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PROBABILITY I
Chapters 1+2 of Practical Statistics for Astronomers



Every measurement we make, and every parameter or value we derive requires an ERROR 
ESTIMATE, a measure of range (expressed in terms of probability) that encompasses our belief of 
the true value of the parameter.

No measure quantity or property is of the slightest use in decision and in science, unless it 
has a range quantity, i.e., an error, attached to it.
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Probability
is a numerical formalization of our degree or intensity of belief. 
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Probability
is a numerical formalization of our degree or intensity of belief. 

Kolmogorov axioms of probability:
1. any random event A has a probability prob(A) in [0,1]
2. the sure event has prob(A)=1
3. if A and B are exclusive events, then prob(A or B)=prob(A)+prob(B)



Two events A and B are INDEPENDENT if the probability of one is unaffected by what we know 
about the other: prob(A and B)=prob(A)prob(B)
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about the other: prob(A and B)=prob(A)prob(B)

IF independence does not hold, we should know the CONDITIONAL PROBABILITY, i.e., the 
probability of A given that we know B:

IF there are several possibilities for event B (i.e., Bi):

Example: “A” might be a cosmological parameter of interest, while “Bi” are not of interest, 
e.g., instrumental parameters. Knowing prob(Bi), we can get rid of them by summation (or 
integration), a.k.a., marginalization.



Bayes’ Theorem:
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The data, i.e., the event A, are regarded as succeeding (i.e., coming after) B, the state of belief 
preceding the experiment. prob(B) is the prior probability, which will be modified by experience. 
This experience is expressed by the likelihood prob(A|B), while prob(B|A) is the posterior 
probability, i.e., the state of belief after the data have been analyzed. 

From prob(B and A) = prob(A and B), one can demonstrate that
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prob(A|B) = likelihood = prob(data | model), i.e., the probability of the data A given the model B

From prob(B and A) = prob(A and B), one can demonstrate that
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to have

Z
prob(B|A) = 1
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prob(A) =

Z
prob(A|B)prob(B) if continuous
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X
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From prob(B and A) = prob(A and B), one can demonstrate that



BAYES’ THEOREM 
Example 1

There are N red balls and M white balls in an urn; we know that N+M=10. We draw T=3 times 
(putting the balls back after drawing them) and get R=2 red balls. How many red balls are there 
in the urn? 

GOAL: infer how many red balls there are given what we extract
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<latexit sha1_base64="SCUKrgPgyf62iw2xSJk5QIpFluY=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARhGKZEVE3QtGNG0sFe4G2lEzmTBuauZBklDLMU7jxVdy4UMStuPNtTNtZaOuBwJf/P4fk/E7EmVSW9W3kFhaXllfyq4W19Y3NLXN7pyHDWFCo05CHouUQCZwFUFdMcWhFAojvcGg6w6ux37wHIVkY3KlRBF2f9APmMUqUlnrmUccThCYd4WMBbjqBhwFTUBpf8QWe+tU0qZZu0p5ZtMrWpPA82BkUUVa1nvnVcUMa+xAoyomUbduKVDchQjHKIS10YgkRoUPSh7bGgPggu8lkrRQfaMXFXij0CRSeqL8nEuJLOfId3ekTNZCz3lj8z2vHyjvvJiyIYgUBnT7kxRyrEI8zwi4TQBUfaSBUMP1XTAdE56B0kgUdgj278jw0jsv2adm6PSlWLrM48mgP7aNDZKMzVEHXqIbqiKJH9Ixe0ZvxZLwY78bHtDVnZDO76E8Znz8R5p9L</latexit>

red

white + red
=

N

N +M

Probability of getting R red balls, 
i.e., the likelihood: 

Number of permutations of the R red balls amongst 
the T draws

<latexit sha1_base64="f7Pb0ZysB7J9IFTs/dfqNEbqu8Q=">AAACF3icbZDLSgMxFIYz9VbrbdSlm4xFaBHHmSLqplB047KW3qAdSibNtKGZC0lGKEPfwo2v4saFIm5159uYtrPQ1gMJH/9/Dsn53YhRIS3rW8usrK6tb2Q3c1vbO7t7+v5BU4Qxx6SBQxbytosEYTQgDUklI+2IE+S7jLTc0e3Ubz0QLmgY1OU4Io6PBgH1KEZSST3dLMOuxxFO6sYkKdTPakWjZkzKdYV2UV2lommaU/3ULp7XjJ6et0xrVnAZ7BTyIK1qT//q9kMc+ySQmCEhOrYVSSdBXFLMyCTXjQWJEB6hAekoDJBPhJPM9prAE6X0oRdydQIJZ+rviQT5Qox9V3X6SA7FojcV//M6sfSunYQGUSxJgOcPeTGDMoTTkGCfcoIlGytAmFP1V4iHSMUkVZQ5FYK9uPIyNEumfWla9xf5yk0aRxYcgWNQADa4AhVwB6qgATB4BM/gFbxpT9qL9q59zFszWjpzCP6U9vkDGA+aMg==</latexit>

=
T !

(T �R)!R!
= T (T � 1)(T � 2)...(T �R+ 1)/R!

Prob that R 
balls will be red

bimodal
distribution



BAYES’ THEOREM 
Example 1

There are N red balls and M white balls in an urn; we know that N+M=10. We draw T=3 times 
(putting the balls back after drawing them) and get R=2 red balls. How many red balls are there 
in the urn? 

GOAL: infer how many red balls there are given what we extract

Probability of red ball:
<latexit sha1_base64="SCUKrgPgyf62iw2xSJk5QIpFluY=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARhGKZEVE3QtGNG0sFe4G2lEzmTBuauZBklDLMU7jxVdy4UMStuPNtTNtZaOuBwJf/P4fk/E7EmVSW9W3kFhaXllfyq4W19Y3NLXN7pyHDWFCo05CHouUQCZwFUFdMcWhFAojvcGg6w6ux37wHIVkY3KlRBF2f9APmMUqUlnrmUccThCYd4WMBbjqBhwFTUBpf8QWe+tU0qZZu0p5ZtMrWpPA82BkUUVa1nvnVcUMa+xAoyomUbduKVDchQjHKIS10YgkRoUPSh7bGgPggu8lkrRQfaMXFXij0CRSeqL8nEuJLOfId3ekTNZCz3lj8z2vHyjvvJiyIYgUBnT7kxRyrEI8zwi4TQBUfaSBUMP1XTAdE56B0kgUdgj278jw0jsv2adm6PSlWLrM48mgP7aNDZKMzVEHXqIbqiKJH9Ixe0ZvxZLwY78bHtDVnZDO76E8Znz8R5p9L</latexit>

red

white + red
=

N

N +M

Probability of getting R red balls, 
i.e., the likelihood: 

Number of permutations of the R red balls amongst 
the T draws

<latexit sha1_base64="f7Pb0ZysB7J9IFTs/dfqNEbqu8Q=">AAACF3icbZDLSgMxFIYz9VbrbdSlm4xFaBHHmSLqplB047KW3qAdSibNtKGZC0lGKEPfwo2v4saFIm5159uYtrPQ1gMJH/9/Dsn53YhRIS3rW8usrK6tb2Q3c1vbO7t7+v5BU4Qxx6SBQxbytosEYTQgDUklI+2IE+S7jLTc0e3Ubz0QLmgY1OU4Io6PBgH1KEZSST3dLMOuxxFO6sYkKdTPakWjZkzKdYV2UV2lommaU/3ULp7XjJ6et0xrVnAZ7BTyIK1qT//q9kMc+ySQmCEhOrYVSSdBXFLMyCTXjQWJEB6hAekoDJBPhJPM9prAE6X0oRdydQIJZ+rviQT5Qox9V3X6SA7FojcV//M6sfSunYQGUSxJgOcPeTGDMoTTkGCfcoIlGytAmFP1V4iHSMUkVZQ5FYK9uPIyNEumfWla9xf5yk0aRxYcgWNQADa4AhVwB6qgATB4BM/gFbxpT9qL9q59zFszWjpzCP6U9vkDGA+aMg==</latexit>

=
T !

(T �R)!R!
= T (T � 1)(T � 2)...(T �R+ 1)/R!

Prob that R 
balls will be red Prob that T-R balls 

will not be red (i.e., 
will be white)

bimodal
distribution



BAYES’ THEOREM 
Example 1

There are N red balls and M white balls in an urn; we know that N+M=10. We draw T=3 times 
(putting the balls back after drawing them) and get R=2 red balls. How many red balls are there 
in the urn? 

GOAL: infer how many red balls there are given what we extract

Probability of red ball:
<latexit sha1_base64="SCUKrgPgyf62iw2xSJk5QIpFluY=">AAACFnicbZDLSgMxFIYz9VbrbdSlm2ARhGKZEVE3QtGNG0sFe4G2lEzmTBuauZBklDLMU7jxVdy4UMStuPNtTNtZaOuBwJf/P4fk/E7EmVSW9W3kFhaXllfyq4W19Y3NLXN7pyHDWFCo05CHouUQCZwFUFdMcWhFAojvcGg6w6ux37wHIVkY3KlRBF2f9APmMUqUlnrmUccThCYd4WMBbjqBhwFTUBpf8QWe+tU0qZZu0p5ZtMrWpPA82BkUUVa1nvnVcUMa+xAoyomUbduKVDchQjHKIS10YgkRoUPSh7bGgPggu8lkrRQfaMXFXij0CRSeqL8nEuJLOfId3ekTNZCz3lj8z2vHyjvvJiyIYgUBnT7kxRyrEI8zwi4TQBUfaSBUMP1XTAdE56B0kgUdgj278jw0jsv2adm6PSlWLrM48mgP7aNDZKMzVEHXqIbqiKJH9Ixe0ZvxZLwY78bHtDVnZDO76E8Znz8R5p9L</latexit>

red

white + red
=

N

N +M

Probability of getting R red balls, 
i.e., the likelihood: 

Number of permutations of the R red balls amongst 
the T draws

<latexit sha1_base64="f7Pb0ZysB7J9IFTs/dfqNEbqu8Q=">AAACF3icbZDLSgMxFIYz9VbrbdSlm4xFaBHHmSLqplB047KW3qAdSibNtKGZC0lGKEPfwo2v4saFIm5159uYtrPQ1gMJH/9/Dsn53YhRIS3rW8usrK6tb2Q3c1vbO7t7+v5BU4Qxx6SBQxbytosEYTQgDUklI+2IE+S7jLTc0e3Ubz0QLmgY1OU4Io6PBgH1KEZSST3dLMOuxxFO6sYkKdTPakWjZkzKdYV2UV2lommaU/3ULp7XjJ6et0xrVnAZ7BTyIK1qT//q9kMc+ySQmCEhOrYVSSdBXFLMyCTXjQWJEB6hAekoDJBPhJPM9prAE6X0oRdydQIJZ+rviQT5Qox9V3X6SA7FojcV//M6sfSunYQGUSxJgOcPeTGDMoTTkGCfcoIlGytAmFP1V4iHSMUkVZQ5FYK9uPIyNEumfWla9xf5yk0aRxYcgWNQADa4AhVwB6qgATB4BM/gFbxpT9qL9q59zFszWjpzCP6U9vkDGA+aMg==</latexit>

=
T !

(T �R)!R!
= T (T � 1)(T � 2)...(T �R+ 1)/R!

Prob that R 
balls will be red Prob that T-R balls 

will not be red (i.e., 
will be white)

prob(B) = prior: start with a uniformly distributed N with N in [0,N+M]

bimodal
distribution



T=5, R=3 
3 red balls out of 5 draws
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T=50, R=30 
30 red balls out of 50 draws
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NOTE: as the sample size increases, the distribution becomes narrower ==> las of large numbers 



Bayes’ theorem + probability as a measure of belief allows us to answer the question: given 
the data, what are the probabilities of the parameters contained in our statistical model?

NOTE: the prior is what we know apart from the data. Sometimes, this can have a dramatic 
effect on our inferences. Sometimes, for the prior, we even need a “probability of a probability”. 



BAYES’ THEOREM 
Example 2 - effect of prior / peak - mean

Calculate the supernova rate per century (    ) assuming we observe 4 supernovas on 10 centuries<latexit sha1_base64="dDlxrzrVlTUgbf2+gImzxq3/RPc=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+y/3OE9WGKfloJykNBR5JFjOCbS71daIG1Zpf9+dAqyQoSA0KNAfVr/5QkUxQaQnHxvQCP7XhFGvLCKezSj8zNMVkjEe056jEgppwOr91hs6cMkSx0q6kRXP198QUC2MmInKdAtvELHu5+J/Xy2x8E06ZTDNLJVksijOOrEL542jINCWWTxzBRDN3KyIJ1phYF0/FhRAsv7xK2hf14KruP1zWGrdFHGU4gVM4hwCuoQH30IQWEEjgGV7hzRPei/fufSxaS14xcwx/4H3+ACFSjkw=</latexit>⇢



BAYES’ THEOREM 
Example 2 - effect of prior / peak - mean

Calculate the supernova rate per century (    ) assuming we observe 4 supernovas on 10 centuries<latexit sha1_base64="dDlxrzrVlTUgbf2+gImzxq3/RPc=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+y/3OE9WGKfloJykNBR5JFjOCbS71daIG1Zpf9+dAqyQoSA0KNAfVr/5QkUxQaQnHxvQCP7XhFGvLCKezSj8zNMVkjEe056jEgppwOr91hs6cMkSx0q6kRXP198QUC2MmInKdAtvELHu5+J/Xy2x8E06ZTDNLJVksijOOrEL542jINCWWTxzBRDN3KyIJ1phYF0/FhRAsv7xK2hf14KruP1zWGrdFHGU4gVM4hwCuoQH30IQWEEjgGV7hzRPei/fufSxaS14xcwx/4H3+ACFSjkw=</latexit>⇢
<latexit sha1_base64="i8BewIooMyvezvKJ5YAXD66zqsI=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0lE1GPRi8cK9gOaUDbbTbt0Nxt2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8KOVMG8/7dtbWNza3tks75d29/YND9+i4pWWmCG0SyaXqRFhTzhLaNMxw2kkVxSLitB2N7md+e0yVZjJ5MpOUhgIPEhYzgo2Veq6bB0qgVMmoGqihvJj23IpX8+ZAq8QvSAUKNHruV9CXJBM0MYRjrbu+l5owx8owwum0HGSappiM8IB2LU2woDrM55dP0blV+iiWylZi0Fz9PZFjofVERLZTYDPUy95M/M/rZia+DXOWpJmhCVksijOOjESzGFCfKUoMn1iCiWL2VkSGWGFibFhlG4K//PIqaV3W/Oua93hVqd8VcZTgFM6gCj7cQB0eoAFNIDCGZ3iFNyd3Xpx352PRuuYUMyfwB87nDxRzk0w=</latexit>

prob(⇢) = uniform between 0 and 1 SNs per century (total ignorance)



BAYES’ THEOREM 
Example 2 - effect of prior / peak - mean

Calculate the supernova rate per century (    ) assuming we observe 4 supernovas on 10 centuries<latexit sha1_base64="dDlxrzrVlTUgbf2+gImzxq3/RPc=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+y/3OE9WGKfloJykNBR5JFjOCbS71daIG1Zpf9+dAqyQoSA0KNAfVr/5QkUxQaQnHxvQCP7XhFGvLCKezSj8zNMVkjEe056jEgppwOr91hs6cMkSx0q6kRXP198QUC2MmInKdAtvELHu5+J/Xy2x8E06ZTDNLJVksijOOrEL542jINCWWTxzBRDN3KyIJ1phYF0/FhRAsv7xK2hf14KruP1zWGrdFHGU4gVM4hwCuoQH30IQWEEjgGV7hzRPei/fufSxaS14xcwx/4H3+ACFSjkw=</latexit>⇢
<latexit sha1_base64="i8BewIooMyvezvKJ5YAXD66zqsI=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0lE1GPRi8cK9gOaUDbbTbt0Nxt2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8KOVMG8/7dtbWNza3tks75d29/YND9+i4pWWmCG0SyaXqRFhTzhLaNMxw2kkVxSLitB2N7md+e0yVZjJ5MpOUhgIPEhYzgo2Veq6bB0qgVMmoGqihvJj23IpX8+ZAq8QvSAUKNHruV9CXJBM0MYRjrbu+l5owx8owwum0HGSappiM8IB2LU2woDrM55dP0blV+iiWylZi0Fz9PZFjofVERLZTYDPUy95M/M/rZia+DXOWpJmhCVksijOOjESzGFCfKUoMn1iCiWL2VkSGWGFibFhlG4K//PIqaV3W/Oua93hVqd8VcZTgFM6gCj7cQB0eoAFNIDCGZ3iFNyd3Xpx352PRuuYUMyfwB87nDxRzk0w=</latexit>

prob(⇢) = uniform between 0 and 1 SNs per century (total ignorance)
<latexit sha1_base64="RzqD6tVqQxTL9z64IHCyD4+CHfE=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyURUZdFNy4r2Ac0oUwmk3boPMLMRCix4K+4caGIW7/DnX/jtM1CWw9cOJxzL/feE6WMauN5387S8srq2nppo7y5tb2z6+7tt7TMFCZNLJlUnQhpwqggTUMNI51UEcQjRtrR8Gbitx+I0lSKezNKSchRX9CEYmSs1HMP80BxmCoZVWNk0GOgBvJ03HMrXs2bAi4SvyAVUKDRc7+CWOKME2EwQ1p3fS81YY6UoZiRcTnINEkRHqI+6VoqECc6zKfnj+GJVWKYSGVLGDhVf0/kiGs94pHt5MgM9Lw3Ef/zuplJrsKcijQzRODZoiRj0Eg4yQLGVBFs2MgShBW1t0I8QAphYxMr2xD8+ZcXSeus5l/UvLvzSv26iKMEjsAxqAIfXII6uAUN0AQY5OAZvII358l5cd6dj1nrklPMHIA/cD5/ABq1lZQ=</latexit>

prob(data|⇢) = bimodal distribution, as in any century we can either 
get a supernova or we do not



BAYES’ THEOREM 
Example 2 - effect of prior / peak - mean

Calculate the supernova rate per century (    ) assuming we observe 4 supernovas on 10 centuries<latexit sha1_base64="dDlxrzrVlTUgbf2+gImzxq3/RPc=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+y/3OE9WGKfloJykNBR5JFjOCbS71daIG1Zpf9+dAqyQoSA0KNAfVr/5QkUxQaQnHxvQCP7XhFGvLCKezSj8zNMVkjEe056jEgppwOr91hs6cMkSx0q6kRXP198QUC2MmInKdAtvELHu5+J/Xy2x8E06ZTDNLJVksijOOrEL542jINCWWTxzBRDN3KyIJ1phYF0/FhRAsv7xK2hf14KruP1zWGrdFHGU4gVM4hwCuoQH30IQWEEjgGV7hzRPei/fufSxaS14xcwx/4H3+ACFSjkw=</latexit>⇢
<latexit sha1_base64="i8BewIooMyvezvKJ5YAXD66zqsI=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0lE1GPRi8cK9gOaUDbbTbt0Nxt2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8KOVMG8/7dtbWNza3tks75d29/YND9+i4pWWmCG0SyaXqRFhTzhLaNMxw2kkVxSLitB2N7md+e0yVZjJ5MpOUhgIPEhYzgo2Veq6bB0qgVMmoGqihvJj23IpX8+ZAq8QvSAUKNHruV9CXJBM0MYRjrbu+l5owx8owwum0HGSappiM8IB2LU2woDrM55dP0blV+iiWylZi0Fz9PZFjofVERLZTYDPUy95M/M/rZia+DXOWpJmhCVksijOOjESzGFCfKUoMn1iCiWL2VkSGWGFibFhlG4K//PIqaV3W/Oua93hVqd8VcZTgFM6gCj7cQB0eoAFNIDCGZ3iFNyd3Xpx352PRuuYUMyfwB87nDxRzk0w=</latexit>

prob(⇢) = uniform between 0 and 1 SNs per century (total ignorance)
<latexit sha1_base64="RzqD6tVqQxTL9z64IHCyD4+CHfE=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyURUZdFNy4r2Ac0oUwmk3boPMLMRCix4K+4caGIW7/DnX/jtM1CWw9cOJxzL/feE6WMauN5387S8srq2nppo7y5tb2z6+7tt7TMFCZNLJlUnQhpwqggTUMNI51UEcQjRtrR8Gbitx+I0lSKezNKSchRX9CEYmSs1HMP80BxmCoZVWNk0GOgBvJ03HMrXs2bAi4SvyAVUKDRc7+CWOKME2EwQ1p3fS81YY6UoZiRcTnINEkRHqI+6VoqECc6zKfnj+GJVWKYSGVLGDhVf0/kiGs94pHt5MgM9Lw3Ef/zuplJrsKcijQzRODZoiRj0Eg4yQLGVBFs2MgShBW1t0I8QAphYxMr2xD8+ZcXSeus5l/UvLvzSv26iKMEjsAxqAIfXII6uAUN0AQY5OAZvII358l5cd6dj1nrklPMHIA/cD5/ABq1lZQ=</latexit>

prob(data|⇢) = bimodal distribution, as in any century we can either 
get a supernova or we do not

<latexit sha1_base64="TQRpDelAHdfd4b6VdTpevQbksOA=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0lE1GPRi8cK9gPaUDabTbt0Nxt2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8MOVMG8/7dtbWNza3tks75d29/YND9+i4pWWmCG0SyaXqhFhTzhLaNMxw2kkVxSLktB2O7md+e0yVZjJ5MpOUBgIPEhYzgo2V+q6b95RAqZJhNcIGX0z7bsWreXOgVeIXpAIFGn33qxdJkgmaGMKx1l3fS02QY2UY4XRa7mWappiM8IB2LU2woDrI55dP0blVIhRLZSsxaK7+nsix0HoiQtspsBnqZW8m/ud1MxPfBjlL0szQhCwWxRlHRqJZDChiihLDJ5Zgopi9FZEhVpgYG1bZhuAvv7xKWpc1/7rmPV5V6ndFHCU4hTOogg83UIcHaEATCIzhGV7hzcmdF+fd+Vi0rjnFzAn8gfP5AwOzk0E=</latexit>

prob(data) from



BAYES’ THEOREM 
Example 2 - effect of prior / peak - mean

Calculate the supernova rate per century (    ) assuming we observe 4 supernovas on 10 centuries<latexit sha1_base64="dDlxrzrVlTUgbf2+gImzxq3/RPc=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+y/3OE9WGKfloJykNBR5JFjOCbS71daIG1Zpf9+dAqyQoSA0KNAfVr/5QkUxQaQnHxvQCP7XhFGvLCKezSj8zNMVkjEe056jEgppwOr91hs6cMkSx0q6kRXP198QUC2MmInKdAtvELHu5+J/Xy2x8E06ZTDNLJVksijOOrEL542jINCWWTxzBRDN3KyIJ1phYF0/FhRAsv7xK2hf14KruP1zWGrdFHGU4gVM4hwCuoQH30IQWEEjgGV7hzRPei/fufSxaS14xcwx/4H3+ACFSjkw=</latexit>⇢
<latexit sha1_base64="i8BewIooMyvezvKJ5YAXD66zqsI=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0lE1GPRi8cK9gOaUDbbTbt0Nxt2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8KOVMG8/7dtbWNza3tks75d29/YND9+i4pWWmCG0SyaXqRFhTzhLaNMxw2kkVxSLitB2N7md+e0yVZjJ5MpOUhgIPEhYzgo2Veq6bB0qgVMmoGqihvJj23IpX8+ZAq8QvSAUKNHruV9CXJBM0MYRjrbu+l5owx8owwum0HGSappiM8IB2LU2woDrM55dP0blV+iiWylZi0Fz9PZFjofVERLZTYDPUy95M/M/rZia+DXOWpJmhCVksijOOjESzGFCfKUoMn1iCiWL2VkSGWGFibFhlG4K//PIqaV3W/Oua93hVqd8VcZTgFM6gCj7cQB0eoAFNIDCGZ3iFNyd3Xpx352PRuuYUMyfwB87nDxRzk0w=</latexit>

prob(⇢) = uniform between 0 and 1 SNs per century (total ignorance)
<latexit sha1_base64="RzqD6tVqQxTL9z64IHCyD4+CHfE=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyURUZdFNy4r2Ac0oUwmk3boPMLMRCix4K+4caGIW7/DnX/jtM1CWw9cOJxzL/feE6WMauN5387S8srq2nppo7y5tb2z6+7tt7TMFCZNLJlUnQhpwqggTUMNI51UEcQjRtrR8Gbitx+I0lSKezNKSchRX9CEYmSs1HMP80BxmCoZVWNk0GOgBvJ03HMrXs2bAi4SvyAVUKDRc7+CWOKME2EwQ1p3fS81YY6UoZiRcTnINEkRHqI+6VoqECc6zKfnj+GJVWKYSGVLGDhVf0/kiGs94pHt5MgM9Lw3Ef/zuplJrsKcijQzRODZoiRj0Eg4yQLGVBFs2MgShBW1t0I8QAphYxMr2xD8+ZcXSeus5l/UvLvzSv26iKMEjsAxqAIfXII6uAUN0AQY5OAZvII358l5cd6dj1nrklPMHIA/cD5/ABq1lZQ=</latexit>

prob(data|⇢) = bimodal distribution, as in any century we can either 
get a supernova or we do not

<latexit sha1_base64="TQRpDelAHdfd4b6VdTpevQbksOA=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0lE1GPRi8cK9gPaUDabTbt0Nxt2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8MOVMG8/7dtbWNza3tks75d29/YND9+i4pWWmCG0SyaXqhFhTzhLaNMxw2kkVxSLktB2O7md+e0yVZjJ5MpOUBgIPEhYzgo2V+q6b95RAqZJhNcIGX0z7bsWreXOgVeIXpAIFGn33qxdJkgmaGMKx1l3fS02QY2UY4XRa7mWappiM8IB2LU2woDrI55dP0blVIhRLZSsxaK7+nsix0HoiQtspsBnqZW8m/ud1MxPfBjlL0szQhCwWxRlHRqJZDChiihLDJ5Zgopi9FZEhVpgYG1bZhuAvv7xKWpc1/7rmPV5V6ndFHCU4hTOogg83UIcHaEATCIzhGV7hzcmdF+fd+Vi0rjnFzAn8gfP5AwOzk0E=</latexit>

prob(data) from

posterior 
probability



BAYES’ THEOREM 
Example 2 - effect of prior / peak - mean

Calculate the supernova rate per century (    ) assuming we observe 4 supernovas on 10 centuries<latexit sha1_base64="dDlxrzrVlTUgbf2+gImzxq3/RPc=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+y/3OE9WGKfloJykNBR5JFjOCbS71daIG1Zpf9+dAqyQoSA0KNAfVr/5QkUxQaQnHxvQCP7XhFGvLCKezSj8zNMVkjEe056jEgppwOr91hs6cMkSx0q6kRXP198QUC2MmInKdAtvELHu5+J/Xy2x8E06ZTDNLJVksijOOrEL542jINCWWTxzBRDN3KyIJ1phYF0/FhRAsv7xK2hf14KruP1zWGrdFHGU4gVM4hwCuoQH30IQWEEjgGV7hzRPei/fufSxaS14xcwx/4H3+ACFSjkw=</latexit>⇢
<latexit sha1_base64="i8BewIooMyvezvKJ5YAXD66zqsI=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0lE1GPRi8cK9gOaUDbbTbt0Nxt2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8KOVMG8/7dtbWNza3tks75d29/YND9+i4pWWmCG0SyaXqRFhTzhLaNMxw2kkVxSLitB2N7md+e0yVZjJ5MpOUhgIPEhYzgo2Veq6bB0qgVMmoGqihvJj23IpX8+ZAq8QvSAUKNHruV9CXJBM0MYRjrbu+l5owx8owwum0HGSappiM8IB2LU2woDrM55dP0blV+iiWylZi0Fz9PZFjofVERLZTYDPUy95M/M/rZia+DXOWpJmhCVksijOOjESzGFCfKUoMn1iCiWL2VkSGWGFibFhlG4K//PIqaV3W/Oua93hVqd8VcZTgFM6gCj7cQB0eoAFNIDCGZ3iFNyd3Xpx352PRuuYUMyfwB87nDxRzk0w=</latexit>

prob(⇢) = uniform between 0 and 1 SNs per century (total ignorance)
<latexit sha1_base64="RzqD6tVqQxTL9z64IHCyD4+CHfE=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyURUZdFNy4r2Ac0oUwmk3boPMLMRCix4K+4caGIW7/DnX/jtM1CWw9cOJxzL/feE6WMauN5387S8srq2nppo7y5tb2z6+7tt7TMFCZNLJlUnQhpwqggTUMNI51UEcQjRtrR8Gbitx+I0lSKezNKSchRX9CEYmSs1HMP80BxmCoZVWNk0GOgBvJ03HMrXs2bAi4SvyAVUKDRc7+CWOKME2EwQ1p3fS81YY6UoZiRcTnINEkRHqI+6VoqECc6zKfnj+GJVWKYSGVLGDhVf0/kiGs94pHt5MgM9Lw3Ef/zuplJrsKcijQzRODZoiRj0Eg4yQLGVBFs2MgShBW1t0I8QAphYxMr2xD8+ZcXSeus5l/UvLvzSv26iKMEjsAxqAIfXII6uAUN0AQY5OAZvII358l5cd6dj1nrklPMHIA/cD5/ABq1lZQ=</latexit>

prob(data|⇢) = bimodal distribution, as in any century we can either 
get a supernova or we do not

<latexit sha1_base64="TQRpDelAHdfd4b6VdTpevQbksOA=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0lE1GPRi8cK9gPaUDabTbt0Nxt2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8MOVMG8/7dtbWNza3tks75d29/YND9+i4pWWmCG0SyaXqhFhTzhLaNMxw2kkVxSLktB2O7md+e0yVZjJ5MpOUBgIPEhYzgo2V+q6b95RAqZJhNcIGX0z7bsWreXOgVeIXpAIFGn33qxdJkgmaGMKx1l3fS02QY2UY4XRa7mWappiM8IB2LU2woDrI55dP0blVIhRLZSsxaK7+nsix0HoiQtspsBnqZW8m/ud1MxPfBjlL0szQhCwWxRlHRqJZDChiihLDJ5Zgopi9FZEhVpgYG1bZhuAvv7xKWpc1/7rmPV5V6ndFHCU4hTOogg83UIcHaEATCIzhGV7hzcmdF+fd+Vi0rjnFzAn8gfP5AwOzk0E=</latexit>

prob(data) from

posterior 
probability likelihood



BAYES’ THEOREM 
Example 2 - effect of prior / peak - mean

Calculate the supernova rate per century (    ) assuming we observe 4 supernovas on 10 centuries<latexit sha1_base64="dDlxrzrVlTUgbf2+gImzxq3/RPc=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+y/3OE9WGKfloJykNBR5JFjOCbS71daIG1Zpf9+dAqyQoSA0KNAfVr/5QkUxQaQnHxvQCP7XhFGvLCKezSj8zNMVkjEe056jEgppwOr91hs6cMkSx0q6kRXP198QUC2MmInKdAtvELHu5+J/Xy2x8E06ZTDNLJVksijOOrEL542jINCWWTxzBRDN3KyIJ1phYF0/FhRAsv7xK2hf14KruP1zWGrdFHGU4gVM4hwCuoQH30IQWEEjgGV7hzRPei/fufSxaS14xcwx/4H3+ACFSjkw=</latexit>⇢
<latexit sha1_base64="i8BewIooMyvezvKJ5YAXD66zqsI=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0lE1GPRi8cK9gOaUDbbTbt0Nxt2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8KOVMG8/7dtbWNza3tks75d29/YND9+i4pWWmCG0SyaXqRFhTzhLaNMxw2kkVxSLitB2N7md+e0yVZjJ5MpOUhgIPEhYzgo2Veq6bB0qgVMmoGqihvJj23IpX8+ZAq8QvSAUKNHruV9CXJBM0MYRjrbu+l5owx8owwum0HGSappiM8IB2LU2woDrM55dP0blV+iiWylZi0Fz9PZFjofVERLZTYDPUy95M/M/rZia+DXOWpJmhCVksijOOjESzGFCfKUoMn1iCiWL2VkSGWGFibFhlG4K//PIqaV3W/Oua93hVqd8VcZTgFM6gCj7cQB0eoAFNIDCGZ3iFNyd3Xpx352PRuuYUMyfwB87nDxRzk0w=</latexit>

prob(⇢) = uniform between 0 and 1 SNs per century (total ignorance)
<latexit sha1_base64="RzqD6tVqQxTL9z64IHCyD4+CHfE=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyURUZdFNy4r2Ac0oUwmk3boPMLMRCix4K+4caGIW7/DnX/jtM1CWw9cOJxzL/feE6WMauN5387S8srq2nppo7y5tb2z6+7tt7TMFCZNLJlUnQhpwqggTUMNI51UEcQjRtrR8Gbitx+I0lSKezNKSchRX9CEYmSs1HMP80BxmCoZVWNk0GOgBvJ03HMrXs2bAi4SvyAVUKDRc7+CWOKME2EwQ1p3fS81YY6UoZiRcTnINEkRHqI+6VoqECc6zKfnj+GJVWKYSGVLGDhVf0/kiGs94pHt5MgM9Lw3Ef/zuplJrsKcijQzRODZoiRj0Eg4yQLGVBFs2MgShBW1t0I8QAphYxMr2xD8+ZcXSeus5l/UvLvzSv26iKMEjsAxqAIfXII6uAUN0AQY5OAZvII358l5cd6dj1nrklPMHIA/cD5/ABq1lZQ=</latexit>

prob(data|⇢) = bimodal distribution, as in any century we can either 
get a supernova or we do not

<latexit sha1_base64="TQRpDelAHdfd4b6VdTpevQbksOA=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0lE1GPRi8cK9gPaUDabTbt0Nxt2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8MOVMG8/7dtbWNza3tks75d29/YND9+i4pWWmCG0SyaXqhFhTzhLaNMxw2kkVxSLktB2O7md+e0yVZjJ5MpOUBgIPEhYzgo2V+q6b95RAqZJhNcIGX0z7bsWreXOgVeIXpAIFGn33qxdJkgmaGMKx1l3fS02QY2UY4XRa7mWappiM8IB2LU2woDrI55dP0blVIhRLZSsxaK7+nsix0HoiQtspsBnqZW8m/ud1MxPfBjlL0szQhCwWxRlHRqJZDChiihLDJ5Zgopi9FZEhVpgYG1bZhuAvv7xKWpc1/7rmPV5V6ndFHCU4hTOogg83UIcHaEATCIzhGV7hzcmdF+fd+Vi0rjnFzAn8gfP5AwOzk0E=</latexit>

prob(data) from

posterior 
probability likelihood prior



BAYES’ THEOREM 
Example 2 - effect of prior / peak - mean

Calculate the supernova rate per century (    ) assuming we observe 4 supernovas on 10 centuries<latexit sha1_base64="dDlxrzrVlTUgbf2+gImzxq3/RPc=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+y/3OE9WGKfloJykNBR5JFjOCbS71daIG1Zpf9+dAqyQoSA0KNAfVr/5QkUxQaQnHxvQCP7XhFGvLCKezSj8zNMVkjEe056jEgppwOr91hs6cMkSx0q6kRXP198QUC2MmInKdAtvELHu5+J/Xy2x8E06ZTDNLJVksijOOrEL542jINCWWTxzBRDN3KyIJ1phYF0/FhRAsv7xK2hf14KruP1zWGrdFHGU4gVM4hwCuoQH30IQWEEjgGV7hzRPei/fufSxaS14xcwx/4H3+ACFSjkw=</latexit>⇢
<latexit sha1_base64="i8BewIooMyvezvKJ5YAXD66zqsI=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0lE1GPRi8cK9gOaUDbbTbt0Nxt2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8KOVMG8/7dtbWNza3tks75d29/YND9+i4pWWmCG0SyaXqRFhTzhLaNMxw2kkVxSLitB2N7md+e0yVZjJ5MpOUhgIPEhYzgo2Veq6bB0qgVMmoGqihvJj23IpX8+ZAq8QvSAUKNHruV9CXJBM0MYRjrbu+l5owx8owwum0HGSappiM8IB2LU2woDrM55dP0blV+iiWylZi0Fz9PZFjofVERLZTYDPUy95M/M/rZia+DXOWpJmhCVksijOOjESzGFCfKUoMn1iCiWL2VkSGWGFibFhlG4K//PIqaV3W/Oua93hVqd8VcZTgFM6gCj7cQB0eoAFNIDCGZ3iFNyd3Xpx352PRuuYUMyfwB87nDxRzk0w=</latexit>

prob(⇢) = uniform between 0 and 1 SNs per century (total ignorance)
<latexit sha1_base64="RzqD6tVqQxTL9z64IHCyD4+CHfE=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyURUZdFNy4r2Ac0oUwmk3boPMLMRCix4K+4caGIW7/DnX/jtM1CWw9cOJxzL/feE6WMauN5387S8srq2nppo7y5tb2z6+7tt7TMFCZNLJlUnQhpwqggTUMNI51UEcQjRtrR8Gbitx+I0lSKezNKSchRX9CEYmSs1HMP80BxmCoZVWNk0GOgBvJ03HMrXs2bAi4SvyAVUKDRc7+CWOKME2EwQ1p3fS81YY6UoZiRcTnINEkRHqI+6VoqECc6zKfnj+GJVWKYSGVLGDhVf0/kiGs94pHt5MgM9Lw3Ef/zuplJrsKcijQzRODZoiRj0Eg4yQLGVBFs2MgShBW1t0I8QAphYxMr2xD8+ZcXSeus5l/UvLvzSv26iKMEjsAxqAIfXII6uAUN0AQY5OAZvII358l5cd6dj1nrklPMHIA/cD5/ABq1lZQ=</latexit>

prob(data|⇢) = bimodal distribution, as in any century we can either 
get a supernova or we do not

<latexit sha1_base64="TQRpDelAHdfd4b6VdTpevQbksOA=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0lE1GPRi8cK9gPaUDabTbt0Nxt2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8MOVMG8/7dtbWNza3tks75d29/YND9+i4pWWmCG0SyaXqhFhTzhLaNMxw2kkVxSLktB2O7md+e0yVZjJ5MpOUBgIPEhYzgo2V+q6b95RAqZJhNcIGX0z7bsWreXOgVeIXpAIFGn33qxdJkgmaGMKx1l3fS02QY2UY4XRa7mWappiM8IB2LU2woDrI55dP0blVIhRLZSsxaK7+nsix0HoiQtspsBnqZW8m/ud1MxPfBjlL0szQhCwWxRlHRqJZDChiihLDJ5Zgopi9FZEhVpgYG1bZhuAvv7xKWpc1/7rmPV5V6ndFHCU4hTOogg83UIcHaEATCIzhGV7hzcmdF+fd+Vi0rjnFzAn8gfP5AwOzk0E=</latexit>

prob(data) from

posterior 
probability likelihood prior

We ascribe a probability distribution to      , in itself a probability. <latexit sha1_base64="dDlxrzrVlTUgbf2+gImzxq3/RPc=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+y/3OE9WGKfloJykNBR5JFjOCbS71daIG1Zpf9+dAqyQoSA0KNAfVr/5QkUxQaQnHxvQCP7XhFGvLCKezSj8zNMVkjEe056jEgppwOr91hs6cMkSx0q6kRXP198QUC2MmInKdAtvELHu5+J/Xy2x8E06ZTDNLJVksijOOrEL542jINCWWTxzBRDN3KyIJ1phYF0/FhRAsv7xK2hf14KruP1zWGrdFHGU4gVM4hwCuoQH30IQWEEjgGV7hzRPei/fufSxaS14xcwx/4H3+ACFSjkw=</latexit>⇢



Prior on     : a uniform prior is often too agnostic.<latexit sha1_base64="dDlxrzrVlTUgbf2+gImzxq3/RPc=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+y/3OE9WGKfloJykNBR5JFjOCbS71daIG1Zpf9+dAqyQoSA0KNAfVr/5QkUxQaQnHxvQCP7XhFGvLCKezSj8zNMVkjEe056jEgppwOr91hs6cMkSx0q6kRXP198QUC2MmInKdAtvELHu5+J/Xy2x8E06ZTDNLJVksijOOrEL542jINCWWTxzBRDN3KyIJ1phYF0/FhRAsv7xK2hf14KruP1zWGrdFHGU4gVM4hwCuoQH30IQWEEjgGV7hzRPei/fufSxaS14xcwx/4H3+ACFSjkw=</latexit>⇢

These two priors reflect the fact that in most experiments, we are 
expecting a yes or a no answer.



Prior on     : a uniform prior is often too agnostic.<latexit sha1_base64="dDlxrzrVlTUgbf2+gImzxq3/RPc=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+y/3OE9WGKfloJykNBR5JFjOCbS71daIG1Zpf9+dAqyQoSA0KNAfVr/5QkUxQaQnHxvQCP7XhFGvLCKezSj8zNMVkjEe056jEgppwOr91hs6cMkSx0q6kRXP198QUC2MmInKdAtvELHu5+J/Xy2x8E06ZTDNLJVksijOOrEL542jINCWWTxzBRDN3KyIJ1phYF0/FhRAsv7xK2hf14KruP1zWGrdFHGU4gVM4hwCuoQH30IQWEEjgGV7hzRPei/fufSxaS14xcwx/4H3+ACFSjkw=</latexit>⇢

These two priors reflect the fact that in most experiments, we are 
expecting a yes or a no answer.

NOTE: Assigning priors when our knowledge is rather vague can be quite difficult. Some 
obvious priors, uniform from -infinity to +infinity are NOT normalizable, hence they are trouble.



Prior on     : a uniform prior is often too agnostic.<latexit sha1_base64="dDlxrzrVlTUgbf2+gImzxq3/RPc=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+y/3OE9WGKfloJykNBR5JFjOCbS71daIG1Zpf9+dAqyQoSA0KNAfVr/5QkUxQaQnHxvQCP7XhFGvLCKezSj8zNMVkjEe056jEgppwOr91hs6cMkSx0q6kRXP198QUC2MmInKdAtvELHu5+J/Xy2x8E06ZTDNLJVksijOOrEL542jINCWWTxzBRDN3KyIJ1phYF0/FhRAsv7xK2hf14KruP1zWGrdFHGU4gVM4hwCuoQH30IQWEEjgGV7hzRPei/fufSxaS14xcwx/4H3+ACFSjkw=</latexit>⇢

These two priors reflect the fact that in most experiments, we are 
expecting a yes or a no answer.

NOTE: Assigning priors when our knowledge is rather vague can be quite difficult. Some 
obvious priors, uniform from -infinity to +infinity are NOT normalizable, hence they are trouble.

NOTE: How to characterize the posterior probability by a single number

1. Peak of the posterior probability (max[prob(B|A)])

2. Posterior mean

3. Unless the posterior distributions are very narrow, attempting to characterize them by a 
single number is misleading. How to best characterize them depends on what is to be 
done with the answer, which, in turn, depends on having a carefully posed question. 

<latexit sha1_base64="VrFV5ASIihgXcwt++kp9neL+OaU=">AAACIHicbVDLSgMxFM34tr6qLt0Ei1A3ZUbEulApunGpYG2hrSWTSdvQTDIkd4Qyjn/ixl9x40IR3enXmKldaOuBhHPPuZfkHj8S3IDrfjpT0zOzc/MLi7ml5ZXVtfz6xrVRsaasSpVQuu4TwwSXrAocBKtHmpHQF6zm988yv3bLtOFKXsEgYq2QdCXvcErASu18+aipe+oEH+Mml9BO3PQm8dIkE+/tHeJIK7+YlXcBAbKb4iAr0na+4JbcIfAk8UakgEa4aOc/moGiccgkUEGMaXhuBK2EaOBUsDTXjA2LCO2TLmtYKknITCsZLpjiHasEuKO0PRLwUP09kZDQmEHo286QQM+Me5n4n9eIoXPYSriMYmCS/jzUiQUGhbO0cMA1oyAGlhCquf0rpj2iCQWbac6G4I2vPEmu90reQcm93C9UTkdxLKAttI2KyENlVEHn6AJVEUUP6Am9oFfn0Xl23pz3n9YpZzSzif7A+foG74OjfQ==</latexit>

< ⇢ >=

Z 1

0
⇢ prob(⇢|data)d⇢



4 SNs in 10 centuries 
+ Jaynes prior 

peak=0.3754 
mean=0.4000



4 SNs in 10 centuries 
+ uniform prior 

peak=0.4004 
mean=0.4167



4 SNs in 10 centuries 
+ Haldane prior 

peak=0.3894 
mean=0.4091



4 SNs in 10 centuries 
+ uniform prior 

peak=0.4004 
mean=0.4167
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UNIFORM Distribution: 



BIMODAL Distribution: The bimodal distribution gives the chance of n successes in N 
trials, where the probability of a success at each trial is the 
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NOTE: The bimodal distribution is the parent population of the Poisson and Gaussian distributions.



BIMODAL DISTRIBUTION 
Example

Out of 100 clusters of galaxies, 10 contain a dominant central galaxy. We plan to check a 
different sample of 30 galaxies’ clusters selected with X-ray observations. How many do we 
expect to have a central dominant galaxy? 



peak=3 
mean=3 
sigma = 1.64
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⇢ << 1 (i.e., ⇢ ! 0)From the bimodal distribution, with                                                 
(i.e., very rare independent events) and a large number of trials 

Appropriate to describe small samples from large populations 
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The Poisson distribution plays its biggest role in the lives of astronomers via the photons with 
which we measure emission from our chosen objects. 

Poisson statistics governs the number of photons arriving during an exposure. The probability of 
a photon arriving in a fixed internal of time is often small. The arrival of successive photons are 
independent, hence the Poisson distribution applies.



POISSON Distribution: 
<latexit sha1_base64="sJ37k5YI51tHCsalg+Tev790UJU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1WoICERURddFN24rGAf0IQymU6aoZNMmJkopdQPcOOvuHGhiFv37vwbp2kW2nrgwuGce7n3Hj9hVCrb/jYKC4tLyyvF1dLa+sbmlrm905Q8FZg0MGdctH0kCaMxaSiqGGkngqDIZ6TlD64mfuuOCEl5fKuGCfEi1I9pQDFSWuqaB64IOaxWofNQoRaxjmEmuIL2Q4WE4PfQPuqaZduyM8B54uSkDHLUu+aX2+M4jUisMENSdhw7Ud4ICUUxI+OSm0qSIDxAfdLRNEYRkd4o+2YMD7XSgwEXumIFM/X3xAhFUg4jX3dGSIVy1puI/3mdVAUX3ojGSapIjKeLgpRBxeEkGtijgmDFhpogLKi+FeIQCYSVDrCkQ3BmX54nzRPLObPsm9Ny7TKPowj2wD6oAAecgxq4BnXQABg8gmfwCt6MJ+PFeDc+pq0FI5/ZBX9gfP4AAzyZpQ==</latexit>

⇢ << 1 (i.e., ⇢ ! 0)From the bimodal distribution, with                                                 
(i.e., very rare independent events) and a large number of trials 

Appropriate to describe small samples from large populations 

The Poisson distribution plays its biggest role in the lives of astronomers via the photons with 
which we measure emission from our chosen objects. 

Poisson statistics governs the number of photons arriving during an exposure. The probability of 
a photon arriving in a fixed internal of time is often small. The arrival of successive photons are 
independent, hence the Poisson distribution applies.



POISSON Distribution: 
<latexit sha1_base64="sJ37k5YI51tHCsalg+Tev790UJU=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1WoICERURddFN24rGAf0IQymU6aoZNMmJkopdQPcOOvuHGhiFv37vwbp2kW2nrgwuGce7n3Hj9hVCrb/jYKC4tLyyvF1dLa+sbmlrm905Q8FZg0MGdctH0kCaMxaSiqGGkngqDIZ6TlD64mfuuOCEl5fKuGCfEi1I9pQDFSWuqaB64IOaxWofNQoRaxjmEmuIL2Q4WE4PfQPuqaZduyM8B54uSkDHLUu+aX2+M4jUisMENSdhw7Ud4ICUUxI+OSm0qSIDxAfdLRNEYRkd4o+2YMD7XSgwEXumIFM/X3xAhFUg4jX3dGSIVy1puI/3mdVAUX3ojGSapIjKeLgpRBxeEkGtijgmDFhpogLKi+FeIQCYSVDrCkQ3BmX54nzRPLObPsm9Ny7TKPowj2wD6oAAecgxq4BnXQABg8gmfwCt6MJ+PFeDc+pq0FI5/ZBX9gfP4AAzyZpQ==</latexit>

⇢ << 1 (i.e., ⇢ ! 0)From the bimodal distribution, with                                                 
(i.e., very rare independent events) and a large number of trials 

Appropriate to describe small samples from large populations 

The Poisson distribution plays its biggest role in the lives of astronomers via the photons with 
which we measure emission from our chosen objects. 

Poisson statistics governs the number of photons arriving during an exposure. The probability of 
a photon arriving in a fixed internal of time is often small. The arrival of successive photons are 
independent, hence the Poisson distribution applies.





GAUSSIAN Distribution: 



GAUSSIAN Distribution: 



GAUSSIAN Distribution: 

The probability that the value of a random observation 
will fall within the interval dx around x is prob(x)dx



GAUSSIAN Distribution: 

The probability that the value of a random observation 
will fall within the interval dx around x is prob(x)dx



GAUSSIAN Distribution: 

The probability that the value of a random observation 
will fall within the interval dx around x is prob(x)dx

The Gaussian distribution displays the characteristic bell shape and symmetry about the mean. 



GAUSSIAN Distribution: 

The probability that the value of a random observation 
will fall within the interval dx around x is prob(x)dx

The Gaussian distribution displays the characteristic bell shape and symmetry about the mean. 



1sig 1sig 2sig 3sig 4sig 5sig2sig3sig4sig5sig







Lorentzian Distribution





Power Law distribution




