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No signal in Virgo
Consistent with BNS merger
1.7s later --- GRB alert from Fermi
Weak GRB (~10 erg cm )
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Localization and search for counterpart
• GW localization: ~30 deg2
• Virgo non-detection helped
• Overlap with Fermi GRB
• GW: binary neutron star merger
• Distance: ~40 Mpc (+-10)
• GCN notice issued within 30min
• Over 60 observatories searched
for counterparts (gamma-ray, Xray, UVOIR, radio, neutrino)
• Optical transient found within 11h

LIGO+ ApJL 2017

Gondstein+ 2017
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Coulter+ Science 2017

Afterglow

Gamma-ray
burst

Very weak
--energy orders of magnitude below weakest GRB detected
Short-hard
--consistent with binary neutron star picture
Host galaxy
--low star formation, probably very old NSs (Blanchard+ 2017)
X-ray/Radio delay (9 and 15 days) --- unusual, consistent with off-axis scenario
There was a GRB à
merger remnant collapsed to a black hole
1.7 s delay
--e.g. jet propagation before shock
Fundamental limits: Constraint on speed of gravity: ~10-15c | rules out DM emulators | etc.
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Kasliwal+ Science 2017
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Afterglow
GRB + afterglow observations consistent with
• Structured relativistic jet viewed “off-axis”
(e.g., Lazzatti+ 2017)
• Off axis relativistic jet + ejecta
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Downloaded from http://science.sciencemag.org/ on November 6, 2017

(cocoon; e.g. Piro+ 2017)

Margutti+ 2018

Off-axis?

We

Typical multi-wavelength light curve

power-law decay

Time and viewing angle dependence

Peak flux:
• Higher for lower angles
• Delayed for greater angles
Ø After peak there is ~power law decay
Ø Spectrum is also ~power law above
some peak frequency
Ø Spectrum softens with time

Van Eerten+ ApJL 2011

GW170817
Flux still increasing!

Margutti+ 2018

Neil Gehrels Swift Observatory
• Burst Alert Telescope (BAT)
• X-Ray Telescope (XRT)
• Ultraviolet/Optical Telescope (UVOT)

Localization with afterglow

Electromagnetic signature

Electromagnetic signature
• Beamed
• Good gamma-ray FoV
• Limited localization
(difficult to follow-up)

Electromagnetic signature

• Good time frame (~week)
• ~Isotropic
• Limited IR FoV / sensitivity
à not for every telescope

Electromagnetic signature
gamma rays

• Isotropic
• Long-term -- easy follow-up
• Flux may be small

high-energy neutrinos

gamma-ray burst
(seconds)

merger ejecta

accretion disk

shocks within the
interstellar medium
(radio; years)

following Metzger & Berger 2012

radioactive decay

kilonova

(near-infrared;
~ 1 week)

4

Search for ultrahigh-energy emission (neutrinos)
18

to attenuation by the ejecta, we compare our neutrino constraints to neutrino emission expected for typical GRB parameters. For the prompt and extended emissions, we use the
results of Kimura et al. (2017) and compare these to our constraints for the relevant ±500 s time window. For extended
emission we consider source parameters corresponding to
both optimistic and moderate scenarios in Table 1 of Kimura
et al. (2017). For emission on even longer timescales, we
compare our constraints for the 14-day time window with
the relevant results of Fang & Metzger (2017), namely emission from approximately 0.3 to 3 days and from 3 to 30 days
following the merger. Predictions based on fiducial emission models and neutrino constraints are shown in Fig. 2. We
find that our limits would constrain the optimistic extendedgure 1. Localizations and sensitive sky areas at the time of the GW event in equatorial coordinates: GW 90% credible-level localization
emission
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for a typical
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ue) and down-going (lighter blue) directions. IceCube’s up-going and down-going directions are on the northern and southern hemispheres,
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was 73.8 for A NTARES, 66.6 for IceCube, and 91.9 for
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Optical counterpart: kilonova

Red: kilonova at 4.5 days, M=0.05Msun, v=0.1c
Black: observation

• Evolution inconsistent with GRB afterglow
• Roughly consistent with kilonova emission

Downloaded from http://science.scienc

Fig. 3. Near-infrared spectrum of
EM170817 at 4.5 days after merger. For
display purposes, the data have been
smoothed using a Savitzky-Golay filter (solid
black line), and the unfiltered data are shown
in grey. A predicted model macronova
spectrum (23) assuming an ejecta mass of
Mej = 0.05M☉ and a velocity of v = 0.1c at a
phase of 4.5 days post merger is shown in
red. The spectra have been corrected for
Milky Way extinction assuming reddening E(B
– V) = 0.1 (10). Regions of low signal-to-noise
ratio from strong telluric absorption by the
Earth’s atmosphere between the nearinfrared J, H, and K spectral windows are
indicated by the vertical dark grey bars. The
light grey shaded band is the blackbody
the
photometric
which
best
fits
measurements at 4.5 days (10).

• We need a combination of two outflows
to explain observations
Dark Energy Camera (DECam), Gemini-South/FLAMINGOS-2
(GS/F2), and the Hubble Space Telescope (HST)

Cowperthwaite+ ApJL 2017

Possible explanations
• Dynamical ejecta:
v = 0.2 – 0.3 c, M = 10-3 – 10-2 M☉, neutron rich à absorption à red, slower
• Winds:
v = 0.05 – 0.1 c, M = 10-2 – 10-1 M☉, less neutron rich à blue, faster
• Winds can come from a NS that doesn’t collapse immediately, or the accretion disk.
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Kasen+ Nature 2017
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Multimessenger astrophysics
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