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The approximate location of the source of gravitational waves detected on September 14, 2015, by the
twin LIGO facilities is shown on this sky map of the southern hemisphere as a half crescent. The lines
within the half crescent represent different probabilities for where the signal originated: the outer line,
marked A, defines the region where the signal is predicted to have come from with a 90 per cent
confidence level; the inner line, marked B, defines the target region at a 10 per cent confidence level. The
spot marked (1) would have been the narrowed down uncertainty window if there was a LIGO-India. The
dot marked (2) is the size of the moon shown for comparison. The gravitational waves were produced by
ECH

a pair of merging black holes located 1.3 billion light years away. — PHOTO: LIGO CALT!

A mega gravitational wave astronomy project in India would enhance scientific research
and provide valuable opportunity to the country’s researchers
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A sky atlas for understanding LIGO-Virgo skymaps. Help here, or watch a video about Skymap Viewer. Plenty simulated skymaps here. If you do not see the big dark
sky map, look below and widen your browser. Zoom with the + and - at the right of the sky.
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This skymap is from First2Years simulation
F2Y:27544.

Detected by H1,L1

50% area = 61.68 sq deg

90% area = 245.4 sq deg
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Zoomable Multiwavelength Sky

Zoom in on the sky with the mouse or the +/- icons
e o . . . FoV: 180°



Image and Catalog

Base image layer Click on the Layers icon

Fermi color
XMM PN colored
XMM-Newton stacked EPIC images (no phot. normalization)
GALEX Allsky Imaging Survey (AIS) colored

DSS2 Red (F+R)

DSS2 Blue (XJ+S)

SDSS9 colored

Mellinger colored

2MASS colored

AIIWISE color

IRIS colored

GLIMPSE360

IRAC color 11,12,14 - (GLIMPSE, SAGE, SAGE-SMC, SINGS)
AKARI Color (WideL-WideS-N60)

Halpha

VTSS-Ha

TvviIo

Ove

Gravitational Wave Galaxy Catalogue (White+ 2011)>

I Compact Binary 0og (Kopparapu+, 2008)
| Catalogue of Rich Clusters of Galaxies (Abell+, 1989) (z < 0.05)
_INorthern Cluster Catalog (Gal+, 2009)

I/ MCXC Meta-Catalogue X-ray galaxy Clusters (Piffaretti+, 2011)(z <
0.05)
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Observation Priority

LIGO-Virgo Skymaps @

This skymap is from First2Years simulation
F2Y:27544.

Detected by H1,L1
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~ Show Weighted Galaxies
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From one catalog:
GWGC
vizier VII/267

click the center to get
Simbad and NED

Catalog Sources @
ES0336-012
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FoV: 7.22°



Instead of using 1 special catalog --

MassBus

-- use many catalogs!



MassBus

e EM followup of GW event
— Suppose we select sources from catalogs
— Compute observation priority
— Start with the highest priority

* Premise:

Observation priority for a source depends on:

mass of the source
multiplied by

probability the GW came from its position



MassBus

The MCXC: a Meta-Catalogue of X-ray detected Clusters of galaxies

! Laboratoire AIM, IRFU/Service d’Astrophysique - CEA/DSM - CNRS - Université Paris Diderot, Bat. 709, CEA-Saclay, F-91191

R. Piffaretti', M. Amaud’, G.W. Pratt', E. Pointecouteau® and J.-B. Melin?

Gif-sur-Yvette Cedex, France

? Université de Toulouse, CNRS, CESR, 9av. du colonel Roche, BP 44346, 31028 Toulouse Cedex 04, France

* DSM/Irfu/SPP, CEA/Saclay, F-91191 Gif-sur-Yvette Cedex, France
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B Cat3 {char) Third overlapped catalog (meta.id:meta.dataset)
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MassBus

 GLADE catalog

GWGC 2MPZ 2MASS XSC HyperLEDA

Column no. Name Description
1 RA Right ascention [deg]
2 dec Declination [deg]

Distance [Mpc]
See column 47 whether its val

Apparent B magnitude [mag]
See column 47 whether its val

3 Dist

4 Bmag

absMag = Bmag + 25 - 5 log (Dist)
M/Mg,,, = L/Lg,, = 10 A [0.4*(4.77 - absMag)]

http://aquarius.elte.hu/glade/Download.html



MassBus
Catalog

W v,

Matrixer Matrixer

Catalog

mass distance mass distance

<

p

ID, RA, Dec
Mass in Msun
Distance in Mpc

GW probability
density (skymap

observing
priority

Name

ES0126-024
PGC019481
ES0034-013
ES0060-018
NGC2788A
ES0034-012
ES0126-023
ES0055-029
NGC2466
NGC2199
ES0091-017
ES0091-016
ES0060-001
ES0060-011
PGC019455
ES0036-005
ES0033-030
ES0034-008
ES0055-023
ES0035-017
ES0035-008
ES0060-013

RA
144.62
100.77
100.95
134.17
135.66
100.88
144.46

69.33
116.32
91.19
144.63
144.56
123.5
130.68
100.86
129.58
87.26
97.08
66.45
117.58
112.19
131.45

-61.83
-74.24
-73.68
-67.87
-68.23
-72.59
-62.15

-69.2
-71.41

-73.4
-63.93
-63.49
-70.59
-67.81
-74.26
-73.54
-72.56
-74.26
-67.81
-72.87

-74.6
-69.19

cooooooo0oo0oo

coocooooooo




MassBus

* |ts not just mass

— specialized matrixer for your choice of:
* Dark Matter, Globular clusters, Galactic BH mass ...

* MassBus can consume
— GLADE and CLU catalogs
— Galaxy cluster catalogs eg Abell
— X-ray catalogs

— Anything you like if you can make the function
(RA,Dec,Mass,Distance) = matrixer(catalog record)



MassBus

 For all sources:
e compute mass X skymap

* take top 100

* Future:
e 3D skymaps
e Bigger catalogs (PanStars, DES, LSST)
e Smaller skymaps (HLVKI)

 Can we use HiPS, MOC etc?



3D Skymaps

This is why distance is in the MassBus

45 degree cone
axis is HL line

Visible
skymap is
nearer than
obscured
skymap

N

Northern part

Milky way
obscuration

GW150914, 3D skymap



Sharing Footprints

Show Bulletin Board
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Minor Planet Center
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Plot prepared 2018/CG3/17.919 by the Minor Planet Center
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