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Cosmology with gravitational waves
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Cosmology with gravitational waves

*lcaroGW
|« Redshift information from source frame mass

distribution

*GWcosmo
|« Assumption: GW sources in galaxies
| o Statistical redshift association from galaxy
catalogs

'Redshift |
I, information |

(2) = (1 +Z)C[ dz

o [L(1 +2)° + Q)]




Gravitational wave parameters

Source frame masses Detector frame masses
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 GW frequency is shifted to lower values by the
expansion

; \ Observer

* Individual GW signal carries no redshift information



Source frame population

 Assumption of mass model — statistical measurement

of redshift
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StatiSticaI frameWOrk Of ICarOGW (Mastrogiovanni et al. 2703.14663)

* Bayesian analysis with selection effects (Viandel et al. 1809.02063, Thrane and Talbot 1809.02293, Vitale

et al. 2007.05579)
ﬁ f ' Ppop (9 J |A) do j
f Pdet (05) Ppop (05]A)d0;

« Metaparameters A : population parameters, cosmological parameters, ...

p(Af{z}) oc p(A)

7=1

« GW data {x}

. Source parameters 0 = {m1(,dz)’ dLGW, .

« GW likelihood , obtained from posterior samples
» Population assumption p (6| A)

« Detection probability p;..(0)



StatiSticaI frameWOrk Of ICarOGW (Mastrogiovanni et al. 2703.14663)

* Bayesian analysis with selection effects (Viandel et al. 1809.02063, Thrane and Talbot 1809.02293, Vitale
et al. 2007.05579)
N obs (1O
H f P\ L4 \Vy) Ppop (0 J |A) d 0]
f Pdet (‘93) Ppop (03 |A)d(9]

» Metaparameters /A : population parameters (describing mass A, or redshift AZ),
cosmological parameters, ...

p(Af{z}) oc p(A)

j=1



StatiSticaI frameWOrk Of ICarOGW (Mastrogiovanni et al. 2703.14663)

* Bayesian analysis with selection effects (Viandel et al. 1809.02063, Thrane and Talbot 1809.02293, Vitale
et al. 2007.05579)

p(Af{z}) oc p(A)

« Metaparameters A : population parameters, cosmological parameters, ...

« GW data {x}



StatiSticaI frameWOrk Of ICarOGW (Mastrogiovanni et al. 2703.14663)

* Bayesian analysis with selection effects (Viandel et al. 1809.02063, Thrane and Talbot 1809.02293, Vitale
et al. 2007.05579)

N obs f 1) .
A A
p(Al{z}) < p(A) |] [ Pact(0;) Poop (0] A)d6

« Metaparameters A : population parameters, cosmological parameters, ...

7=1

« GW data {x}

. Source parameters 0 = {m1(dz)’ d.,i...}

l!




StatiSticaI frameWOrk Of ICarOGW (Mastrogiovanni et al. 2703.14663)

* Bayesian analysis with selection effects (Viandel et al. 1809.02063, Thrane and Talbot 1809.02293, Vitale
et al. 2007.05579)

pL fp (2;10;) Ppop(05|A)d0
p(Altzy) o piA H J Pdet (85) Ppop (05| A)dO

« Metaparameters A : population parameters, cosmological parameters, ...

« GW data {x}

. Source parameters 0 = {m1(dz)’ d,i...} |

I

« GW likelihood p (x| /A, ()), obtained from posterior samples
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StatiSticaI frameWOrk Of ICarOGW (Mastrogiovanni et al. 2703.14663)

Bayesian analysis with selection effects

* Only events passing threshold (on signal to noise ratio or false alarm rate) are
considered

» Numerical evaluation of p,..(): produce a set of events and label them either
“detected” or “undetected” (passing SNR threshold and IFAR threshold)
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StatiSticaI frameWOrk Of ICarOGW (Mastrogiovanni et al. 2703.14663)

* Bayesian analysis with selection effects (Viandel et al. 1809.02063, Thrane and Talbot 1809.02293, Vitale
et al. 2007.05579)

pL fp (2;10;) Ppop(65|A)dO
PR o p(A H J Pdet(0;) Ppop(6;]A)dO

» Population assumption p (6| A)
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The source mass population model
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Redshift distribution Poop(@ 1 A)

Madau Dickinson model
(1 + z)

1
f(zly. k. z,) = ( )
1 +x yt+K
T ()

* Assumption: binary black hole distribution follows the star formation rate
described by a Madau Dickinson model

Madau Dickinson redshift distribution Astrophysical distribution
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Using galaxy catalogs
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GWcosmo (Gray et al. 1908.06050)

 Assumption: GW sources are found in galaxies
 Possible GW hosts from galaxy catalogs (Schutz 1986)
* Weigh each galaxy according to luminosity

* |nput:
 Sky position
 Luminosity distance
* Masses

* Challenge: Galaxy catalogs incompleteness

e (Calculate selection effects: ; 10 )

Galaxy number (per pixel)

 Host galaxy is observed (in catalog) or not Gray et al. 2111.04629
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Statistical framework of GWcoSmMoO  cray et a. 1908.06050

Bayesian analysis with selection effects

obs |

One event |

‘Host galaxy i ;
| postenor

Posterior on Ho 1
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H|dden here are the o
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Vo

e d: “eventis detected”

« N, number of observed events
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Statistical framework of GWcosmo

{Host galaxy |
in catalog? |

o = —————

'Probability of |
being in catalog |

(Gray et al. 1908.06050)

Probability of not
being in catalog

| ——__

D PGy | Hys Ay PG | Hos A,y o) = pGiyy i | Ho, A, GP(G | Hyy Ay n d) + pOiGy i | Hoo A, GP(G | Hos A, 0 d)

g€[G,G]

 Assumptions for selection effects
* Apparent magnitude threshold of the galaxy catalog
* Redshift distribution of galaxies
 Luminosity distribution of galaxies (e.g. Schechter function)

* Pixelated approach: Treat selection effects as non-uniform in
the sky
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Redshift distribution

K-band, 90% CI GW area (m,r=13.72)
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(Galaxy catalog used for GWcosmo

* All-sky catalog: Glade (Dalya et al. 2018)
* Partial coverage, but deeper in redshift: DES (Drlica-\Wagner et al. 2018)
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Two Iimits...

“GWcosmo”

. Close by S|gnals well- Iocallsed (very few ,
- compatible galaxies) |

« H, posterior is independent of the |
mass distribution assumed ;
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“lcaroGW”

Far signals, not well-localised

e Redshift information from source
frame mass distribution
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Conclusions

* |caroGW (no EM information) method allows to simultaneously constrain cosmological and population
parameters

« GWcosmo uses galaxy catalog information to constrain H|,

« Strong degeneracies between the rate evolution y, the overall rate of events R, the Hubble constant H,,

« — Marginalize over population assumptions
* Help for O4 preparations is very welcome

* Active development

“GWcosmo” “lcaroGW”

__ ___

A Modificationsoic gravity

‘» Marginalize over mass and redshift

distribution '+ Evolving dark energy equation of state
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Thank you!

Questions?



