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LISA Mission Proposal: arXiv:1702.00786

Measure the cosmological parameters  Ω = {H0, Ωm, ΩΛ, …}



STANDARD SIRENS
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“Bright standard sirens” 

 Measure EM counterpart of  
 the galaxy host and obtain z
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Holz, Hughes, APJ (2005)
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Credits: Athena+ Team

“Dark standard sirens” 

   Infer  by statistically matching  
   GW sky position with galaxy catalogs

z

dL(Ω, z) =
c(1 + z)

H0 ∫
z

0

dz′ 

Ωm(1 + z′ )3 + 1 − Ωm

Luminosity distance

redshift

(flat FLRW)

Not in the GW signal!

From the GW signal!
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COSMOLOGICAL INFERENCE SCHEME

 Quasi-likelihoodPrior

p(Ω | D, ℋ) ∝
N

∏
i=1

p(Di | Ω, ℋ)p(Ω | ℋ)
Posterior

Nested sampling
[CPNest]

cosmoLISA

LISA likelihood: 

p(Di | dL, zGW, ℋ) = 𝒩(Θ̂, Σ)
Θ = {dL, cos θGW, ϕGW}

GW redshi7 prior: 

p(zGW | Ω, ℋ) ∝
Ng,i

∑
j=1

wj exp[−
1
2 ( zj − zGW

σzj
)

2

]
wj = (∫ ddL 𝒩(Θ̂, Σ))

(cos θj,ϕj)

 cosmological model: 
dL(Ω, z) =

c(1 + z)
H0 ∫

z

0

dz′ 

Ωm(1 + z′ )3 + ΩΛ

Del Pozzo, Laghi [github.com/wdpozzo/cosmolisa]

https://github.com/wdpozzo/cosmolisa
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COSMOLOGICAL INFERENCE SCHEME
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LISA likelihood: 

p(Di | dL, zGW, ℋ) = 𝒩(Θ̂, Σ)
Θ = {dL, cos θGW, ϕGW}

GW redshi7 prior: 

p(zGW | Ω, ℋ) ∝
Ng,i

∑
j=1

wj exp[−
1
2 ( zj − zGW

σzj
)

2

]
wj = (∫ ddL 𝒩(Θ̂, Σ))

(cos θj,ϕj)

 cosmological model: 
dL(Ω, z) =

c(1 + z)
H0 ∫

z

0

dz′ 

Ωm(1 + z′ )3 + ΩΛ

Del Pozzo, Laghi [github.com/wdpozzo/cosmolisa]

Applicable as well to multi-band/3G observations 
MuGoni, Mangiagli, Sesana, DL+, PRD (2022): ET+LISA 
MuGoni, DL, Tamanini, Marsat+ (in preparaMon): 3G

https://github.com/wdpozzo/cosmolisa


EMRIs AS DARK SIRENS
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 at 1-6% accuracy (90% CI)H0

h = H0/100 km−1s Mpc

•  EMRI PE based on catalogs of Babak+, PRD (2017) 

•  Galaxy catalog of Henriques+, MNRAS (2012) 

•   Bayesian cosmological inference on the loudest 
events (done with cosmoLISA)

EMRIs are very good probes of H0

Laghi, Tamanini, Del Pozzo, Sesana, Gair, Babak, Izquierdo-Villalba, MNRAS (2021)
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EMRIs to probe modified gravity? 
Liu, DL, Tamanini+ (in preparation)

M1 (fiducial)

+

+

=



 Currently analysing the updated MBHB+EM counterpart catalogs from Mangiagli+, arXiv:2207.10678: stay tuned!

MBHBs AS BRIGHT SIRENS
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popIII heavy_Q3 heavy_Q3_no_delay

10 years of observations

PRELIMINARY

 at 5-10% (90% CI) 

 down to 25% (90% CI)

H0
Ωm

•  MBHB PE based on Klein+, PRD (2015) 

•  EM counterpart models of Tamanini+, JCAP (2016)

[cosmoLISA]
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JOINT ANALYSIS: EMRIs + MBHBs
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 (EMRIs & galaxy catalog) 
+

 (MBHBs & EM counterpart) 
=

Ωm O(15%)
H0 O(1%)

The key is to  
combine them!

cosmoLISA



"Bright sirens”

“Dark sirens”
without  

EM counterpart

with  
EM counterpart

LISA COSMOLOGICAL SPECTRUM
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EMRIs

MBHBs

STELLAR-ORIGIN 
BLACK HOLE 
BINARIES?

Thank you
!


