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Abstract

On 2017 August 17 a binary neutron star coalescence candidate (later designated GW170817) with merger time
12:41:04 UTC was observed through gravitational waves by the Advanced LIGO and Advanced Virgo detectors. The
Fermi Gamma-ray Burst Monitor independently detected a gamma-ray burst (GRB 170817A) with a time delay of

1.7 s~ with respect to the merger time. From the gravitational-wave signal, the source was initially localized to a sky
region of 31 deg2 at a luminosity distance of 40 8

8
-
+ Mpc and with component masses consistent with neutron stars. The

component masses were later measured to be in the range 0.86 to 2.26 M:. An extensive observing campaign was
launched across the electromagnetic spectrum leading to the discovery of a bright optical transient (SSS17a, now with
the IAU identification of AT 2017gfo) in NGC 4993 (at 40 Mpc~ ) less than 11 hours after the merger by the One-
Meter, Two Hemisphere (1M2H) team using the 1 m Swope Telescope. The optical transient was independently
detected by multiple teams within an hour. Subsequent observations targeted the object and its environment. Early
ultraviolet observations revealed a blue transient that faded within 48 hours. Optical and infrared observations showed a
redward evolution over ∼10 days. Following early non-detections, X-ray and radio emission were discovered at
the transient’s position 9~ and 16~ days, respectively, after the merger. Both the X-ray and radio emission likely
arise from a physical process that is distinct from the one that generates the UV/optical/near-infrared emission. No
ultra-high-energy gamma-rays and no neutrino candidates consistent with the source were found in follow-up searches.
These observations support the hypothesis that GW170817 was produced by the merger of two neutron stars in
NGC 4993 followed by a short gamma-ray burst (GRB 170817A) and a kilonova/macronova powered by the
radioactive decay of r-process nuclei synthesized in the ejecta.
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1. Introduction

Over 80 years ago Baade & Zwicky (1934) proposed the idea
of neutron stars, and soon after, Oppenheimer & Volkoff (1939)
carried out the first calculations of neutron star models. Neutron
stars entered the realm of observational astronomy in the 1960s by
providing a physical interpretation of X-ray emission from
ScorpiusX-1(Giacconi et al. 1962; Shklovsky 1967) and of
radio pulsars(Gold 1968; Hewish et al. 1968; Gold 1969).

The discovery of a radio pulsar in a double neutron star
system by Hulse & Taylor (1975) led to a renewed interest in
binary stars and compact-object astrophysics, including the

development of a scenario for the formation of double neutron
stars and the first population studies (Flannery & van den Heuvel
1975; Massevitch et al. 1976; Clark 1979; Clark et al. 1979;
Dewey & Cordes 1987; Lipunov et al. 1987; for reviews see
Kalogera et al. 2007; Postnov & Yungelson 2014). The Hulse-
Taylor pulsar provided the first firm evidence(Taylor &
Weisberg 1982) of the existence of gravitational waves(Einstein
1916, 1918) and sparked a renaissance of observational tests of
general relativity(Damour & Taylor 1991, 1992; Taylor et al.
1992; Wex 2014). Merging binary neutron stars (BNSs) were
quickly recognized to be promising sources of detectable
gravitational waves, making them a primary target for ground-
based interferometric detectors (see Abadie et al. 2010 for an
overview). This motivated the development of accurate models
for the two-body, general-relativistic dynamics (Blanchet et al.
1995; Buonanno & Damour 1999; Pretorius 2005; Baker et al.
2006; Campanelli et al. 2006; Blanchet 2014) that are critical for
detecting and interpreting gravitational waves(Abbott et al.
2016c, 2016d, 2016e, 2017a, 2017c, 2017d).
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Figure 4. Light curves obtained by the fitting procedure for the kilonova
events. The light curves are those of the surrogate kilonova model with the
exception of GRB130603B where a kilonova+afterglow model has been
employed. The dashed lines show the median light curve, while the shaded
intervals show the 95 per cent intervals. The numbers to the left of the y-axis
show the passbands of the observations.

where we include the afterglow model as well. In addition, the main
contribution of the kilonova model is to improve the fit to the final
data point at about 9.5 d. For this reason, the posteriors are driven
by any kilonova parameters that pass through this set of data points.
These are required to achieve a light curve sufficiently red to reach a
magnitude brighter than mAB = −16 and blue such that it is dimmer
than mAB = −14. This event is more consistent with large amounts
of red ejecta, which could originate from an accretion disc outflow
(e.g. Metzger & Fernandez 2014; Perego et al. 2014), just as the
blue ejecta.

The distributions of Mej, vej, and Xlan have been turned into
distributions for time of the peak and peak magnitudes in different

Figure 5. Ejecta mass (top), ejecta velocity (middle), and lanthanide
fraction (bottom) estimates based on the GRB sample with an associated
kilonova considered in this paper.

filters. To this aim, first a distribution of opacities k has been obtained
from Xlan using a log-linear relation between the two parameters
described by the equation:
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Results and Conclusions
Luminosity Distribution of KNe in 9 Filters (u, g, r, i, z, y, J, H, K)

Estimation of KNe parameters for the events with an associated KN and 
upper limits for the events with no KN candidate

From our sample:

95% confidence Peak Time Peak Absolute 
Magnitude

g-filter <18 hr [-16.8, -12.3] 

H-filter 0.8-3.6 days [-16.2 , -13.1]

Future 
Improvements

Luminosity distribution with a 
multi-component KN model
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Luminosity Distribution

Ascenzi + arXiv:1811.05506

• 50% of the events below -16 mag

• For an event at the fiducial 
distance of 200 Mpc this is 20.5 
apparent mag

EXPOSURE TIME 
(S/N = 20)

GEMINI 
(GMOS in optical) 

(NIRI in NIR)

VLT 
(FORS2 in optical) 
(HAWK-I in NIR)

g Filter 11.5 s 1.2 s

H filter 30x8 s 2x35 s



From Lanthanide Fraction to Opacity

X−6
lan ≥ 10−6

k(Xlan) = k0

k0 = 0.1 cm2/g

X−6
lan < 10−6

k(Xlan) = m log10(Xlan) + q

k1 = 10 cm2/g

m =
k1 − k0

log10(Xlan,1) − log10(Xlan,0)
q =

k0 log10(Xlan,1) − k1 log10(Xlan,0)
log10(Xlan,1) − log10(Xlan,0)

Xlan,0 = 10−6 Xlan,1 = 10−1
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