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We present our successful program usingChandrafor identifying the X-ray afterglow with sub-

arcsecond accuracy for the short GRB 111117A discovered bySwift andFermi. Thanks to our

rapid target of opportunity request,Chandraclearly detected the X-ray afterglow, whereas no op-

tical afterglow was found in deep optical observations. Instead, we clearly detect the host galaxy

in optical and also in near-infrared bands. We found that thebest fit photometric redshift of the

host isz= 1.31+0.46
−0.23 (90% confidence), making it one of the highest redshift shortGRBs. Fur-

thermore, we see an offset of 1.0±0.2 arcseconds, which corresponds to 8.4±1.7 kpc assuming

z=1.31, between the host and the afterglow position. We discuss the importance of using Chandra

for obtaining sub-arcsecond localization of the afterglowin X-rays for short GRBs to study GRB

environments in great detail.
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1. Introduction

Gamma-ray bursts (GRBs) are traditionally divided in two classes based on their duration and
spectral hardness: the long duration/soft spectrum GRBs, and the short duration/hard spectrum
GRBs [1]. The long standing paradigm is that these two phenomenological classes of GRBs orig-
inate from different progenitor systems. A preponderance of evidence now links long GRBs with
the death of massive stars [2], yet the origin of short GRBs remains largely unknown. The common
notion that short bursts originate from coalescing compactbinaries, either neutron star-neutron star
(NS-NS) or neutron star-black hole (NS-BH) mergers [3, 4], makes them the most promising tool
to aid in the direct detection of gravitational waves (GWs).

We report the first results of ourChandraprogram which led to the accurate localization of
GRB 111117A detected bySwift andFermi. Our results were leveraged with an intense ground-
based follow-up campaign. No optical/infrared counterpart was found, therefore ourChandra
localization uniquely provides the most accurate sub-arcsecond position.

2. Prompt Emission

The light curve of the prompt emission is composed of two episodes: the first episode shows
multiple overlapping pulses with a total duration of 0.3 s, and the second episode is composed of
two pulses with a duration of 0.1 s (Figure 1). The duration isT90 = 464±54 ms (1σ error; 15-350
keV) andT90 = 512±181 ms (1σ error; 50-300 keV) measured by BAT and GBM respectively.
ThisT90 duration is significantly shorter than 2 s, which is the standard classification of short GRBs
in the BATSE GRBs [1]. Furthermore, this duration is shorterthan 0.7 s, which is claimed to be
the dividing line between long and short GRBs for theSwiftsample [5]. The spectral lag between
the 100-350 keV and the 25-50 keV band is 0.6±2.4 ms, which is consistent with zero. The time-
integrated spectral properties are investigated by performing a joint spectral analysis with BAT and
GBM data. The spectrum is extracted fromt0,BAT + 0.024 s tot0,BAT + 0.520 s. We find that a
power-law multiplied by an exponential cutoff provides thebest representative model of the data.
The best fit parameters in this model are the power-law photonindexαCPL = −0.28+0.31

−0.26 and Epeak

= 420+170
−110 keV.

3. Afterglow

The Swift XRT started GRB 111117A observation 76.8 s after the trigger. A fading X-ray
source was found within the BAT error circle. TheChandraobservation (a total exposure time of
19.8 ks) started∼3 days after the trigger. The X-ray afterglow is clearly detected in theChandra
observation with 3.9σ significance within the XRT error circle. The combinedSwift XRT and
ChandraX-ray afterglow light curve is well fit by a simple power-law with the index of−1.25+0.09

−0.12.
As shown in Figure 2, the X-ray afterglow of GRB 111117A belongs to a dim population of the
Swiftshort GRBs. The spectrum collected in the Photon Counting (PC) mode is well described by
an absorbed power-law model. The best fit spectral parameters are a photon index of−2.19+0.36

−0.38

and an excessNH of 1.8+1.1
−1.0×1021 cm−2 assuming the galacticNH at the burst direction of 3.7×

1020 cm−2 [6].
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Figure 1: The background subtracted 5 ms light
curves ofSwiftBAT andFermiGBM. The bottom
panel shows the hardness ratio between the 100-
350 keV and the 25-50 keV of the BAT data.
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Figure 2: Comparison of X-ray afterglow light
curves of short GRBs observed bySwift XRT
(gray) and GRB 111117A (red). TheChandra
data point of GRB 111117A is shown in red filled
circle.

We investigate the possible optical afterglow emission by using the image subtraction tech-
nique between the early and the late time epoch observationsby Telescopio Nazionale Galileo
(TNG) and Gran Telescopio CANARIAS (GTC). We find no significant emission at theChandra
X-ray afterglow location in the subtracted images in both the TNG and the GTC observations.

The optical-to-X-ray spectral indexβOX [7] is estimated to be. 0.78 using the X-ray flux
density measured at 11 hours after the burst at 3 keV, and the optical afterglow limit based on the
GTC r band. This upper limit ofβOX is within the allowed range of the standard afterglow model
between 0.5 to 1.25.

4. Host Galaxy

The host galaxy of GRB 111117A has been detected from the nearinfrared to the optical
bands. There is only one near-infrared and optical source located near theChandraX-ray afterglow
position. Although the weak nature of the source makes it difficult to investigate whether the source
is extended or not, the optical flux of the source is constant between 7 hours and 14 days after the
burst at a level of∼1.1 µJy. Therefore, we conclude that the source detected inK, J, z, i, r, g, and
R bands is the host galaxy of GRB 111117A (Figure 3).

To estimate the redshift of the host galaxy, we perform a spectral energy density (SED) fit with
the stellar population model of [8]. We find the best estimated redshift to be 1.31 (90% confidence
interval 1.08< zph < 1.77). The likelihood that the redshift is correct is 80% (reducedχ2 of the fit
is 0.65). The best fit SED template is the case with the luminosity weighted mean stellar age of 0.1
Gyr and a mass of∼ 1×109 M⊙ (Figure 4).
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Figure 3: Multi-color images at the field of
GRB 111117A. From left to right, and top to bot-
tom, the images are TNGR, NOTR, GTCg, GTC
r, GTC i, GMG z, CFHT J and UKIRT K. The
host galaxy is marked in a green circle. The X-
ray afterglow position determined byChandrais
marked as a red cross.
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Figure 4: The SED fit to the photometric data (g,
r, i, z, J andK) using the templates of the single
stellar populations model [8]. The GTC spectrum
is shown in gray.

A significant offset between the center of the host galaxy andthe X-ray afterglow has been
found for GRB 111117A (see Figure 3). We estimate the offset between the host center and the
X-ray afterglow to be 1.0±0.2 arcseconds, which corresponding to a distance of 8.4±1.7 kpc at a
redshift of z = 1.31. This offset is consistent with the median offset of 5 kpc for short GRBs [9].

Assuming the redshift of 1.31, the isotropic equivalentγ-ray energy (Eγ ,iso) which is integrated
from 1 keV to 10 MeV at the rest-frame is 3.4+5.7

−1.5 ×1051 erg. Eγ ,iso of GRB 111117A is located
at the high end ofEγ ,iso distribution of short GRBs and at the low end ofEγ ,iso distribution of long
GRBs.
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