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A deep search for the hosts of optically dark GRBs
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We report on the results of a search for the host galaxies of a sample of 17 bursts with arcsec-sized
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Host galaxies of optically dark bursts

1. Introduction

By the end of 2010, about 900 gamma-ray bursts (GRBs) have been localized at the arcmin
scale, most of them (>80%) by theSwiftsatellite. Nearly 600 events have a detected X-ray after-
glow, and nearly 400 have been detected in the optical and near infrared (NIR) bands, too. The
observed brightness distribution of the optical afterglows is broad and time-dependent, spanning at
least 14 magnitudes within the first hour after the burst, andat least 10 magnitudes at around 1 day
(Fig. 1). In addition, there is a substantial fraction of bursts whose afterglow is not detected in the
optical/NIR bands.

Here, we summarize the results of a search for the potential host galaxies of a sample of 17
Swiftbursts with no optical afterglow but precise X-ray localization. Deep follow-up observations
of 14 of these 17 X-ray error circles were performed with VLT/FORS1, FORS2, VIMOS, ISAAC,
and HAWK-I in the years 2008 to 2010, months to years after thecorresponding burst. Limiting
3σ AB magnitudes were typicallyRC=26.5 andKs=23.5. In some cases multi-band imaging was
performed using GROND on La Silla and the near-infrared imager NEWFIRM mounted at the 4-m
Mayall telescope at Kitt Peak National Observatory. All bursts in our sample have an observed
duration in theSwift/BAT energy window ofT90 > 2 seconds. All events have optical upper limits
well below the average brightness of detected long-GRB afterglows (Fig. 1). Our goal was to
identify and to study the host-galaxy candidates of these events in order to better understand the
underlying cause of the optical dimness of these events. In order to be conservative, we searched
for host-galaxy candidates in an area with a radius always twice the radius of the corresponding
90% c.l.Swift/XRT error circle (in the following designated as 1r0).

2. EROs as host-galaxy candidates

Long bursts trace the birth places of the most massive stars,which leads to the expectation
that a certain percentage of all hosts of long bursts could bedust-enshrouded starburst galaxies.
Among them, the most extreme cases are classified as extremely red objects (EROs; defined as
having(R−K)AB > 3.5 mag).

In our sample, seven objects fall (within their 1σ magnitude error) into this category. These
are: GRB 060923B, a galaxy with(R−K)AB = 3.8±0.1 mag, GRB 070429A (> 3.5 mag), GRB
080207 (4.7±0.4 mag), GRB 080218B (4.1±0.2 mag), GRB 080602 (> 4.3 mag), GRB 081105
(> 3.5 mag), and GRB 081204 (3.1±0.5 mag). Three of them lie within their corresponding 90%
c.l. XRT error circle (GRBs 080207, 080218B, and 081204), the others lie within less than 1.5r0.
In all cases the probability to find an ERO of the givenK-band magnitude within the corresponding
XRT error circle is very small.

The seven EROs we have found have a magnitude betweenKAB = 21.5 and 23.0, i.e.KVega =
19.6 to 21.1. For theseK-band magnitudes the number density of EROs on the sky is in the order of
1 per 1000 arcsec2 [1]. Our findings then imply an overdensity of EROs in the XRT error circles we
have studied here. Our results indicates that an infrared-bright subpopulation of very dusty GRB
host galaxies exists, which stands out from the main GRB host-galaxy population.
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Figure 1: Left: The RC-band light curves of all (long) afterglows in the sample of [4]. All data have
been corrected for Galactic extinction. Triangles indicate equivalentRC-band upper limits of the afterglows
in our sample. The blue dashed/dotted line approximately indicates the mean of the afterglow brightness
distribution. The red line indicates the borderline of all targets in our study.Right: Observed upper limits
in theRC band compared to the measured flux density at 1.73 keV (the logarithmic mean of theSwift/XRT
window, 0.3−10 keV) for the 17 bursts in our sample. In those cases where noRC-band data were available,
we used the observed spectral slopeβOX to shift the flux density from the native filter to theR band. The
three bursts which can be considered as securely classified dark bursts according to [3] as well as [7] are
marked with filled black triangles.

Figure 2: Left: (R−K)AB apparent color as a function of redshift for GRB hosts (filledcircles) and Gemini
Deep Deep Survey field galaxies (crosses). The curves are predicted color as a function of redshift for
galaxies with E (solid line), Sbc (short-dashed line), irregular (dotted), and starburst (long-dashed line)
stellar populations. The ERO host of GRB 080207, discoveredby us [2, 5] lies together with other EROs
in a region occupied by star-forming but dust-enshrouded and massive galaxies (adapted from [6]).Right:
Stellar mass versus redshift for GRB hosts and other galaxy populations. The ERO hosts for which mass
and redshift estimations from SED fitting exist are highlighted and shown to be a distinct group, in particular
more massive with respect to the known population of long-GRB host galaxies (adapted from [2]).
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3. Lyman dropout candidates

For two of the 17 bursts investigated here (GRBs 050922B and 080727A) we could not find
any galaxy inside 2r0. Therefore, we consider the optical afterglows of these events as Lyman
dropout candidates. We cannot rule out very faint hosts atz. 5 though.

An additional but weaker Lyman dropout candidate is the optical afterglow of GRB 081012.
Here we find only one galaxy between 1r0 and 2r0. Alternatively, the host could be located within
1r0 but is Lyman dropped out. In two further cases a galaxy is found not closer than about 1r0 from
the center of the corresponding error circle (GRBs 060923B and 061102), but this galaxy extends
with its outer parts inside the 90% c.l. XRT error circle. In other words, here the afterglow itself
could have been placed well inside 1r0. Therefore, we do not consider the optical afterglows of
these two bursts as Lyman dropout candidates.

Finally, among the seven ERO galaxies discovered in our sample, four have been detected
in R, i.e. they are not Lyman dropped out. On the other hand, threeERO galaxies with noR-
band detection could lie at higher redshifts (GRBs 070429A,080602 and 081105). We conclude,
in our sample we have up to six Lyman dropout candidates (∼ 30%), in all other cases such an
interpretation is not required (for more details see [5]).

4. Summary

The (R−K) color of galaxies turned out to be a powerful criterion to findGRB host-galaxy
candidates. In particular, a subsample of seven bursts shows extremely red objects inside their cor-
responding XRT error circle. Moreover, all three bursts in our sample that are classified as securely
dark according to their observed X-ray flux belong to this group. Even though we are confronted
with low-number statistics, these findings imply that a non-negligible fraction of optically dim
bursts might be located in globally dust-enshrouded galaxies. In addition, we find that at most∼
1/3 of all events of our sample could be explained by Lyman dropout in theRC band. In all other
cases, high redshift is not required.
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