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The Cheating Baker
A restaurant owner orders 30 rolls every day. 

The law in the country states that rolls must weigh 75 grams 

After changing suppliers, the owner suspects that the new baker 
sells underweight rolls 

⇒ Investigate! Weigh the rolls (1 gram resolution). 



5

Try combining the data by binning with a resolution 

The Cheating Baker
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The Cheating Baker
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Probability Distributions
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Terminology

An event or random variate is a possible outcome of an experiment governed by a 
stochastic process.  

A population is the set of all possible events. An observation is a realisation of a particular 
event.  

An estimate or a measurement is an attempt to infer properties of the population.  

Errors are usually associated with measurements. 

A probability distribution function assigns probabilities to events. Can be discrete or 
continuous.
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Cumulative Distribution Function (CDF)
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Probability Distribution Function (PDF)
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Expectation Value

The expectation value of some quantity u(x) is denoted E(x) 

Where x is randomly distributed according to f(x),  

Can be obtained by taking the average of an infinite number of samples of u(x)
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Mean Value

The (population) mean, 𝜇=<x>, is the expected value of the variate itself

The sample mean or average based on a finite sample is usually defined as:

The sample mean is a random variable, or function of the random variate x, which has the 
expectation value:

i.e. the mean 𝜇 is a property of the unknown, true p.d.f. while the sample mean is a 
measurement constructed from events or observations. In the limit of large N we expect the 
sample mean to approach the mean. We can thus use the sample mean to estimate the 
mean.
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Variance
Variance capture the spread (or width of a distribution)
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Estimating Variance

Easy to estimate variance if you already know the population mean 

But usually you don’t, so you have to estimate from the sample 
mean 

Using v to estimate the population variance would give a biased 
estimate.  

We rather have to use the (well known) correction:
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Higher Moments…
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Gaussian (or Normal) Distribution
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Central Limit Theorem 
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Gaussian (or Normal) Distribution
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Binomial Distribution
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Poisson Distribution

For N →∞, p →0 

Np= const., 

Binomial →Poisson
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For N →∞ 

Poisson→Gaussian.



25

Exponential Distribution

Used typically in processes that have no 
“memory” 

e.g. radioactive decay 

Probability of decay in each time bin dt is 
constant 

Lambda>0 and equal to inverse if the lifetime

Mean: Variance:
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Kolmogorov Smirnov Test
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Kolmogorov Smirnov Test
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Covariance and Correlation
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Covariance and Correlation
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Covariance and Correlation
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Correlation Coefficient



32

Covariance and Correlation
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Parameter Estimation
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Least Squares Fit
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What is Function Minimisation?

“In the more general approach, an optimization 
problem consists of maximizing or 
minimizing a real function by systematically 
choosing input values from within an allowed set 
and computing the value of the function.” - 
Wikipedia

https://en.wikipedia.org/wiki/Mathematical_optimization#/media/File:Max_paraboloid.svg
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… and why do we want to do it?
Although there are many reasons 
why you might want to do this 

But the most obvious of these is is 
function fitting  

Minimise objective function 
describing difference between 
model and data 

Chi2, likelihood etc

https://www.semanticscholar.org/paper/Introduction-1.1.-Example%3A-Polynomial-Curve-Fitting/001cc52a63e9ed49b7a3c29dc5c1a0dc16406049
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Let’s start Simple(x)

https://en.wikipedia.org/wiki/Nelder%E2%80%93Mead_method#/media/File:Nelder-Mead_Himmelblau.gif 
https://en.wikipedia.org/wiki/Nelder%E2%80%93Mead_method#/media/File:Nelder-Mead_Rosenbrock.gif

https://en.wikipedia.org/wiki/Nelder%E2%80%93Mead_method#/media/File:Nelder-Mead_Himmelblau.gif
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Likelihood 



40

Likelihood 
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Maximum Likelihood 
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Maximum Likelihood 
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Hypothesis Testing
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Uncertainties
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Uncertainties
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Uncertainties
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Hypothesis Testing
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Hypothesis Testing
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Hypothesis Testing
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Hypothesis Testing
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Hypothesis Testing
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Hypothesis Testing
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Look elsewhere effect (trials factor)
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Blinding of analysis
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Why 5 Sigma?
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Monte Carlo Techniques
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Monte Carlo methods
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Monte Carlo integration


