes the bulk of kinematic distributions of high-Pt 

data. It searches for significant deviations from the 
null-hypothesis (SM) in regions confined by sidebands. 

•  Sleuth 
•  Examine the tails of SumPt distributions of high-Pt final 

states. 
•  BumpHunter 

•  A package that includes a series of tests one of which is  
entitled BumpHunter. BumpHunter also searches for 
discrepancies in regions confined by sidebands. 

•  TailHunter 
•  A tool under the BumpHunter package similar to Sleuth 

in that it looks for excess events in tails of high-Pt final 
states. It has no sideband regions 

•  Bard 
•  More theoretically minded program, that looks for 

possible theories (Lagrangians) that fit with a found 
peak. 
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Final states in VISTA 
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General idea of approach to finding peaks in bulk 
of distribution - here from BumpHunter. 

•  The test statistic is obtained by defining a central window, 
Wc (vary between 68% and 95% signal) and sidebands of 
non-discrepant data. 

•  Number of events in data and expected events from the 
tested hypothesis (SM) are then counted in window and in 
sidebands. 

•  test statistic is defined as: 

•  basically it says test is 0 if data < bg in central window or 
sidebands have excess in data. 

•  otherwise the test is f(dc-bc) where f can be any positive, 
monotonically increasing function, such as (dc-bc)2 or (dc-
bc)100 

•  The p-value can be calculated from the test statistic, t. 
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Bumphunters 

•  Shift central window and repeat calc. of p-value 
•  after all possible regions (given defined step-size) are 

tested the BumpHunter test statistic is calculated: 

•  where                  is the smallest of all found p-values. 

•  Tailhunters 
•  (Sleuth, TailHunter …) 
•  without sidebands - last bin to right in window is last 

bin with data in distribution. 
•  i.e. only requirement is excess in data. 
•  Very simple yet force lies in ability to test many 

parameter combinations. 
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Backup 



•  Search for excess of events 
in defined region 

•   At least 3 data events 
•  from cut to infinity 

•  for SM exp. b to fluctuate up to or 
above #events in region d. 

•  Pseudo-experiments are generated 
for most interesting regions in 
each final state - P is then the 
fraction of PE in this final state 
more interesting than most 
interesting region in data. 

•  P  small = new physics! 
•  Further calculated for all final 

states finds smallest P  and checks 
for most probability of this 
summing over all sleuth final 
states... ! 
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BumpHunter 

•  Remember p-value is defined                    .            only 
happens when             for some observed data in the 
central band     , while no excess is found in the sidebands. 
The p-value can be calculated from these three independent 
criteria: 

for same ranges but with obs. compared to bg 
•     can be calculated as it can be shown, that  

where  
              
               and  
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Where to get it and find out more: 

•  VISTA/SLEUTH: dunno... but try  
•  http://www-cdf.fnal.gov/physics/exotic/r2a/

20070426.vista_sleuth/publicPage.html 

•  BumpHunter package:  
•  https://svnweb.cern.ch/trac/atlasgrp/browser/

Institutes/UChicago/DijetMassAndChi/trunk/macros/
package 

•  Bard 
•  http://arxiv.org/abs/hep-ph/0602101 

•  Marmoset:  
•  http://marmoset.jthaler.net/wiki/doku.php?

id=installing 


