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Multi-Messenger Astronomy

LVC, Fermi, Integral Astrophys. J. Lett., (2017)

Fermi Telescope

LIGO

GW170817 à NS-NS merger!

GWs   1.7s      GRBs
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Multi-Messenger Discoveries
Ø Science impacts

Ø Some short GRBs are associated 
with NS-NS mergers

Ø GWs travel at the speed of  light
Ø Much of  the elements heavier 

than Fe are made in such events

Ø EM follow-up is key for above

Ø Future?
Ø Science: many new opportunities
Ø Focus: How to maximize this 

science by leveraging astronomy 
archives?

courtesy: A. Weinstein

May have skipped a few steps here…
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Electromagnetic 
(EM) Follow-up
Ø Large sky localization

Ø 100s-1000 deg2

Ø Very difficult to tile 
entire area

Ø If  you could…
Ø other transient 

contaminants

Ø Answer: Galaxies
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Virgo “non-detection”
It appears that the signal was in Virgo’s “blind spot”
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Reduces the localization to “only” ~30 deg2

Slide courtesy: A. Weinstein

1000 deg2 à



Credit: Mansi Kasliwal and 
Caltech EMGW team

Local galaxy area on sky is 
very small (<1%)
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EM follow-up is a Global Effort

Credit: V. Bhalerao
From GROWTH team (PI: Kasliwal)
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Future: LIGO + Archives
Ø GW events will be public!

Ø LIGO O3 run starts ~April 2019

Ø How can archives help with EM follow-up?
Ø Galaxy lists for all to observe
Ø Produce source catalogs based on archive images (light curves)
Ø Incorporate transient alert streams for the public
Ø Cloud platforms with jupyter notebooks

Ø Supported data processing modules for instruments
Ø Observing tools (optimized tiling)
Ø Transient finding tools (image subtraction)

Ø All of  this needs to be fast
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EM-GW Service
at NED

Image credit:
Kasliwal+17

Ø Being developed for O3

Ø Goal: optimize rapid EM 
follow-up to each GW 
event

Ø Auto download sky 
localization

Ø Crossmatch to NED
Ø Visualizations like this
Ø Alert community via 

Gamma-ray Coordinates 
Network (GCN)

Ø Latency ~ mins
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Follow-up Timescales

Glade Galaxies
CLU Galaxies
CLU Galaxies

6 Hours

7 Hours

12 Hours Optical 
Counterpart

• GCN times for GW170817
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Future capabilities of  LIGO

Ø O3 (2019)
Ø LIGO-Virgo (3 detectors)

Ø 1-50 NS-NS events

Ø In the 2020s
Ø KAGRA (2020-2022)
Ø LIGO-India (2024+)
Ø 5 detectors in 2024+

Ø 11-180 NS-NS events

Abbott+18 (arXiv:1304.0670)
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You 
Are 
Here



Discussion Time…

1. What improvements to current archive services “Should” be 
implemented?

2. What new services “Need” to be implemented in the 2020s?

3. “Thematic” vs “Mission” archives
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CLU Hα
Ø 3π of the sky (26,470 deg2) on 

48” at Palomar Observatory
Ø 1” pixel scale
Ø 4 narrow-band filters
Ø Constrain distance via Hα at 

different redshift
z=0

200 Mpc
z~0.05
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Credit: Mansi Kasliwal and 
Caltech EMGW team
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Step 1: Find the Galaxy…

Credit: R. Hurt

15


