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Characterization of 
experimental data

Data set: N independent 
measurements of the same physical 
quantity
x1, x2, x3, …, xi, …, xN

every single value xi can only assume 
integer values

Basic properties of this data set

sum       

experimental mean 



Frequency distribution 
function F(x)

The data set can be represented by means of a 
Frequency distribution function F(x)

The value of F(x) is the relative frequency with 
which the number x appears in the collected 
data


The frequency distribution is automatically 
normalized, i.e. 


 If we don’t care about the sequence of the data 
F(x) represents all the information contained in 
the original data set

𝐹(𝑥) ≡
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑐𝑐𝑢𝑟𝑒𝑛𝑐𝑒𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑣𝑎𝑙𝑢𝑒 𝑥
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Properties of F(x)

 The experimental mean can be calculated as the 
first moment of the Frequency distribution 
function F(x)



 The width of the Frequency distribution function 
F(x) is a relative measure of the amount of 
fluctuation (or scattering) about the mean inherent 
in a given data set





Deviations

• We define the deviation of any data point as the 
amount by which it differs from the mean value:

–

• One could think to use the mean of the 
deviations to quantify the internal fluctuations of 
the data set, but actually:

–



Deviations: Pictorial View



 A better idea is to take the square of each 
deviation

 The sample variance s is defined as



 Or, more fundamentally, as the average value of 
the squared deviation of each data point from the 
“true” mean value   (usually unknown)



Sample variance



Sample variance: Pictorial 
View



 The equation             can be also 
rewritten in terms of F(x), the data frequency 
distribution function as



 An expansion of the latter yields a well-known 
result



Sample variance

where



Trials

We define a measurement as counting the 
number of successes resulting from a given 
number of trials

The trial is assumed to be a binary process in 
which only two results are possible, either:
success or
not a success

The probability of success is indicated as p and it 
is assumed to be constant for all trials

The number of trials is usually indicated as n



Trials (examples)

Trial Definition of success Probability of success (p)

Tossing a coin A Head 1/2

Rolling a die A Six 1/6

Picking a card from a full 
deck

An Ace 4/52=1/13

Observing a given 
radioactive nucleus for a 
time t

The nucleus decays during 
the observation

1-e-λt



Statistical models

Under certain circumstances, we can predict the 
distribution function that will describe the results 
of many repetitions of a given measurement

Three specific statistical models are well-known
The Binomial Distribution

The most general but computationally cumbersome

The Poisson Distribution
A simplification of the above when p is small and n large

The Gaussian or Normal Distribution
A further simplification of the above if the average number 

of successes pn is relatively large (in the order of 20 or 
more)



The Binomial Distribution

The predicted probability of counting exactly x
successes in n trials is:

 Important properties
 P(x) is normalized

 expected average number of succ.



predicted variance



The Binomial Distribution 
(example)

Trial: rolling a die

Success: any of 

p = 4/6 = 2/3 = 0.667

n = 10









The Binomial Distribution (example)



The Poisson Distribution

When  p << 1 and n is reasonably large, so that np=x
the binomial distribution reduces to the Poisson 
Distribution

 Important properties

 P(x) is normalized

 expected average number of succ.

 predicted variance



The Poisson Distribution

 Siméon Denis Poisson (21 June 1781 – 25 
April 1840

 Ladislaus Josephovich Bortkiewicz (August 7, 
1868 – July 15, 1931)
 First practical application: investigating the 

number of soldiers in the Prussian army killed 
accidentally by horse kicks

Rare events!



The Poisson Distribution 
(example)

Trial: birthdays in a group of 1000 people

Success: if a person has his/her birthday 
today 

p = 1/365 = 0.00274

n = 1000









The Poisson Distribution with 

When  𝑥 ≫ 1 the Poisson distribution can be 
approximated by a Gaussian (or Normal) distribution

with the constraint

As an example, we repeat the “birthday” experiment 
in a much larger group of 10000 people



Trial: birthdays in a group of 10000 people

Success: if a person has his/her birthday 
today 

p = 1/365 = 0.00274

n = 10000







The Poisson Distribution 
with x >> 1



N Trials : statistically independent

variance in each trial σi
2

Total variance 

Variance of statistically 
independent trials



Distribution of time intervals 
between successive events

We consider a random process characterized by 
a constant probability of occurrence per unit 
time

Let r represent the average rate at which events 
are occurring

Then r dt is the (differential) probability that an 
event will take place in the differential time 
increment dt

We assume that an event has occurred at time t
= 0



Distribution of time intervals 
between successive events

 The (differential) probability that the next event will 
take place within a differential time dt after a time 
interval of length t can be calculated as:

 Where P(0) is given by the
Poisson distribution:

Probability of next 
event taking place in dt
after delay of t

Probability of no events 
during time from 0 to t

Probability of 
an event during 
dt



Distribution of time intervals 
between successive events

The (differential) probability that the 
next event will take place within a differential 
time dt after a time interval of length t is 
therefore:



Distribution of time intervals 
between successive events



Distribution of time intervals 
between successive events



Distribution of time intervals 
between successive events



Distribution of time intervals 
between successive events


