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Why statistics?

Mentions of "statistic” in Astronomy
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Most astronomers and physicists don't
understand statistics

Suppose you derive a 90% confidence region on some parameter of
interest. What does this mean ?

Does it tell you that there is a probability of 0.9 that the true value of
the parameter lies in the range calculated ?

Slides from Keith Arnaud
Source: http://slideplayer.com/slide/9361524/



Be careful with statistics analysis

Global Average Temperature Vs. Number of Pirates
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Be careful with statistics analysis

Internet Explorer vs Murder Rate
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Be careful with statistics analysis

Internet Explorer vs Murder Rate
18,000 90%

Take a real statistic class!!!
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Be careful with statistics analysis

Internet Explorer vs Murder Rate
18,000 90%

Take a real statistic class!!!

Summer School in Statistics for Astronomers:
http://astrostatistics.psu.edu/sul7/
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Basic statistical terms

* Mean (average): H E< ) = /XP(X)dX
* Mean of squares: < 2y = /'xZP(x)gix
* Variance: Var( )E o2 (X—,Ll,)2> _ /(X—u)zp(X)dX
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= () -u
e Standard deviation o = sgrt(variance)

* Degrees of freedom
= number of data - number of variables



Basic statistical term

Mean (average): # =
Mean of squares:

Variance: Var(x) = o

Credit: M.A. Thomson

P(x) 1

u

X0

Standard deviation o = sqgrt(variance)

Degrees of freedom

= number of data - number of variables




Poisson distribution

* Most of the high-energy instruments simply
count photons = Poisson distribution

* Poisson distribution:
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Poisson distribution

* Most of the high-energy instruments simply
count photons = Poisson distribution
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Gaussian distribution

* When the number of data (u) is large,

Poisson distribution Gaussian distribution
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Gaussian distribution

* When the number of data (u) is large,

Poisson distribution Gaussian distribution
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Detection significance
vs false-detection rate

Source: https://kanbanize.com/blog/normal-gaussian-distribution-over-cycle-time/



Detection significance
vs false-detection rate
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Detection significance
vs false-detection rate
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o = In a sample of 100 events,

the expected number of 2o detection
just from the background is 2.1 times.
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Data fitting
Maximum Likelihood as estimation for data
with Gaussian distribution

The model parameters that have the best-chance to explain the observed data

 The likelihood function:

L(6) = [ [ p(z::9

The probability of measuring x, given a model 6
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Data fitting
Maximum Likelihood as estimation for data
with Gaussian distribution

The model parameters that have the best-chance to explain the observed data

 The likelihood function:

L(6) = [[ p(=:: )
i=1 S~

The probability of measuring x, given a model 6

* |f all your data have Gaussian distribution
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Data fitting
Maximum Likelihood as estimation for data
with Gaussian distribution

The model parameters that have the best-chance to explain the observed data

 The likelihood function:

L(6) = [[ pla:;0)

The probability of measuring x, given a model 6

* |f all your data have Gaussian distribution
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Data fitting
Maximum Likelihood as estimation for data
with Gaussian distribution

The model parameters that have the best-chance to explain the observed data

 The likelihood function:

L(6) = [[ p(=:: )
i=1 S~

The probability of measuring x, given a model 6

* |f all your data have Gaussian distribution
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Data fitting
Maximum Likelihood as estimation for data
with Gaussian distribution

The model parameters that have the best-chance to explain the observed data
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Data fitting
Maximum Likelihood as estimation for data
with Gaussian distribution

The model parameters that have the best-chance to explain the observed data
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Data fitting
Maximum Likelihood as estimation for data
with Gaussian distribution

The model parameters that have the best-chance to explain the observed data

I Maximize this term I__>— Z #z) ‘

!l u: average, mean,
x: data, measurement expected value from the mod
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Data fitting
Maximum Likelihood as estimation for data
with Gaussian distribution
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Data fitting
Maximum Likelihood as estimation for data
with Gaussian distribution
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Data fitting
Maximum Likelihood as estimation for data
with Gaussian distribution
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Chi-square distribution

* If x2 is a sum of the squares of independent normal/Gaussian random variables.

% -1 — % fo(s)-- ' =1

Z e | T k72

f(m- k) — & k 0.31 = ifg

| 27 (}) |
0, otherwise.

X: value of x?
k: degree of freedom

(T) = k

= IF you have enough data points, the reduced y? = y*/k ~ 1



