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Null Hypothesis

Fit Including  
New Physics
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• At what point should 
we start thinking that a 
2-3σ will persist or 
grow?
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• Null hypothesis in following experiment is no modulation 
of signal with time 

• Error bars are experimental (systematic)

Enough Information?
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Energy Region 1

Energy Region 1

Energy Region 2

Energy Region 3

Experimental Setup A Experimental Setup A+B
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• Many different ways to think about statistics… and even 
more ways to argue 

• Given the observed data, for a given expectation 
( generally the null hypothesis) how often should I expect 
to observe data that is at least as aberrant/extreme as the 
actual observed data 

• P-value is affected by the amount of data examined 

• Be mindful of pre-trial p-value versus post-trial p-value
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more ways to argue 

• Given the observed data, for a given expectation 
( generally the null hypothesis) how often should I expect 
to observe data that is at least as aberrant/extreme as the 
actual observed data 

• P-value is affected by the amount of data examined 

• Be mindful of pre-trial p-value versus post-trial p-value

P-Value
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This one time I flipped a coin and it came up ‘heads’ 
500 consecutive times

This one time I flipped a coin 7 billion times and at one point 
 it came up ‘heads’ 500 consecutive times
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Lots of data

13

~23,000  
events

~14,000  
events

pre-trial -log10(p-value) = 5.28
post-trial (p-value) = 18%
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• OPERA has 3 events 

• If stat. uncertainty goes as sqrt(number of events) how is the OPERA 
significance > 3 sigma? 
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• OPERA has 3 events 

• If stat. uncertainty goes as sqrt(number of events) how is the OPERA 
significance > 3 sigma? 

• OPERA has 1.78 expected events and 0.184 background 

• But we can only see ‘whole’ events 

• What does 1.78 expected mean in the context of observing 3? 

• What if only 1 event had been observed? 

• Some physics is binary 

• Neutrino mass hierarchy is either A or B and not B ± 10% 

• Many tests (chi-squared) have implicit assumptions of gaussian 
statistics
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Biased Chi-squared scenario

15

Total 
Events

Current 
Data

Future 
Data

B: 2 expected events
A: 4 expected events

• In many experiments, A priori, the significance of A being physical reality and 
excluding B should be the same as B being physical reality and excluding A
• A χ2 = (4-2)2/4 = 1

• B χ2 = (2-4)2/2 = 2
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• Many, many statistical tests available 

!

• Quick chi-squared test is a useful tool, but should NOT be 
used to draw definitive conclusions

Wrap-Up
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