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Overview	

Some	candidate	events	like	LVT151012	have	low	Signal-to-
Noise	raAos	which	fall	within	the	background	distribuAon	



Overview	

Can	the	Bayes	factor	help	increase	the	detecAon	
confidence	for	binary	black	hole	systems?	



DetecAon	StaAsAc	

Search	results	from	the	two	binary	coalescence	searches	using	a	
combined	matched	filtering	signal-to-noise	raAo	
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Search	results	from	the	two	binary	coalescence	searches	using	a	
combined	matched	filtering	signal-to-noise	raAo	



DetecAon	StaAsAc	

Some	events	
stand	out	from	
background	

Search	results	from	the	two	binary	coalescence	searches	using	a	
combined	matched	filtering	signal-to-noise	raAo	



DetecAon	StaAsAc	

Some	events	
stand	out	from	
background	

Some	events	
fall	along	the	
background	

Search	results	from	the	two	binary	coalescence	searches	using	a	
combined	matched	filtering	signal-to-noise	raAo	



A	Gentle	IntroducAon		
-	Bayesian	StaAsAcs	



Bayesian	StaAsAcs		

P(H | D)  =  
P(D | H)    P(H) 
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Bayesian	StaAsAcs	



Bayesian	StaAsAcs	

HYPOTHESITIS



Bayesian	StaAsAcs	
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P(H)   =	  you have 
hypothesitis
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Bayesian	StaAsAcs	

P(H | S)  =  
P(S | H)    P(H) 

P(S) 

P(	You	Can	Get	HypothesiAs)	

P	(You	Can	Get	the	Symptoms)		



Bayesian	StaAsAcs	

HYPOTHESITIS
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Bayesian	StaAsAcs	

HYPOTHESITIS

P(H)   =	  you have 
hypothesitis

=   0.00001	

P(S|H)  = 	
Probability of 

symptoms given 
the Hypothesis 

=   0.95 	

P(S)  = 	
The Evidence, or 
probability of 

having symptoms
=   0.01	



Bayesian	StaAsAcs	

P(H | S)  =  
(0.95) (0.00001) 

(0.01) 

P(H | E)  =  0.00095 



Bayesian	StaAsAcs	



Bayesian	StaAsAcs	

Helps	compare	different	models!		



Models	in	GW		
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Hypothesis	2	:	data	=	Gaussian	Noise	

Hypothesis	1	:	data	=	Gaussian	Noise	+	GW	Strain	



Bayesian	StaAsAcs	

Parameter	esAmaAon	is	what	we	normally	do	
And	using	parameter	esAmaAon	for	mulAple	sets	of	data	we	get	model	selecAon	



Bayesian	StaAsAcs	

Parameter	esAmaAon	is	what	we	normally	do	
And	using	parameter	esAmaAon	for	mulAple	sets	of	data	we	get	model	selecAon	

Product	calculated	for	every	set	of	parameters,	Θ	
(	parameters	like	masses,	spins	etc	of	black	holes	)	



Bayes	Factor	vs	SNR	
Bayes	Factor		

•  Calculated	using	enAre	set	of	parameters		(all	possible	templates)	
•  Takes	into	account	spins	orientaAons,	and	magnitudes		



Bayes	Factor	vs	SNR	
Bayes	Factor		

•  Calculated	using	enAre	set	of	parameters		(all	possible	templates)	
•  Takes	into	account	spins	orientaAons,	and	magnitudes		

All	Parameters	Considered	



Bayes	Factor	vs	SNR	
Signal	to	Noise	RaAo	

•  Maximum	Likelihood	EsAmator		(uses	one	template)	
•  Does	not	consider	spins	orientaAons,	and	magnitudes		



Bayes	Factor	vs	SNR	
Signal	to	Noise	RaAo	

•  Maximum	Likelihood	EsAmator		(uses	one	template)	
•  Does	not	consider	spins	orientaAons,	and	magnitudes		

One	set	of	Parameters	Considered		



Project	MoAvaAons	

Bayes	Factor	may	prove	to	be	more	robust	than	the	SNR		



Project	MoAvaAons	

Bayes it bruh 

Bayes	Factor	may	prove	to	be	more	robust	than	the	SNR		



Project	Goals	

Can	we	use	the	Bayes	factor	as	a	detecAon	staAsAc?	

Bayes it bruh 
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Obtaining	the	Bayes	Factor	

Ln	Bayes	Factors	-	GW	signals:	
			GW150914	–	289.8	±	0.3	
			GW151226	–			60.2	±	0.2	
			LVT151012	–				23.0	±	0.1	
	Values	in	~10’s	range	
	

Once	we	run	Parameter	EsAmaAons	for	the	events,	we	can	
calculate	the	Bayes	Factor	

Ln	Bayes	Factors	-	Noise:	
Values	in	~1’s	range	



GeneraAng	Background	Data	

Hanford	Strain	
Data	

Livingston	Strain	
Data	

TIME	

Coherent	Data	



Hanford	Strain	
Data	

Livingston	Strain	
Data	

TIME	

Incoherent	Time	Shimed	Data	

Time	Shim			>		light	travel	Ame		

GeneraAng	Background	Data	



GeneraAng	Background	Data	

False	Alarm	Rate	Plooed	Against	The	SNR	

Lower	the	FAR,	
louder	and	

rarer	the	event	



Bayes	Factor	Results	

Bayes	Factor	as		a	DetecAon	StaAsAc,	using	only	Coalescing	
Binary	Back	Hole	Templates		
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Bayes	Factor	as		a	DetecAon	StaAsAc,	using	only	Coalescing	
Binary	Back	Hole	Templates		



Bayes	Factor	Results	

Bayes	Factor	as		a	DetecAon	StaAsAc,	using	only	Coalescing	
Binary	Back	Hole	Templates		

Y	U	DO	DIS	
	
	
	
	
	

BAYES	FACTOR?	



Issue	with	Bayes	Factor	

Real	GW	Spectogram	



Issue	with	Bayes	Factor	

Real	GW	Spectogram	

Glitch	Spectograms	
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Hypothesis	2	:	data	=	Gaussian	Noise	

Hypothesis	1	:	data	=	Gaussian	Noise	+	GW	Strain	

Issue	with	Bayes	Factor	



Issue	with	Bayes	Factor	
A	glitch	in	one	detector’s	data	inflates	the	Coherent	Bayes	Factor	

Livingston’s	Strain	Data*	 Hanford’s	Strain	Data*	

*	Figures	are	not	real,	Numbers	are	

Coherent	Bayes	Factor	=	142.82	
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Issue	with	Bayes	Factor	
A	glitch	in	one	detector’s	data	inflates	the	Coherent	Bayes	Factor	

Livingston’s	Strain	Data*	 Hanford’s	Strain	Data*	

Incoherent	Bayes	factor	=	0.91	 Incoherent	Bayes	factor	=	152.58	

*	Figures	are	not	real,	Numbers	are	

Coherent	Bayes	Factor	=	142.82	
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Bayes	Coherence	RaAo	

The	Bayes	Coherence	RaAo	Reduces	the	error	
that	appears	in	the	Coherent	Bayes	Factor		

Empirically	we	found	this	usefull	
	
We	can		

Compute	numberator	–	not	sensiive	at	all.	
	
Introduce	idea	of	incoherent	analysis	
	
Explain	how	the	Bayes	CR			

Show	plots	with	the	Bayes	Factor	to	help	explain	with	the	Bay		

R 



Bayes	Coherence	RaAo	

Empirically	we	found	this	usefull	
	
We	can		

Compute	numberator	–	not	sensiive	at	all.	
	
Introduce	idea	of	incoherent	analysis	
	
Explain	how	the	Bayes	CR			

Show	plots	with	the	Bayes	Factor	to	help	explain	with	the	Bay		

=  
(0.91) + (152.58) 

142.82 

0. 93 =  

COHERENT	BAYES	FACTOR	

SUM	OF	BOTH	
DETECTOR’S	
BAYES	
FACTORS	
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Results	for	Bayes	Coherent	RaAo	

Bayes	Coherence	RaAo	as	a	DetecAon	StaAsAc	

(6.7	x	1011	,		10-10	)		

OUTLIER	



AddiAonal	InformaAon	Available	
We	have	a	lot	of	
addiAonal	informaAon	
that	we	could	potenAally	
use	to	disAnguish	the	
outlier	as	a	glitch			

L1		opAmal	SNR	:		17.2	
H1	opAmal	SNR	:		2.6	



Comparing	DetecAon	StaAsAcs	

Bayes	Coherence	
RaAo	as		a	

DetecAon	StaAsAc	

Signal-to-Noise	
RaAo	as		a	

DetecAon	StaAsAc	



Conclusions	and	Future	Work	

•  Study	the	low	FAR	background	events		
•  Determine	if	BCR	can	be	used	in	addiAon	
with	SNR	as	a	detecAon	staAsAc		

•  Expand	the	work	for	more	mass	bins	
•  Repeat	the	Study	with	Binary	Neutron	Star	
Signals	
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