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Part XI:

Confidence Intervals and Limits
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• What to do close to a boundary?

• When should I switch from one-  
to two sided? (if based on data, this  
messes up confidence intervals;  
flip-flopping)

• If Bayesian, what about the prior? 
 

• Frequentist solution: 
Feldman-Cousins 
 
Read: Feldman & Cousins, 
arxiv:physics/9711021

11.7. Issues with confidence intervals

90% confidence limits close to 0 
(From Feldman & Cousins, arxiv:physics/9711021)
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Example:

• Poisson variables

• Expected background νB = 3.0

• True signal μT, signal hypothesis μ

• Probability (likelihood) for n observed 
events given μ: P(n|μ)

• μbest is the physically allowed μ which 
maximizes P(n|μ), here  
  μbest = max(0, n-b)

11.8. Feldman-Cousins Confidence Intervals



Niklaus Berger – SMIPP – WS 2013 – Slide 5

Example:

• Poisson variables

• Expected background νB = 3.0

• True signal μT, signal hypothesis μ = 0.5

• Probability (likelihood) for n observed 
events given μ: P(n|μ)

• μbest is the physically allowed μ which 
maximizes P(n|μ), here  
  μbest = max(0, n-b)

Feldman-Cousins Confidence Intervals
Ordering principle:

• Sort n’s by the ratio 
 
  R = P(n|μ)/ P(n|μbest) 

• Keep adding n’s to the confidence  
interval in decreasing order of R until 
the sum of the P(n|μ)  exceeds the  
desired C.L. 

• Repeat for “all” μ’s - obtain confidence 
band for a measured n
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Feldman-Cousins Confidence Intervals

(From Feldman & Cousins, arxiv:physics/9711021)
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Feldman-Cousins Confidence Intervals

(From Feldman & Cousins, arxiv:physics/9711021)
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... and for a Gaussian with Boundary at the Origin

(From Feldman & Cousins, arxiv:physics/9711021)
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Yes...
• ... the interval covers only physical values
• ... we have coverage
• ... there is no flip-flopping
• ... no (subjective) prior is needed 

 
but...

Problem solved?
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Suggested reading: 
 
A.L. Read: Modified Frequentist Analysis of Search Results (The CLs Method),  
J. Phys. G: Nucl. Part. Phys. 28 2693 

11.9. The CLS method



Niklaus Berger – SMIPP – WS 2013 – Slide 12



Niklaus Berger – SMIPP – WS 2013 – Slide 13



Niklaus Berger – SMIPP – WS 2013 – Slide 14

Part XII:

Merry Christmas!


