
• statistics 

• efficiency 

• resolution 
 

• counting 

• pile-up effects 

• unfolding 

• signal to background ratio 
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Data Analysis 

Alberto Rotondi,   
 Pavia University and  
INFN Sezione di Pavia 
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 (…from wikipedia) 
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Data yielding a p-value of .05 means there is only a 5% chance obtaining the 
observed (or more extreme) result if no real effect exists. "Common sense" tells 
us to judge our hypotheses based on how well they fit observed evidence. This is 
not what a p-value describes. Instead, it describes the likelihood of observing 
certain data given that the null hypothesis is true. 



The prosecutor fallacy 
(see the Sally Clark case) 

• The probability for an innocent mother to 
have 2 baby sudden deaths is    P(2D|I)=10-8. 

•  If P(2D|I)=P(I|2D) =10-8,  the mother is guilty!! 

                       ERROR ! 

• The right response is given by the Bayes 
theorem 
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100.000.000c

c 
100.000.000 

5000 killers 99.995.000 
innocents 

1000 
5000 killed  
babies 

1 casual double  
death 

Probability = 1/5000  about  5 10-4 
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The prosecutor fallacy 

• 106 tests are made for  AIDS. Probability of a 
false positive is   P(P|NO)=10-4. 

•  If P(P|NO)=P(NO|P) =10-4,  I’m sick! 

• The right response is given by the Bayes 
theorem 
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…. the p-value…. 
• is the probability of falsely rejecting   the 

null hypothesis  

  when it is true       P(p-value|H0) 
 

• is not the probability that the null  
hypothesis is true P(H0 | p-value)  
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Old physics 
Discovery!! 

now 
Statistical  
committee 

Discovery!! 



The Significance of a signal 
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• A random variable before the experiment: X 

• A random variable after the experiment: x 

• True mean m 

• True sigma: s 

• Measured mean: m 

• Measured sigma: s 

• True probability: p 

• Measured Frequency: f 

The right notation 
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PRL 91(2003)012002 

The first result 
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Is it  
convincing??? 

4.6 sigma! 
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Parameter estimation 
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“standard” significances 
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Photoproduction on a deuterium target 
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HERMES : 27.6  GeV positron beam on deuterium  

3.47414574/74 
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All these methods estimate true values 
through measured quantities… but … 
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Consider    
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Noff 

Non 

 is the ratio between the two surfaces 



A first rigorous solution 

32 

R. Cousins et al, NIM A 595(2008)480 

boffonoff // 0 mmmm 
H

L i a   is the  known normalization constant supposing that the  

on   measurement does not contain the signal  (H0 hyp.) 

r is known!!!! 

http://www.google.it/imgres?imgurl=http://thebsreport.files.wordpress.com/2009/11/lightbulb-idea.jpg&imgrefurl=http://www.ilnono.it/&usg=__Be0BAhAmcJpR_nZK2ECeQf4N1z4=&h=400&w=400&sz=22&hl=it&start=1&itbs=1&tbnid=UKYIg9_iatTsEM:&tbnh=124&tbnw=124&prev=/images%3Fq%3Didea%26hl%3Dit%26gbv%3D2%26tbs%3Disch:1
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A rigorous solution 
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Is it  
convincing??? 

4.6 sigma! 
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Pentaquark: n_on=36,  n_off= 89   

=  = 89/17  = 5.2,   Z=3.49 
 
Likelihood  ->  Z=3.52 
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A 2nd “rigorous” solution 
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A 2nd “rigorous” solution 
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HERMES : 27.6  GeV positron beam on deuterium  
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Kolmogorov-Smirnov test 

A rigorous method to compare observed data to a given distribution (or 
to check if two samples are from the same population): 

For a sample of dimension n, the empirical cdf is 
  
 

 

This has to be compared with the theoretical cdf of the distribution 
assumed for the data,  F(x) , through the evaluation of the maximum 
difference: 

 
 

Under the hypothesis H0 that the data are from the assumed 
distribution,  the significance level of a particular value of D is given 
by: 
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KS test 

• If two samples (of dimensions n1 and n2) have to be compared 
the argument of the Q function becomes 

 

 

 

 

• The KS test need not know the distribution parameters, but it 
applies  to continuous distributions: 

 an attempt to apply KS test to discrete distribution can be 
found in 

Facchinetti, S., & Chiodini, P.M. (2008) 
 http://hdl.handle.net/10281/4859  

 Note that in this case the procedure is no longer distribution 
free. 
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Graphical example of application of the KS test on CDF “superjet events”. 

green (QCD) and blue (t-tbar). 

ul: expected admixture; ur: best admixture; ll:integral distributions; lr: admixure 

probability 
(see T. Dorigo, note CDF/ANAL/TOP/CDFR/4861) 
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Dn = sup x | Fn(x) − F(x) | 

45 
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Conclusions 

• Physicists should follow the right statistical notation 
 
•The usual formulae used by physicists to find signal on a 
“back of an envelope” should   be abandoned 
 
• the RIGHT formulae for the signal significance there exist  
   and should be used  (see                                                   ) 
 
    1  binomial formula 
    2  likelihood ratio formula 
    3  KS test with unbinned continuous data  

R. Cousins et al, NIM A 595(2008)480 



END 
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Graphical example of application of the KS test on CDF “superjet 

events”. 

Left: comparison of superjet sample with expected event distributions; 

right: comparison of control sample with expected event distributions. 

(see T. Dorigo, note CDF/ANAL/TOP/CDFR/4861) 
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52 No 5s effect!! 
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Signal to background 
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From coin tossing to physics: 
 the efficiency  measurement 

Valid also for 

k=0 and k=n 

ArXiv:physics/0701199v1 
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The prosecutor fallacy 

• 106 tickets are distributed in a lottery. The 
probability for a Honest (H) to win is 
P(W|H)=10-6. 

•  If P(W|H)=P(H|W) =10-6,  the winner is Cheat!! 

• The right response is given by the Bayes 
theorem 
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The 90% CL gaussian  upper limit.. 

Observed 
value 

90% area 

10% area 

Meaning: this upper limit should give values less than the 
observed one in less than 10% of the experiments    
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A 2nd rigorous solution 
R. Cousins et al, NIM A 595(2008)480 
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A 2nd rigourous solution 

Pentaquark: n_on=36,  n_off= 17*2.17 = 36.7,  
  

 =  =17/2.82  = 2.17,   Z=3.25 


