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Measuring the Hubble constant

The universe in which we live is not static but is expanding at a rate described by the Hubble 
constant,  , in support of the Friedmann-Lemaître-Robertson-Walker metric (FLRW) [1,2] , the exact 
solution of Einstein’s field equation of general relativity.  

 50 Mpc the Hubble law is well approximated by the note expression: 

 

where v is an object's recession velocity and d is the proper distance between the observer and the 
object [4]. 

z << 1, the 'redshift-distance relation' is written as 

 

➡   is independent of the other cosmological parameters from the -cold-dark matter model, CDM.  

H0

∼

v = H0 d

dL(z) = c z /H0

H0 Λ Λ



The Hubble tension

• Cosmic Microwave Background (CMB) , early universe:  
the latest Planck results give a Hubble constant value of  [5].H0 = 67.36 ± 0.54 km s−1 Mpc−1

• Related to local expansion , late universe, the intrinsic luminosity from light curves of Type Ia Supernovae 
(SN Ia),  making them usable as standard candles :   

SH0ES, Supernovae-H0-for the equation of State of Dark energy, led to  [6]. H0 = 73.24 ± 1.44km s−1 Mpc−1

The  disagreement is  of  and it's statistically significant [7]∼ 4 − 6σ

Fig. From reference [8]: Posterior distribution of H_0 based on the GW170817 data event Fig. From reference [9]: Posterior distribution of H_0 based on the GW170814 data event



Dark standard sirens
• 1986 Schutz developed a statistical method based on galaxy clustering, given a sufficient event rate 

[10] and other authors (Del Pozzo, Chen et al [11-14]) shows how Bayesian method works including 
all assumptions and prior information about a GW origin.
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•  is a set of GW data,  

•  denotes that a GW signal was detected,  

•  detections; 

•  is the flat prior on ; 

•  is the probability of detecting  events;
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p(xGW |DGW, H0) =
p(DGW |xGW, H0)p(xGW |H0)

p(DGW |H0)
=

p(xGW |H0)
p(DGW |H0)

p(xGW |DGW, H0) = p(xGW |G, DGW, H0)p(G |DGW, H0) + p(xGW | Ḡ, DGW, H0)p(Ḡ |DGW, H0)

xGW passes some detection threshold  

The likelihood for a single GW event is marginalised over the case where the host galaxy is, and is not, in the catalogue (denoted by  and  respectively): G Ḡ
The galaxy catalogue method  



Virtual Observatory

• The International Virtual Observatory Alliance (IVOA) was 
born in June 2002 [15].  

• It is composed of 22 international members to "facilitate 
the international coordination and collaboration necessary 
for the development and deployment of the tools, systems 
and organisational structures necessary to enable the 
international utilisation of astronomical archives as an 
integrated and interoperating Virtual Observatory (VO)"

➡  standards that are complaint with FAIR:  

Findable, Accessible, Interoperable and Reusable.  

VOEvents, Flexible Image Transport System (FITS) astronomical file format  

Multi-Order Coverage maps  (MOC)



GLADE

The Galaxy List for the Advanced Detector Era 
is a value-added full-sky catalogue of inactive 
and active galaxies that can be potential host 
of GW+EM sources [16].  

complete up to  Mpc in B-band;dL = 37+3
−4

 Number density (n) of objects in GLADE, using azimuthal projection with galactic 
coordinates. The plane of the Milky Way obscures the visibility of background galaxies 
near the edges of the two plots. Overdense (red) patches and stripes, originating from 
the HyperLEDA catalogue, show up as a result of deeper, more sensitive surveys, that 
have been made towards the corresponding sky directions.

1. The Gravitational Wave Galaxy Catalogue, GWGC 

2. the 2Micron All-Sky Survey Extendeed Source Catalog 
2MASS XSC,  

3. the 2MASS Photometric Redshift Catalog 2MPZ, 

4.  the HyperLEDA 

5.  the Sloan Digital Sky Survey quasar catalogue from the 
12th data release, SDSS-DR12Q



The use of complete catalogues is necessary  

1. to maximise the performance of the electromagnetic follow-ups 

Reducing the required number of pointings, the total integration time and the number of false 
positives found [18-19].

2. to include all the possible host galaxies of a GW event 

Improving the estimation of the  H0

GLADE



Catalogue Completeness
We describe the techniques used to evaluate completeness in term of the Luminosity function for 
galaxies.

• 1976 Schechter proposed a model for a galaxy number density in a given comoving volume with a 
given luminosity [17].  

 

•  

•  

•

ρgal dx = ϕ* xα e−x dx

ϕ* = (1.6 ± 0.3) × 10−2h3Mpc−3;

x = L/L*B with L*B = (1.2 ± 0.1) × 1010h−2LB,⊙;

α = − 1.07 ± 0.07.
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Catalogue Completeness
We describe the techniques used to evaluate completeness in term of the Luminosity function for 
galaxies.

• 1976 Schechter proposed a model for a galaxy number density in a given comoving volume with a 
given luminosity [17].  

 ρgal dx = ϕ* xα e−x dx

The completeness of the catalogues will be evaluated integrating the Schechter functions 
over the n-th luminosity distance-shells that cover the galaxies collected 

∫
∞

x1

ϕ* L* x(α +1)exp(−x) dx = ϕ* L* Γ(α + 2,x1)



Code and plots



Luminosity functions



Intersection with dust 

GW191216_213338 GW200311_115853

GW170817GW150914



Next steps

➡ We will implemented GCN notifications for low 
latency analysis with information on the galaxies 
completeness of the volume as a function of the B-
band Luminosity, in term of the percentage 
coefficient c and with the mean apparent magnitude  
m_th of the 90% credible regions

➡ We will learn to use the gwcosmo package to get 
the likelihood of the Hubble constant and to estimate 
its improvement depending on completeness;
https://github.com/simone-mastrogiovanni/gdr_gwcosmo_tutorial_2020/blob/master/notebooks/Tutorial.ipynb

https://github.com/simone-mastrogiovanni/gdr_gwcosmo_tutorial_2020/blob/master/notebooks/Tutorial.ipynb


Thanks for your time
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