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Slides	from	Keith	Arnaud	
Source:	hOp://slideplayer.com/slide/9361524/	
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Take	a	real	staHsHc	class!!!	

Summer	School	in	StaHsHcs	for	Astronomers:	
h=p://astrostaHsHcs.psu.edu/su17/	



Basic	sta$s$cal	terms	

•  Mean	(average):	
•  Mean	of	squares:		
•  Variance:	

•  Standard	devia$on	σ	=	sqrt(variance)	
•  Degrees	of	freedom		
				=	number	of	data	–	number	of	variables	
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Poisson	distribu$on	
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Uncertainty	in		
the	measurement	



Gaussian	distribu$on	

•  When	the	number	of	data	(μ)	is	large,		
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Detec$on	significance		
vs	false-detec$on	rate	

Source:	hOps://kanbanize.com/blog/normal-gaussian-distribu$on-over-cycle-$me/	
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Source:	hOp://www.statsref.com/HTML/index.html?normal_distribu$on.html	
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Detec$on	significance		
vs	false-detec$on	rate	

Source:	hOp://www.statsref.com/HTML/index.html?normal_distribu$on.html	
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2.1%	of	the	area	
à  In	a	sample	of	100	events,		
						the	expected	number	of	2σ	detec$on		
						just	from	the	background	is	2.1	$mes.			
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Only	related	to	data,	not	model	
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Maximize	this	term	

Minimize	this	term	 =	−	 χ2	

σ2:	variance	
σ:	standard	devia$on,	uncertainty,	error	

μ:	average,	mean,		
				expected	value	from	the	model	x:	data,	measurement	
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Data	fihng	
Maximum	Likelihood	as	es$ma$on	for	data		

with	Gaussian	distribu$on	

Model	=	ax	+	b	à	2	parameters	
Number	of	data:	9	
Degree	of	freedom	=	9-2	=	7	



Chi-square	distribu$on	

x:	value	of	χ2	
k:	degree	of	freedom	

k	

•  If	χ2	is	a	sum	of	the	squares	of	independent	normal/Gaussian	random	variables.	

à	IF	you	have	enough	data	points,	the	reduced	χ2	=	χ2/k	～	1	


