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ABSTRACT

We present the discovery of the optical afterglow and eghye host galaxy of the short-duration
GRB 100117A. The faint afterglow is detected 8.3 hr afterihest withrag = 2546+ 0.20 mag. Follow-up
optical and near-IR observations uncover a coincident emtnged galaxy, identified as an early-type galaxy
at a photometric redshift af~ 0.6—0.9 (20) with a mass of- 3 x 10'° M, an age of~ 1 Gyr, and a lu-
minosity of Lg ~ 0.5L,. Spectroscopic observations of the host reveal a notablklrorresponding to the
Balmer/4000A break at~ 0.9, and stellar population spectral evolution templatefitbdatez ~ 0.915, which
we adopt as the redshift of the host, with stellar populatiges of~ 1-3 Gyr. From a possible weak detection
of [0 11I1A3727 emission az = 0.915 we infer an upper bound on the star formation rate- @1 Mg, yr?,
leading to a specific star formation rate 10.004 Gyr?. Thus, GRB 100117A is only the second short burst
to date with a secure early-type host (the other being GRB®S@tz = 0.257) and it has one of the highest
short GRB redshifts. The offset between the host center lamdharst position, 476 310 pc, is the smallest
to date. Combined with the old stellar population age, thdidates that the burst likely originated from a
progenitor with no significant kick velocity. However, frattme brightness of the optical afterglow we infer a
relatively low density oh ~ 3 x 10%¢.3, 547> cm™3. The combination of an optically faint afterglow and host

suggest that previous such events may have been misseshyhmtentially biasing the known short GRB host

population against > 1 early-type hosts.
Subject headings: gamma-rays:bursts

1. INTRODUCTION

Progress in our understanding of short-duration gamma-ray S e .
troscopic identifications is the galaxy known to be early-

type with no evidence for on-going star formation activity

bursts (GRBs) and their progenitors relies on detailed-stud
ies of their afterglows and host galaxy environments. Of
particular interest are bursts with precise sub-arcsepond

sitions, which can provide unambiguous host galaxy associa

tions, redshifts, and burst properties (energy, densiygch
localizations require the detection of ultraviolet, optjmear-
infrared, and/or radio afterglows; or alternatively ana¢+de-
tection with theChandra X-ray Observatory. As of December
2010, only 20 short bursts have been precisely localizedsn t
manner. Of these, 14 have clearly identified ho§1® with

spectroscopic redshifts), 5 do not have unambiguous hest as
sociation& (Bergeli 2010a), and 1 has not been reported in the
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7 These bursts are 050709:[ (Fox et al._2005: Hjorthlef al._2005b
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(Levan et all 2006[._de Ugarte Postigo €tial. 2006); 0603L3m{Rg et al.
2006); 061006: [(D'Avanzo ethl. 2009); 070707:. _(Piranomacettal.
2008); 070714B: [(Graham etlal. 2009); 070724:__(Berger|eaD9);
071227: [(D’Avanzo et al. 2009); 080905%:_(Rowlinson et all@d); 090426:
(Antonelli et all 2009; Levesque etlal. 2010); 090510: (MeBr et al. 2010);
and 100117A: this paper.

8 GRBs 061201: [(Stratta etldl._2007), 070809 _(Perleylet a7)20
080503: [(Perley et al. 2009), 090305:_(Berger & Kelson 2@@&nko et al.
2009), and 090515; (Rowlinson eflal. 2010b).

literature so fat. For a recent summary see Berder (2010b).
Only in a single case out of the 10 hosts with spec-

(GRB 050724 Berger et al. 2005); the remaining hosts are
star forming galaxies, albeit at a level that is on average si
nificantly lower than in long GRB hosts (Berger 2009), par-

ticularly when accounting for their higher luminositiesdan

stellar masses _(Berger 2009; Leibler & Berger 2010). The
hosts with measured redshifts span a range of0.1-1
(e.g.,|Berger 2009), with the exception of GRB 090426 at
z=2.609 {Antonelli et al. 2009; Levesque etlal. 2010); in the
three remaining cases the hosts are too faint for a spectro-
scopic redshift determination, but are likely to be locattd
z2> 1 (Berger et al. 2007a). At the same time, there is ten-
tative evidence for early-type hosts in the sample of short
bursts with optical positions and no coincident hosts based
chance coincidence probabilities (GRBs 070809 and 090515;
Berger 2010a).

The host demographics and redshift distribution provide
important constraints on the nature of the progenitors. For
example, an abundance of low redshifts and early-type hosts
would point to a population that is skewed to old agedew
Gyr (Zheng & Ramirez-Ruiz 2007). However, from the ex-
isting host galaxy demographics and redshift distribigion
it appears that the progenitors span a broad range of ages,
~ 0.1-few Gyr, and may indeed be over-represented in late-
type galaxies with intermediate-age populatiord(3 Gyr;
Berger et al. 2007a; Leibler & Berger 2010).

Afterglow detections are also important for determining th
GRB and circumburst medium properties. To date, how-
ever, little detailed information about these properties h
been drawn from the existing (though sparse) broad-band af-

9 GRB 091109b:[(Malesani etlal. 2009).
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terglow detections (e.d., Berger eilal. 2005; Panaites@;20 We initiatedR-band observations of GRB 100117A with the
Roming et al.l 2006 Soderberg et al. 2006; Berger 2010a),Inamori Magellan Areal Camera and Spectrograph (IMACS)
mainly due to the faintness of short GRB afterglows. Early on the Magellan/Baade 6.5-m telescope on 2010 January
time optical observations also probe possible emissiomfro 18.04 UT (3.9 hr after the burst) and detected the four seurce
radioactive material synthesized and ejected in a binamy-co noted by Cenko et al. (20110) within the initial XRT error cir-
pact object merger, a so-called Li-Paczynski mini-supeano cle. We subsequently obtained two deeper epochs of imag-
(Li& Paczynskil1993] Metzger et al. 2010). No such emis- ing in ther-band with the Gemini Multi-Object Spectrograph
sion has been conclusively detected to date (e.g., Hjodh et (GMOS-N) on the Gemini-North 8-m telescope on 2010 Jan-
2005a| Bloom et al. 2006; Berger etlal. 2009). uary 18.21 and 19.22 UT (7.9 and 33.2 hr after the burst); see
Here we report the discovery of the optical afterglow and Table[1. The IMACS observations were reduced using stan-
host galaxy of the short GRB 100117A. From spectroscopy dard procedures in IRAF, while the GMOS-N observations
and optical/near-IR imaging we find that the host is an early- were analyzed using the IRAdemn ni package.
type galaxy az=0.915, making it only the second unambigu-  Digital image subtraction of the two GMOS-N observa-
ous early-type host association for a short GRB with a signif tions using the ISIS software package (Alard 2000) reveals
icantly higher redshift than the previous event, GRB 050724 the presence of a fading source, which we identify as the opti
at z=0.257 (Berger et al. 2005). The precise position also cal afterglow of GRB 100117A, see Figure 1. Assuming that
allows us to measure the burst offset, while the optical flux the afterglow contribution is negligible in the second GMOS
provides constraints on the circumburst density. We pitesen N observation we calculate a magnitude of = 25.46+0.20
the afterglow and host discovery i]82. In 83 we study the mag (0244 0.05 pJy) at a median time of 8.3 hr after the
host redshift and stellar population properties, whiledhweé burst. A comparison of our IMACS observation with the sec-
analyze the afterglow properties. Finally, we draw conclu- ond epoch of GMOS-N imaging yields an afterglow magni-
sions about the nature of this burst and implications for the tude ofrag > 23.93 mag (3) at a median time of 4.1 hr after

short GRB sample in(85. the burst.
Throughoutthe paper we use the standard cosmological pa- Astrometry relative to the USNO-B catalog provides an ab-
rametersHg = 71 km §* Mpc™, Q,=0.27, and2, = 0.73. solute position for the optical afterglow af=0d‘45“04.66_(§,
2 OBSERVATIONS OF GRB 100117A 0 ==01°3541.89" (J2000), with an uncertainty of.26" in

_ ) each coordinate. This position istf away from the center
GRB100117A was detected by taift satellite on 2010 o the XRT error circle, which has an uncertainty o2 We

January 17.879 UT, and an X-ray counterpart was promptly 5qgitionally measure the relative position of the aftengimd
localized by the on-board X-[/ay Telescope (XRT) with a post galaxy (using the second Gemini epoch) and find an off-
final p05|t|0na_l accuracy of .2"” radius ((de Pasquale et al.  set of§RA = 60 mas andDec = 0 mas. The uncertainty in the
2010). No optical/UV source was detected by the co-aligned offset includes contributions from the astrometric tie loé t
UV/Optical Telescope (UVQOT). The burst d_uratlon'ligo = two Gemini observationssggs_.cs = 9 mas), the positional
0.30+£0.05 s, and its 15150 keV fluence is, = (9.3+ accuracy of the afterglow residualfcrs = 10 mas), and un-
1.3)x 10°® erg cm®. The burst was also detected by the certainty in the centroid of the host galaxs g = 20), which
Fermi Gamma-Ray Burst Monitor (GBM) with a duration s itself dominated by systematic uncertainty rather thest j
of about 0.4 s, an 81000 keV fluence ofF, = (41+ the signal-to-noise ratio. Thus, the total angular offset b
0.5) x 107 erg cn?, and a peak energy &, = 287'/3 keV tween the afterglow and host center is-6@0 mas.
(de Pasquale etlgl. 2010). These properties clearly ofassif
GRB 100117A as a short burst. :
The X-ray light curve exhibits a complex behavior at early 2.2. Host F;alaxyObservanns )
time, with an initial flare lasting until about 200 s, follodby Subsequent to the discovery of the afterglow we obtained
a steep decline withy o t35+02, Subsequent data collected follow-up observations of the host galaxy in tgéand with
at ~ 5-690 ks lead to an upper limit dfx < 2.5x 10714 GMOS-N and in theJHK bands with the Near Infra-Red Im-
erg cm? s7! (unabsorbed; Evans et al. 2007, 2009). A fit to ager and Spectrometer (NIRI) on the Gemini-North 8-m tele-
the X-ray spectrum indicates theg oc 07014 andNy = scope. We also obtained IMACS observations inriz&ands
(1.240.4) x 10T cm2, in excess of the expected Galactic col- (Table[1). Photometry of the host was extracted in& ta-
umn of Ny = 2.7 x 1029 cm (de Pasquale et/al. 2010). Using dius aperture, and is summarized in Tdllle 1. We note that the
the counts to unabsorbed flux conversion (1 cps2s&1071L errors are dominated by uncertainty in the zeropoint inlthe
erg cm? s1) and the measured spectral index, we find a flux andK bands. The host appears to be mildly resolved with a
density limit at> 5 ks of F,,(1keV) < 2.3 x 1073 ;uJy. FWHM of 0.6” in the K-band (PSF = ®"). Images of the
Ground-based follow-up optical observations of the XRT host in thegrizJHK filters, and a combined color image are
position were first obtained with the Nordic Optical Telgseo ~ Shown in Figuré 2. A combined color image of thefi2ld
(NOT) 20.4 min after the burst and led to the marginal de- covered by NIRI is shown in Figufe 3.
tection of a source witlR ~ 22.5 mag (Xu et all 2010). In- We obtained spectroscopic observations of the host on 2010
spection of archival optical images from the Canada-France January 19.22 using GMOS-N at a mean airmass of 1.4. A
Hawaii MegaCam survey led to the detection of four faint dithered pair of 1500 s exposures were obtained with the
sources within the initial XRT error circle witR, | ~23-24.5 R400 grating covering 39068130 A at a spectral resolution
mag, whilei-band imaging at about 4.7 hr revealed that the of about 7 A. We obtained a second, deeper set of observa-
brightest of these sources had a comparable brightness t@ons (4x 1460 s) on 2010 November 2.12 with GMOS-S on
the archival data and was likely the same source detected byhe Gemini-South 8-m telescope at a mean airmass of 1.15
Xu et al. 2010[(Cenko et al. 2010). in the nod-and-shuffle mode. These observation?&were also
; obtained with the R400 grating covering 5409650 A with
2.1. Afterglow Discovery the OG515 order-blocking filter. The data were reduced using
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standard tasks in IRAF and wavelength calibration was per-z=0.75 (2 = 0.3 for 5 degrees of freedom) with a2ange of

formed using CuAr arc lamps. Archival observations of the

z~ 0.57-0.92 (FigureY), consistent with our spectroscopic

smooth-spectrum standard star EG 131 (Bessell|11999) andedshift determination. Sinae= 0.75 is ruled out at high con-

custom IDL programs were used to apply a flux calibration

and remove the telluric absorption bands. In order to maxi-

mize the signal-to-noise ratio, we use a weighted co-aafditi

fidence from the spectroscopic fit, we adapt 0.915 as the
redshift of the host. At this redshift, the inferred steltaass
is 2.6 x 10'° M, and the stellar population age is about 1

of the two epochs in our subsequent analysis. The resultingGyr, in good agreement with the spectroscopic results. The

spectrum is shown in Figule 4.
We detect continuum emission from the host beyend

5000 A, with a notable increase in the flux redward of 7650

absolute B-band magnitude isgM~ —20.3 mag, correspond-
ing to Lg ~ 0.5L, in comparison to the DEEP2 luminosity
function atz= 0.9 (Willmer et al.l 2006). We generally find

A. No obvious emission features are detected. Interpretingpoorer fits for models with 8 and 2 Z,. _ _
the break as the Balmer/4000A break we find an estimated Combining the upper limit on the star formation rate with

redshift ofz~ 0.9.

3. HOST GALAXY REDSHIFT AND PROPERTIES
3.1. Spectroscopy

To quantitatively assess the host galaxy’s redshift, we fit a
weighted co-addition of the GMOS spectra describedn]§2.2

over the wavelength range 6088500 A with spectral evo-
lution models of simple stellar populations (SSPs) prodide
as part of the GALAXEYV libraryl(Bruzual & Charlot 2003);
at wavelengths outside this range, the signal-to-noise ist
too low to contribute significantly to the fit. We ug€ min-
imization with redshift as the free parameter and the best-fi
flux normalization determined by the equation,
N Fxmode i XFxgal.i

Zi:l TXgal,i
n Ff‘model‘i ’
i=1 Ixgali

(1)

Fo,of =

whereF) moge i are the model fluxes, anfé ga i ando ga
are the observed galaxy fluxes and uncertainties, respsctiv

The fit is performed on the unbinned data. The resulting best-

fit redshiftisz=0.915 (x2 = 1.26 for 1841 degrees of freedom
at 1.4 Gyr) for SSPs with an age aPG-2.5 Gyr; see Figurgl4.
Significantly poorer fits are found with SSPs outside of this
age range, or with late-type templates. At this redshitireh

is a clear match between absorption features in the spectruny-fay energy of GRB100117A i€, iso = 9.2 X

and the expected dominant lines (i.e., ICH&K, Mg I, and
G-band). The distribution of? as a function of redshift is

the inferred stellar mass, the resulting limit on the spesifar
formation rate is SSFR: SFR/M,, < 0.004 Gyr?. This con-
firms that the host galaxy is quiescent, since the charatiteri
growth timescale, SSFR~ 260 Gyr, is significantly larger
than the Hubble time.

3.3. Large-Scale Environment

As shown in Figur€I3, the field around GRB 100117A con-
tains several red galaxies in addition to the host galaefits
We investigate whether the host and these galaxies are part
of a large-scale structure similar to some previous shoBGR
environments (Bloom et &l. 2006; Berger et al. 2007b), using
color-color plots (Figurgl8). We find that only one galaxy has
similar colors to the host, and is therefore potentiallyakec
at the same redshift. Two additional galaxies have simitar
andH - K colors to the host, with limits on theg-r col-
ors (due tay-band non-detections) that are consistent with the
host of GRB 100117A. These galaxies may be less luminous
members of the same large-scale structure. Additional-spec
troscopic observations are required to assess whetheoste h
is part of az~ 0.9 galaxy group. However, we note that even
if it is part of a real group, it is not a rich group or cluster.

4. GRB AND AFTERGLOW PROPERTIES

At the best-fit redshift o = 0.915 the isotropic-equivalent
10°° erg
(16-2000 keV in the rest-frame). This is similar to the val-
ues inferred for previous short GRBs at a similar redshift

shown in Figuréb revealing a secondary broad minimum at (Berger et al. 2007a; Berger 2007, 2010a).

z= 0.75. This solution provides a much poorer fit to the data
with xZ = 1.60, corresponding to about @Gaway from the

To extract additional information about the burst we use the
measured brightness of the optical afterglow in conjumctio

best fit. The main reason for the poor fit is that it misses the With the limit on the X-ray flux (ER). The inferred optical to

key spectral absorption features and the clear break at&650
(Figurel3).

At the best-fit spectroscopic redshift o 0.915 we find a
marginal feature corresponding to [PA3727 with a flux of
Fom ~ 3x 10 erg cm? s72, or Loy ~ 7 x 10* erg s™.
Given the marginal detection we use this luminosity to de-
rive an upper limit on the star formation rate, with SFR =
(1.4+0.4) x 10* Lo < 0.1 Mg yrt (Kennicutt/1998).
This is smaller than the star formation rates inferred fer th
star forming hosts of short GRBs (Berger 2009).

3.2. Broad-band Photometry

To extract additional information about the host galaxy we
fit the broad-band photometry with Maraston (2005) evolu-
tionary stellar population synthesis models. We use the sub
set of models described in Leibler & Berger (2010), with a
Salpeter initial mass function, solar metallicity, and @ re
horizontal branch morphology, leaving redshift as a free pa
rameter; see Figurgl 6. We find the best-fit solution to be

X-ray spectral index igox < -0.75, in agreement with the
range of(fox) =—0.72+0.17 measured for short GRBs with
X-ray and optical afterglow detections (Nysewander et al.
2009;|Berger 2010a). Assuming the standard synchrotron
emission spectrum from a relativistic blast wave (Sari 2t al
1998), this value offox indicatesp > 2.5 if v, > vx, or

p 2 15 if v; < vo; hereve is the synchrotron cooling fre-
quency ando is the power law index of the electron energy
distribution,N(v) oc v7P. Since these values are not atypical,
we cannot robustly locate based on the optical to X-ray flux
ratio.

However, we can still constrain the circumburst density
(n) by making the reasonable assumption that the cooling
frequency is located above the optical band, while the syn-
chrotron peak frequencyy, is located below the optical band
since the optical afterglow is fading at discovery. Using th
observed optical afterglow brightness and assuming a con-
stant density medium we find (Granot & Sari 2002):

~ 12 -3 _-1.75=-2.75 -3
n~7.3x 10 €e €B E52 cm 5

(@)
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whereee andeg are the fractions of energy in the radiating
electrons and magnetic field, respectively, &agdis the en-
ergy in units of 162 erg. Assuming thaE ~ E, js, and using
€e, 8 < 1/3 we infer a lower limit on the density af > 107
cm 3, which is similar to IGM densities. For more typical
values ofee ~ g ~ 0.1, we findn~ 3 x 10 cm 3. Since
generallyee, eg = 0.01 (Panaitescu & Kumar 2002; Yost et al.
2003), a likely upper bound on the densityiis; 20 cnis.

5. DISCUSSION AND CONCLUSIONS
In the sample of 14 short GRBs with optical afterglows

and coincident hosts, GRB 100117A is only the second event®
unambiguously associated with an early-type galaxy (the

other being GRB050724; Berger ef al. 2005).
cases of early-type hosts have been proposed.

Additional

ular, GRB050509b is likely associated with an early-type
cluster galaxy but this is based on only an X-ray position

(Bloom et al.| 2006). Two additional bursts (070809 and
090515) lack coincident hosts despite optical afterglow de

tections, but in both cases the galaxies with the lowestprob

ability of chance coincidence are early-type galaxies @gBer
2010a). Even if we accept these additional early-type host a

sociations as genuine, the host of GRB 100117A is located ai

U

a significantly higher redshift than the previous eventshwi

z=~0.23-0.47. GRB 100117A also has the highest isotropic-

equivalent gamma-ray energy of these events by a factor of
few, with E, jso = 2.1 x 10°° erg (15- 150 keV). These results
suggest that some of the optically-faint host galaxiestiden

ciations of short GRBs 050509b, 070809, and 090515 with
early-type hosts at offsets of tens of kpc (Bloom et al. 2006;
Bergerl 2010a) indicates that some progenitors may experi-
ence large kicks. The cases of GRBs 070809 and 090515
is particularly intriguing since both had optical aftengof
comparable brightness to GRB 100117A (Figure 9), sugges-
tive of a similar circumburst density despite a potentiedéa
difference in offsets.

Only a few short GRBs have circumburst density measure-
ments, reflecting a general lack of multi-wavelength after-
glow detections. GRB051221A had an estimated density
fn~ 102 cm™ (Soderberg et al. 2006), GRB 050724 had
n= 0.01-0.1 cm3® (Berger et all_2005), and GRB 050709
had® n < 0.1 cn® (Panaites¢l 2006). For GRB 100117A

In particWe estimaten ~ 10#-10 cni®, continuing the trend of rela-

tively low circumburst densities for short GRBs. This ispar
ticularly striking in comparison to the circumburst defest
inferred for long GRBs, with a median ¢h) ~ 1-10 cn3
(e.g.,Soderberg etlal. 2006).

Our discovery of the afterglow and= 0.915 early-type
host of GRB 100117A continues to support the conclusion
that short GRBs exist at ~ 1 and beyond|(Berger etlal.
2007a). However, unlike all previous short GRB hosts
at these redshifts_(Berger et al. 2007a; Graham/et al.| 2009;
Antonelli et al. [2009;| Levesque etial. 2010), the host of

aGRB 100117A exhibits no evidence for star formation activ-

ity and is instead dominated by~al Gyr old stellar popula-
tion. With its faint optical afterglow it is possible thatgwi-

fied to date (e.gl, Berger et al. 2007a) may be bright near-IROYS such events have been missed due to shallow optical af-

sources due to a dominant old population.

that the presence of short GRBs in early-type galaxies doe

not necessarily point to progenitor ages-o10 Gyr. Instead,
the typical ages of short GRB progenitors in early-type fiost
appear to be- 1-4 Gyr (Leibler & Berger 2010), which may
lead to early-type hosts evenzt: 3.

At the inferred redshift oz = 0.915 the projected physi-
cal offset of GRB100117A is only 479310 pc. Our pre-

It also indicatest€rglows searches, thereby potentially biasing the knowat h
Jopulation against 2, 1 early-type hosts.

We thank Rik Williams and Daniel Kelson for obtaining
rapid observations of GRB 100117A with IMACS. This pa-
per includes data gathered with the 6.5 meter Magellan Tele-

vious analysis of short GRB offsets revealed a median pro-scopes located at Las Campanas Observatory, Chile. Obser-

jected offset of about 5 kpt (Fong etlal. 2010). In this cotex

vations were also obtained at the Gemini Observatory, which

GRB 100117A has the smallest offset measured to date. Wes operated by the Association of Universities for Research
note that the only other burst with a secure early-type hostAstronomy, Inc., under a cooperative agreement with the NSF

(GRB 050724) also has a small offset of aboat Bpc. Given
the age of the stellar population f1 Gyr in both cases (see
also Leibler & Berger 2010), these small offsets indica#d th
GRB 100117A and GRB 050724 did not originate from pro-
genitors with a substantial kick (unless the kick direction
both cases is nearly aligned with our line of sight). Given
the lack of any recent star formation activity, we can alde ru
out the possibility of a highly kicked progenitor system wit

on behalf of the Gemini partnership: the National Science
Foundation (United States), the Particle Physics and Astro
omy Research Council (United Kingdom), the National Re-
search Council (Canada), CONICYT (Chile), the Australian
Research Council (Australia), CNPq (Brazil) and CONICET
(Argentina). This work also made use of data supplied by the
UK Swift Science Data Center at the University of Leices-
ter. This work was partially supported by Swift AO5 grant

a short merger time. On the other hand, the proposed assc#5080010 and AO6 grant #6090612.

10 Only an upper bound is available due to the lack of a radiootiete
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TABLE 1
LoG OFOPTICAL AND NEAR-IR AND OBSERVATIONSOFGRB 100117A

Date At Telescope Instrument  Filter Exposure®rwum  Afterglow? F2 Hosf Ab/\

(um (d) (s) ) (AB mag) (udy) (ABmag)  (mag)
2010 Jan 18.040 0.162 Magellan IMACS R 4 x 300 125 > 2393 <097 0.064
2010 Jan 18.207 0.329 Gemini-North GMOS r 15x 180 Q80 2546+0.20 02440.05 e 0.07
2010 Jan 19.262  1.383 Gemini-North GMOS r 15x 180 Q76 e (0 2430+0.10 007
2010 Feb 2.208 15.3  Gemini-North NIRI K 19x 60 051 212440.20 001
2010 Feb 2.229 15.4  Gemini-North NIRI H 19x 60 056 2126+0.21 001
2010 Feb 4.208 17.3  Gemini-North NIRI J 14x 60 080 2187+£0.25 002
2010 Feb 4.229 17.4  Gemini-North GMOS ¢ 7 x 240 115 26174+0.30 01
2010 Nov 14.042 300.2 Magellan IMACS 2z 5x 180 Q70 2233+0.10 0035
2010 Nov 14.057 300.2 Magellan IMACS i 3x 240 Q63 22854+0.10 0045
2010 Nov 14.083  300.2 Magellan IMACS r 8 x 360 Q61 2433+£0.10 007

NoOTE. — @ These values are corrected for Galactic extinction.

b Galactic extinction.

¢ We assume the afterglow contribution is negligible 1.38&etahe burst.
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st e e : = i i
FiG. 1.— Gemini/GMOS -band images obtained starting 7.9 hr (left) and 33.2 hrtéepafter the burst. Digital subtraction of the two imagessals a fading
source in the residual image (right), which we identify asafterglow. The afterglow position is denoted by the blackie.
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I=band

FiG. 2.— Gemini and Magellan optical and near-IR images of tret galaxy of GRB 100117A obtained with GMOS, NIRI and IMACSiT€1). Each panel
is 0.2/ on a side with an orientation of north up and east to the leftoAhown is ayrH color composite highlighting the red color of the host gglax
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FiG. 3.— Gemini optical and near-IBrH color composite image of & % 2’ field around GRB 100117A. The environment around the hosbaws several
red galaxies, whose colors are plotted in Figdre 8 (Eeg §3.3)
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FIG. 4.— Gemini spectrum of the host galaxy of GRB 100117A binwét 3-pixel boxcar (black: data; blue: error spectrum)sd\kh_own are SSP Femplates

(red;3) with stellar population agé®® Gyr (top left), 1.4 Gyr (top right), and 2.5 Gyr (bottoeft) at the best-fit spectroscopic redshift
of z=0.915. We also show a 1.4 Gyr SSP template at the preferred mletric redshift ofz= 0.75 (bottom right). Fits are performed on the unbinned data.
The latter fit provides a poorer match to both the sharpnetisedireak and the main spectral features. Absorption lioations corresponding to GhH&K,

Mg 123830, and G-bam#4300 are indicated. Also shown is the expected locationef{@l|]A\3727 emission doublet.
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Fic. 5.—x2 as a function of redshift for the spectroscopic fit to a 1.4 &3P template (performed on the unbinned data, descrio@IH). Fhe 2 and 1&

0.9
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levels are labeled. We find a sharp minimunzat0.915 with x4 = 1.26 and a broad minimum at~ 0.75, which is only consistent with the data at ther10

level.
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FiG. 6.— Optical and near-IR spectral energy distribution ef tlost galaxy of GRB 100117A (black circles). Each SED is fihval Marastdn[ (2005) single
stellar population model (red line) through a maximum likebd fit of the synthesized photometry (red squarEs.]83/&).show the fits at the photometric

best-fitz= 0.75 (left), and also at the preferred spectroscopic redshifd.915 (right).
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Fic. 7.—x?2 contours for redshift and stellar population age usind theadton[(2005) single stellar population modeR(B« in order of decreasing darkness).
The jagged edge at large ages is due to truncation at the@pgigage of the universe as a function of redshift. The@ntour leads to a best-fit redshift of
z=0.57-0.92.
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FiG. 8.— Color-color plots for red galaxies in & 2’ field around GRB 100117A (Figufd 3). The host galaxy is matkgea red square. We identify an
additional galaxy with similar colors (#2), and two potahtjalaxies with similar colors (although only lower limitsg—r; #3 and #8).
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FiGc. 9.— Short GRB optical afterglow brightness at the time stdivery for bursts with detected optical afterglows (sgsjpand upper limits (arrows). The
two short GRBs with secure early-type hosts are denoted Iy stars, while bursts with putative early-type hosts aagkad by open stars (Berger 2010a and
references therein). Short GRBs with early-type hosts naag weaker optical afterglows on average, possibly relatdalver circumburst densities.




