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•	Understand Statistical Concepts 
		  Ability to read analysis papers

Aims of the course 
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Read an analysis paper...
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•	Understand Statistical Concepts 
		  Ability to read analysis papers

•	Develop Intuition 
		  Do I believe a statistical claim?

Aims of the course 
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Do you believe a statistical claim
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•	Understand Statistical Concepts 
		  Ability to read analysis papers

•	Develop Intuition 
		  Do I believe a statistical claim?

•	Know Methods 
		  Your statistical toolbox

Aims of the course 
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Your statistical toolbox

Photo: David I Poole
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•	Understand Statistical Concepts 
		  Ability to read analysis papers

•	Develop Intuition 
		  Do I believe a statistical claim?

•	Know Methods 
		  Your statistical toolbox

•	Know Pitfalls 
		  Avoid mistakes already made by others

Aims of the course 
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Avoid Mistakes Made by Others
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•	Understand Statistical Concepts 
		  Ability to read analysis papers

•	Develop Intuition 
		  Do I believe a statistical claim?

•	Know Methods 
		  Your statistical toolbox

•	Know Pitfalls 
		  Avoid mistakes already made by others

•	Use Tools 
		  Learn to use root

Aims of the course 
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Learn to use root
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•	Understand Statistical Concepts 
		  Ability to read analysis papers

•	Develop Intuition 
		  Do I believe a statistical claim?

•	Know Methods 
		  Your statistical toolbox

•	Know Pitfalls 
		  Avoid mistakes already made by others

•	Use Tools 
		  Learn to use root

•	Practice 
		  Get ready for your own data analysis

Aims of the course 
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This is an applied course!
•	We will use lots of examples from  

“real life” particle physics 

•	We will sometimes talk about  
implementation on a computer 
 

•	You should ask questions, discuss 
 
		

•	You will write lots of code 
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Practicalities
•	No exam, no marks 

 

•	Tutorials are an integral part 
 
		

•	You get your credit points for coding 
 

•	Details from Oleg 
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Material
•	There is a course website:

http://www.physi.uni-heidelberg.de/~nberger/
teaching/ws13/statistics/statistics.php 
 

•	You will get the slides 
		

•	When I use the blackboard, you 
should take notes... 

•	There are a few good books out there 
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Literature
•	 Lyons: 

Statistics for Nuclear and Particle Physicists 
(Cambridge University Press)

•	 Cowan: 
Statistical Data Analysis 
(Oxford Science Publications)

•	 Barlow: 
Statistics: A Guide to the Use of Statistical Methods in the Physical Sciences 
(Manchester Physics Series)

•	 Blobel, Lohrmann: 
Statistische Methoden der Datenanlyse 
(Teubner, in German) 
Ebook: http://www.desy.de/~blobel/eBuch.pdf 
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•	 Probability theory

•	 Probability density functions and their 
properties

•	 Error propagation, correlations

•	 Monte Carlo techniques

•	 Estimators

•	 Fitting: 
		  Least Squares 
		  Maximum Likelihood

•	 Confidence intervals and limits

•	 Multivariate methods

•	 Unfolding

Curriculum
Recurring topics:

•	 Bayesian vs. Frequentist interpretation

•	 Examples from our work

•	 Examples from your work

•	 Discussion of numerical implementations 
and programming techniques 

•	 The role of the physicists judgement
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Statistics in Particle Physics

Detector modelling (Monte Carlo methods) Event reconstruction (e.g. track fitting)

Data analysis (e.g. event classification)
Interpretation of results (e.g. limits)
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Part I:

Probability Theory
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•	 Distribute points equally over a sphere

•	 Points on the equator will also be equidistributed

•	 Points on any great circle, e.g. a meridian will be 
equidistributed

The Borel-Kolmogorov Paradox
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•	 Distribute points equally over a sphere (Earth)

•	 Points on the equator will also be equidistributed

•	 Points on any great circle, e.g. a meridian will be 
equidistributed 

•	 A quarter of every meridian lies north of 45° N

•	 Integrate over all meridians: A quarter of all 
points lie north of 45° N, points are equi- 
distributed, thus a quarter of the earth’s surface 
lies north of 45° N 
 
			   Contradiction? 
 

The Borel-Kolmogorov Paradox
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Where did this go wrong?

The Borel-Kolmogorov Paradox
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Where did this go wrong?

•	 It is not allowed to condition conditional probabilities 
on a set of probability zero

•	 Instead take finite surface and the proper limit

The Borel-Kolmogorov Paradox
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