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Abstract

AT2017gfo is the first kilonova that could be extensively monitored in time both photometrically and spectro-
scopically. Moreover, it is the first optical counterpart of a gravitational wave source and it is associated with the
short gamma-ray burst GRB 170817A. Previously, only few kilonova candidates have been observed and within the
glare of short GRB afterglows. In this work, we aim to search the fingerprints of AT2017gfo-like kilonova emissions
in the optical/NIR light curves of 39 short GRBs with known redshift. For the first time, our results allow us to study
separately the range of luminosity of the blue and red components of AT2017gfo-like kilonovae in short GRBs. In
particular, we find that the red component is similar in luminosity to AT2017gfo, while the blue kilonova can be
more than 10 times brighter and down to 5 times fainter. Moreover we find robust evidence against the presence of
an AT2017gfo-like kilonova in GRBs 050509B and 061201. Finally, we find some evidence for new blue-kilonova
candidates in GRB 090515 and marginally in other three cases.
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1. Introduction
The simultaneous detection of the gravitational wave (GW)
source GW170817 (Abbott et al. 2017b) by aLIGO/AdVirgo
(LIGO Scientific Collaboration et al. 2015; Acernese et al.
2015) and the short Gamma-ray burst GRB 170817A (Gold-
stein et al. 2017; Savchenko et al. 2017; Abbott et al. 2017a)
has provided the first direct evidence that at least a fraction
of short GRBs is associated with the merging of two neutron
stars (NSs). At the same time, the discovery of AT2017gfo,
the optical counterpart of GW170817 (Coulter et al. 2017),
allowed us, for the first time, to follow-up spectroscopically
the elusive astrophysical phenomena known as “kilonova” (Li
& Paczyński 1998; Metzger et al. 2010). In particular, the
observations are consistent with a kilonova characterised by
a blue, rapidly decaying, component and a red, more slowly
evolving one.

In the following, we aim to further investigate the possible
range of kilonova luminosity and identify possible new kilo-
nova candidates, comparing the optical/NIR light curves of
all short GRBs (sGRBs) with known redshift up to June 2019
with those of AT2017gfo.

2. Data analysis
Ten spectra of AT2017gfo, described in Pian et al. (2017)
and Smartt et al. (2017), were taken between ∼1.5 and ∼10.5

days after the GW trigger and have a coverage from UV to
NIR bands. This data-set was completed with 3 additional
SEDs built using photometric observations from the works of
Tanvir et al. (2017), Drout et al. (2017), Evans et al. (2017),
Covino et al. (2017), Coulter et al. (2017), Troja et al. (2017),
Pian et al. (2017), Cowperthwaite et al. (2017); see also the
Kilonova Project: Guillochon et al. (2017). Data have been
corrected for foreground Galactic extinction. More details are
given in Rossi et al. (2019).

In order to compare AT2017gfo with sGRB optical coun-
terparts, we first built a set of rest-frame AT2017gfo spectra at
13 different epochs. We then used these templates to produce
rest-frame light curves of AT2017gfo for all the filters in which
there are sGRB observations. Afterwards, we compared, in
each filter, the optical and NIR luminosities of AT2017gfo
with those of the sGRB counterparts in our selected sample.

This sample consists of 39 objects within the redshift range
0.1 ≤ z ≤ 2.2 (Rossi et al. 2019). In the following, we
distinguish between the blue and red components, depending
on whether the rest-frame effective wavelength is below or
above 9000 Å, respectively.

3. Possible new kilonova candidates
A kilonova is expected to show a shallow evolution close to its
maximum brightness. Therefore, it can be distinguished from



the standard afterglow behaviour, which has a constant power-
law decay according to the standard fireball model (Sari et al.
1998). In this context we considered a decay to be anoma-
lously shallow when its decaying index is α < 0.75; see also
Rossi et al. (2019). For 7 sGRB in our sample we found
a shallow decay during the same time interval covered by
AT2017gfo observations. This can indicate the presence of a
kilonova emission dominating over the afterglow component.
In three cases (GRBs 050709, 050724, and 160821B) the shal-
low decay was already associated with kilonova emission by
other authors (Jin et al. 2016; Gao et al. 2017; Lamb et al.
2019). The blue component of GRB 090515 (Fig. 2) has a
shallow decay in the first 24 hours and is just ∼ 2 times fainter
than AT2017gfo at the same time. We also identify possible
shallow decay in the cases of GRBs 060614, 150423A and
150424A which however can be interpreted otherwise or have
peculiar properties. In particular, the shallow decay of GRB
150423A is too early to be compared with AT2017gfo. In the
case of GRB 060614, the shallow decay was already noted by
Mangano et al. (2007) and interpreted as the counterpart of the
plateau observed in X-rays. GRB 150424A also has similar
light curves in optical and X-rays and in both cases the blue
counterpart is more than 10 times brighter than AT2017gfo.
Besides, their (GRBs 060614, 150423A and 150424A) opti-
cal and X-ray light curves are also very similar to those of
GRB 050724, which optical re-brightening is interpreted as
magnetar-powered kilonova emission by Gao et al. (2017). In
this case, the additional source of energy would explain why
they are all much brighter than AT2017gfo. A more detailed
analysis, which consists in modelling together the optical and
X-ray light curves, is needed to further investigate the presence
of kilonova emission in all cases.

4. Constraints to the kilonovae luminosity
Considering the blue component spectral band, we observe a
wide range in luminosity (Fig. 1). In particular, we can ex-
clude the presence of an AT2017gfo-likekilonova in two cases
(GRBs 050509B and 061201). Few cases with an anomalous
shallow decay, namely GRBs 050724, 060614, 070714B, and
150424A, are more than 10 times brighter than AT2017gfo.

On the contrary, all the kilonovae detected in the NIR
(GRBs 050709, 130603B, 160821B), are no more than 3 times
brighter or fainter than AT2017gfo after 2 days (Fig. 1). In-
triguingly, there are no NIR upper limits below AT2017gfo
luminosity after ∼ 50 hours (see the bottom right panel of Fig.
1). In other words, in all cases when observations comparable
to AT2017gfoNIR emission exist the kilonova counterpart has
been detected. This suggests that all red kilonovae detected
so far have similar luminosity, although we are aware that the
numbers are not high enough for meaningful statistics.
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Fig. 1. Luminosity constraints for the blue (left) and red (right) spectral bands (blue: <9000 Å, red: >9000 Å). Luminosity (top) and luminosity ratios (bottom)

of GRB and AT2017gfo versus time from merger for the blue (left) and red (right) spectral bands. Upper limits are indicated as downward triangles and

only when below AT2017gfo luminosity. sGRBs with anomalous shallow decay are highlighted with different colours, including those without a well defined

redshift. Bursts which belong to our golden sample are highlighted with a black circle. The blue and red solid lines in the top panels indicate the AT2017gfo

luminosity at 8000 Å and 16000 Å wavelength, respectively.

Fig. 2. Optical/NIR luminosity counterparts of GRB 090515 (left) and GRB 150424A (right). They both show evidence of a temporal decay index lower than

the shallowest index predicted by the fireball model (i.e. α < 0.75, black dashed line). Circles mark the detections and triangles the upper limits.


