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follow up of gravitational waves events : a disappearing needle in a haystack

Sources

Search for electromagnetic counterparts related to GW
Merger : NS-NS

Kilonova
Short GRBs afterglow

Merger : NS-BH

Possible EM counterpart

Other sources

Core collapse supernovae
Binary black hole merger
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follow up of gravitational waves events : a disappearing needle in a haystack

Kilonova - A faint and fast decreasing transient

Example of GW170817
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follow up of gravitational waves events : a disappearing needle in a haystack

LIGO - Virgo alerts

Starting point : public alerts

Released GW candidates

skymap available after few minutes

source classification

Information of estimated distance in case of compact binaries merger

Ducoin Jean-Grégoire (lJCLab) Conférence Elbereth 2020 5/31



follow up of gravitational waves events : a disappearing needle in a haystack

GW events localisation

Vary from a few tens to more than 1000 square degrees!

GW170817 BNS S$190426¢ NS-BH
28 deg2 B Tarot Réunion (17.6 deg?) ~2000 deg2
[26-48] Mpc

[295-551] Mpc
EEm Zadko (0.1 deg?)

.. /

67 galaxies (GLADE) ~50 000 galaxies (GLADE)
search of optical counterpart

Poor 2D localization (up to some 1000 deg?)
Imprecise distance information (»20% error)
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Galaxies targeting

Galaxies targeting
Standard approach
Adding galaxies properties (stellar mass)
Results
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Galaxies targeting | Standard approach

Galaxies targeting - Standard approach

Galaxies targeting

‘ Hypothesis : the source is located within a galaxy‘

Choice of the catalog, what we need :

~ all sky

~ provide distance

~ completeness compatible with LIGO-Virgo range
D GLADE (http ://aquarius.elte.hu/glade/)
Constructed (combined and matched) from four existing galaxy catalogs :
GWGC, 2MPZ, 2MASS XSC and HyperLEDA. GLADE contains 3,262,883
objects.

Selection in the catalog of compatible galaxies for a certain 3D volume : RA,
Dec, distance

v
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Galaxies targeting Standard approach

Galaxies targeting - Standard approach

How do we use the galaxies ?

We need to define a grade (weight) to put on each galaxy

Standard definition of the grade
We use the 3D probability :

fi
Dgalaxy i pixel 2

Ppi -1
- pixel i3 pixel

Poos ™ Pay = =2 N el
pos TdV Bixelarea P>

Where ,,pixel » pixel and Npixel are respectively the mean distance, the standard
deviation and the normalization factor of the Gaussian distribution at the given
pixel. Dgalaxy is the galaxy distance fetch from the catalog.
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Galaxies targeting | Standard approach

Results

GW170817 example : tiles for a typical telescope FOV = 20'£20°

Ppos

0.004
0.003
0.002
0.001

0.000
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Galaxies targeting = Adding galaxies properties (stellar mass)

Upgrading the grade : available information

Adding galaxy properties to the grade
Only information available on GLADE

B,J,H,K Luminosity (not for all galaxies)
) sucient to deduce interesting properties from it?
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Galaxies targeting = Adding galaxies properties (stellar mass)

Upgrading the grade : focus on stellar mass

Why the stellar mass ?

Both BNS merger population simulations and short GRB host population point
out the stellar mass as an important indicator.

LCOGT grade) stellar mass

Use the B luminosity (from GLADE) as an “indicator of mass" (Arcavi et al. 201"
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Galaxies targeting = Adding galaxies properties (stellar mass)

11
The B band is highly sensitive to the galaxy dust attenuation

)  We should use near infrared band

) K (2.21m) band is provided by GLADE but :
K band is still a bit a ected by the dust attenuation

only » 67% of the galaxies in the catalog (up to 400Mpc) have K band
information

) Utilization of the WISE1 band (3.4m)
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Galaxies targeting = Adding galaxies properties (stellar mass)

Mangrove

A new catalog dedicated to the follow-up of GW even

Cross-match AIIWISE and GLADE (400Mpc) :
After all treatment we have> 93% of the galaxies with WISE1 band

Determination of the stellar mass

From WISE1 band we can determine the stellar mass using a constant mass fc
light ratio : (Kettlety et al. 2017)

-3 0.60M-/ L 341 m
In good agreement with more robust stellar estimation using SED tting algorithm
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Galaxies targeting = Results

Reformulation

Adding a factor to the grade
We can now change the grade adding a mass factor :

Pmass /EIL'galaXy

o
M o,galaxy

Huge drawback of the product expression
Can't de ne Pmass When you don't have the stellar mass info (= the W1 mag)

) forced to throw away» 7% of the catalog

We chose to reformulate the grade :

F tgt fElegsﬁ F(ma(l(ss ) Ptot /CEF’pos(lA ®Pmass)
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Galaxies targeting = Results

Reformulation

Ptot 'CEPpos (1A ®Pmass)

whit ® ensuring that the two factors in the addition are, in mean, contributing as
much :

) SetPmass A0 to fall back onPpes
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Results

Gw170817
Only EM counterpart detected for a GW so far

) Mandatory to test our grade on it
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Galaxies targeting = Results

Results

GwW170817

90% skymap» 30degd?
distance 4@ 8 Mpc
65 galaxies compatibles
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Galaxies targeting = Results

Results

With the standard 3D localization ) NGC 4993 ranked 5
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Results

With the stellar mass addition ) NGC 4993 ranked 1
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Results

With the stellar mass addition ) NGC 4993 ranked 1
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Conclusion

Conclusion

A brand new galaxy selection

This method is already used by GRANDMA, SVOM and Kilonova-Catcher

Paper accepted in MNRAS describing the method available : (Ducoin et al
2019)

https ://ui.adsabs.harvard.edu/abs/2020MNRAS.tmp..110D/abstract
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