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C O M P L I C A T I O N S

4v .  g e n n a r i

• o u r  d e t e c t o r  i s  n o t  p e r f e c t

• m e a s u r e m e n t  u n c e r t a i n t y  

• s e l e c t i o n  e f f e c t s

• w e  a i m  a t  r e c o n s t r u c t i n g  t h e  
a s t r o p h y s i c a l  d i s t r i b u t i o n
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( n o t  k n o w n  i n  a d v a n c e ! )
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C O S M O L O G Y

o b s e r v e d  m a s s e s  a r e  r e d s h i f t e d  b e c a u s e  o f  c o s m o l o g y

n o  c o s m o l o g y c o s m o l o g y  H0 > 0
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6v .  g e n n a r i

S P E C T R A L  S I R E N S

w e  c a n  i n f e r  c o s m o l o g y  f r o m  t h e  t h e  p o p u l a t i o n  f e a t u r e s

o b s e r v e d  d i s t r i b u t i o n

r
e

d
s

h
i

f
t

a s t r o p h y s i c a l  d i s t r i b u t i o n

v a r y i n g  c o s m o l o g y
* t h e r e  i s  a l s o  a  
d i l a t i o n  i n  r e d s h i f t



2 .  t h e  c a t a l o g
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v .  g e n n a r i

T H E  Q 3 d  C A T A L O G

8

• ~ 7 0 0  e v e n t s  f o r  9 0 y r s  o f  L I S A  

• ~ 3 0  e v e n t s  f o r  a  4 y r s  m i s s i o n  

• m a s s e s  s p a n n i n g  l a r g e  r a n g e  

• e v e n t s  u p  t o  v e r y  h i g h  r e d s h i f t

• h i e r a r c h i c a l  i n f e r e n c e  

• w e l l  m e a s u r e d  p a r a m e t e r s  

• a l m o s t  n o  s e l e c t i o n  e f f e c t s       

( o n l y  1 2  e v e n t s  w i t h  S N R < 2 0 )
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C H O O S I N G  T H E  M O D E L

n e e d  t o  f i n d  a  s u i t a b l e  
p a r a m e t r i z a t i o n  f o r  t h e  d a t a  

• d o n ’ t  k n o w  t h e  m o d e l  i n  a d v a n c e  

• i t  w i l l  n e v e r  b e  p e r f e c t

1 D  f i t s  o f  t h e  d a t a
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3 .  t h e  i n f e r e n c e
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Q 3 d  I N F E R E N C E  9 0 y r s

• r e c o n s t r u c t e d  d i s t r i b u t i o n s  

a g r e e  w i t h  d a t a  

• p o p u l a t i o n  p a r a m e t e r s  a g r e e  

w i t h  1 - d i m e n s i o n a l  f i t s  

• p o s t e r i o r s  w e l l  m e a s u r e d
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C O S M O L O G Y ?
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Q 3 d  R E D S H I F T  E V O L U T I O N

• r i c h e r  u n m o d e l l e d  s t r u c t u r e  c a n  

b i a s  t h e  i n f e r e n c e  

• p r o b a b l y  n e e d  m o r e  f l e x i b l e  

m e t h o d s

n o b o d y  i s  p e r f e c t ,  e s p e c i a l l y  o u r  

p a r a m e t r i z e d  m o d e l



4 .  s i m u l a t i o n s
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1 0  r e a l i z a t i o n s  o f  4  y e a r s

H0 [km/s/Mpc] = 69.61+13.82
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• v e r y  f e w  e v e n t s  

• o n l y  o n e ,  v e r y  w i d e  f e a t u r e  

• t h e  d i s t r i b u t i o n  w e a k l y  

d e p e n d s  o n  c o s m o l o g y

u n i n f o r m a t i v e  c o n s t r a i n t s  o n  H 0
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1 0  r e a l i s a t i o n s  o f  1 0 0 0 0  e v e n t s  Q 3 d - l i k e

17
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5 .  c o n c l u s i o n s



v .  g e n n a r i

C O N C L U S I O N S

• w e  i m p l e m e n t e d  a n d  t e s t e d  p o p u l a t i o n  m o d e l s  f o r  M B H s  

• f i r s t  r e a l i s t i c  p o p u l a t i o n  a n a l y s i s  

• f i r s t  r e a l i s t i c  c o s m o l o g i c a l  a n a l y s i s  f r o m  t h e  p o p u l a t i o n  

• u n a b l e  t o  m e a s u r e  H 0  w i t h  t h e  r e a l i s t i c  c a t a l o g  

• i n t r i n s i c  s t r u c t u r e  p r e v e n t  u n b i a s e d  a n a l y s i s  

• n e e d  t o  f i n d  d e v e l o p  m o r e  f l e x i b l e  s t r a t e g i e s  

• p o o r  c o n s t r a i n t s  o n  H 0  f r o m  s i m u l a t i o n s  

• i n t r i n s i c  l i m i t a t i o n s  d u e  t o  t h e  d i s t r i b u t i o n  s h a p e  

• a d d i t i o n a l  f e a t u r e  w i l l  m a k e  t h e  a n a l y s i s  m o r e  i n f o r m a t i v e  

20



b a c k u p  s l i d e s
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H I E R A R C H I C A L  L I K E L I H O O D

w i t h  o b s e r v e d  r a t e  i n  t h e  d e t e c t o r  f r a m e

I M P O R T A N T

w e  a s s u m e   t o  b e  u n c o r r e l a t e d  o n  a  p o p u l a t i o n  l e v e l(m1, q, z)

22

t h e  h i e r a r c h i c a l  l i k e l i h o o d  i s

p o p u l a t i o n  m o d e l

p r i m a r y m a s s  r a t i o r e d s h i f t
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I C A R O G W  S E T T I N G S

• i n j e c t i o n s  ( f o r  s e l e c t i o n  e f f e c t s )  

•  i n j e c t i o n s  

•  f o r  d e t e c t i o n  

• h i e r a r c h i c a l  a n a l y s i s  

• w e  u s e  I C A R O G W  

• s a m p l e r :  n e s s a i  w i t h  2 0 0 0  l i v e  p o i n t s  

•  f o r  n u m e r i c a l  s t a b i l i t y

106

SNR > 20

Neff,inj /(4 * Nevents) > 1

23
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Q 3 d  M O D E L  S E L E C T I O N

24
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P O P U L A T I O N  M O D E L

• d o u b l e  p o w e r l a w  ( D P L )

p(x, α, β, mb, δ) =
1

norm
{[1 − σ(x)] xα + σ(x) x−β mα−β

b }

25

p(log10 m1,s)

p r i m a r y  m a s s
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σ(x) =
1

1 + e
mb − x

δ

p(y, a, b, λ) =
b

λ y2 + 1
N(ξ(y),0,1)

• j o h n s o n  d i s t r i b u t i o n  ( J D )

N(ξ(y),0,1) =
1

2π
e− ξ2(y)

2 , ξ(y) = a + b ln(y + y2 + 1), y =
x − loc

λ

a = 0.79, b = 1.03,

mb = 5.74, δ = 0.08
α = 8.07, β = 25.05,

loc = 5.79, λ = 0.34
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P O P U L A T I O N  M O D E L

26

• g a m m a  d i s t r i b u t i o n

p(x, a, θ) =
θaxa−1e−θx

Γ(a)
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• b e t a  d i s t r i b u t i o n

p(y, a, b) =
Γ(a + b) ya−1 (1 − y)b−1

Γ(a) Γ(b)

a = 1.0, θ = 0.3

a = 2.38, b = 6.47,
loc = 0.25, λ = 14.81
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Q 3 n d  C A T A L O G

27

• ~ 1 0 2 0 0  e v e n t s  f o r  9 0 y r s  o f  L I S A  

• ~ 1 1 0  e v e n t s  f o r  a  4 y r s  m i s s i o n  

• m a s s e s  s p a n n i n g  l a r g e  r a n g e  

• e v e n t s  u p  t o  e x t r e m e l y  h i g h  r e d s h i f t

• h i e r a r c h i c a l  i n f e r e n c e  

• w e l l  m e a s u r e d  p a r a m e t e r s  

• m i l d  s e l e c t i o n  e f f e c t s                    

( 4 3 4  e v e n t s  w i t h  S N R < 2 0 ,  ~ 4 % )
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P O P U L A T I O N  M O D E L  Q 3 n d

28
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P o p 3  C A T A L O G
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• ~ 1 2 0 0  e v e n t s  f o r  9 0 y r s  o f  L I S A  

• ~ 5 0  e v e n t s  f o r  a  4 y r s  m i s s i o n  

• l o w  m a s s e s  c o m p a r e d  t o  Q 3 d / Q 3 n d  

• e v e n t s  u p  t o  e x t r e m e l y  h i g h  r e d s h i f t

• h i e r a r c h i c a l  i n f e r e n c e  

• p r o b l e m s  a t  l o w  m a s s e s  

• h e a v y  s e l e c t i o n  e f f e c t s                    

( 1 4 0 0 0  e v e n t s  w i t h  S N R < 2 0 ,  ~ 9 0 % )
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j o h n s o n  p r e f e r r e d  o v e r  D P L

b e t a  p r e f e r r e d  o v e r  g a m m a

s a m e  a s  Q 3 d  w i t h  m o r e  s p i k e s
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5  r e a l i s a t i o n s  o f  t h e  s a m e  p o p u l a t i o n  

( 1 0 0 0  e v e n t s )

• p o o r  c o n s t r a i n t s  o n  H 0  

• i n c r e a s i n g  t h e  n u m b e r  o f  

s i m u l a t i o n s
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