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ABSTRACT

Context. Thirteen years after the discovery of the first afterglols,nature of dark gamma-ray bursts (GRB) still eludes exgtian:
while each long-duration GRB typically has an X-ray afterglopticalNIR emission is only seen for 40-60% of them.

Aims. Here we use the afterglow detection statistics of the syettierfollow-up observations performed with GROND since +2@07

in order to derive the fraction of “dark bursts” accordingdifferent methods, and to distinguish between various sceantiddark
bursts”.

Methods. Observations were performed with the 7-channel “Gamma®aical and Near-infrared Detector” (GROND) at the 2.2m
MPI/ESO telescope. We used the afterglow detection rate in depep on the delay time between GRB and the first GROND expo-
sure.

Results. For long-duration Swift bursts with a detected X-ray afteng we achieve a 90% (339) detection rate of opticiNIR after-
glows whenever our observations started within less th@m#a after the burst. Complementing our GROND data with SXRT
spectra we construct broad-band spectral energy distritsiand derive rest-frame extinctions.

Conclusions. We detect 25-40% “dark bursts”, depending on the definitiedu The faint optical afterglow emission of “dark bursts”
is mainly due to a combination of two contributing factoi¥ngoderate intrinsic extinction at moderate redshifts] fi) about 22%

of “dark” bursts at redshift-5.

Key words. Gamma rays: bursts — Techniques: photometric

1. Introduction ground-based follow-up observations, the UVOT detectate r
of afterglows is, originally somewhat surprisingly, omy10%
Long-duration gamma-ray bursts (GRBs) are the high-ener(®oming & Masoh, 2006).
signatures of the death of some massive stars, and they emitThe first burst in thefterglow era for which no optical (or
the bulk of their radiation in the-300-800keV range. For N|R) afterglow was found was GRB 970828 (Groot étial., 1998).
understanding the physics of the GRB explosion, the impagtiginally, those GRBs with X-ray but without optical after
of GRBs on their surrounding, as well as the implications @fiows had been coined “dark GRBS” (Fynbo €t/al., 2001). Later
GRBs on early star formation and cosmology, it is crucial tghis nomenclature was made more specific by adding a time and
observe their afterglow emission. While X-ray afterglows a prightness limit, e.g. fainter thaR ~ 23 mag within 12 hrs of
detected basically for each burst, the low detection ratepef the burst. As the next step, the basic prediction of the flteba
tical/NIR afterglows has been a long standing problem in th@enario[(Mészaros & Reeés, 1097) was utilized and thealpti
GRB field [PaCZyﬁSki . 1998; Grootetal., 1998; Klose et alto-x_ray Spectra| indeﬁox (S|0pe between the fluxes in the
2000; DjorQOVSki et ELl., 2001; Fynbo et Ell., 2001; Lazzaaliat band and at 1 keV) was used to define dark bum (< 0.5;
2002, Piro et a.l._. 20()2 Klqse et al., 2003 LeV.an et al.., lzoc‘gakobsson et al . 2004), or the X_ray Spectra| and decaye'edi
Jaunsen et all, 2008; Tanvir et al., 2008), and it was first digere used alternatively to extrapolate the X-ray flux to tht-o
cussed systematically in_Fynbo et al. (2001) and Lazzati et ga| regimel(Rol et all, 2005). Ultimately, by using the X-fax
(2002). and spectral dx) information from Swift, lvan der Horst et al.
The Swift satellite (Gehrels et all, 2004) was designed #2009) propose to define dark bursts as those for whighis
slew to GRB locations rapidly and provide positions withsew  shallower thangx — 0.5).
accuracy through observations of the afterglows with the X- The darkness in the optical can have several origins (e.qg.
ray telescope (XRT, Burrows etial., 2005) and the UV-opticilynbo et al.| 2001). The afterglow could (i) have an intrnsi
telescope (UVOT|,_Roming etlal., 2005). While the detectibn @ally low luminosity, e.g. from an optically bright vs. opdilly
the X-ray afterglows has dramatically facilitated the disc dark dichotomy; (ii) be strongly absorbed by intervening-ma
ery of many new phenomena and increased ftfiieiency of terial, either very locally around the GRB or along the line-
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of-sight through the host galaxy, or (iii) be at high redshiferage, more energetic with correspondingly brighter gftevs

(z> 6) so that Lyr blanketing and absorption by the intergalacti¢McBreen et al., 2010).

medium would prohibit detection in the frequently usetand

(Lamb & Reichart, 2000). ) ) )
Before theSwift era, an analysis of a sub-sample of GRB ,able 1. GROND aftergl_ow detection fraction of Iong—du_ratlon

namely those with particularly accurate positions prosidéth Ursts as a funcpon of time delay of the start of the obstmat

the Soft X-ray Camera on HETE-2, revealed optical afterglovtter the GRB trigger.

for 10 out of 11 GRBs (Villasenor et al., 2004). This suggeste pejay (hrs)  detected vs. observed (fraction)  fraction tdlto

that the rapid availability of precise positions plays a onaj

role in the identification of afterglows, and that the majori ~ <0.5 20/22 (91%) 17%

of dark GRBs are neither at high redshift nor strongly ab- 04554 %g’g (iggf’) 122?
sorbed, but just dim, ayior rapidly decaying. Howevewift P /21 (48%) )

. . oy 8-16 22/36 (61%) 28%
observations have provided 500 GRB localizations at the few 5", , 1322 (59%) 17%
arcsec level within minutes of the trigger, and the fractidn > 24 5/10 (50%) 8%

non-detected afterglows is still about30-40%: UVOT de-
tects about 40% of the afterglows (Roming €tal.. 2009), angtes Based on a total of 128 bursts observed between 070802 and
ground-based observations recover another 20-30% (see @n@lusive) 100331.
httpy/www.mpe.mpg.de-jcg/grbgen.html).

This would imply that the accuracy and timeliness of a GRB
position is not the dominating factor. On the other handegiv  Table[2 contains all those bursts which have been observed
the larger mean redshift of GRBs in tBaift era (Berger et al., with GROND within less than 240 min (4 hrs) after tBeift
2005; Jakobsson etlal., 2006), one could also argue thateha mirigger and which have XRT-detected afterglows (until 31rha
flux of the afterglows is lower, and thus thé&ext of the better 2010). First we note that (within this sample) there is arclea
and fasteiSwift localizations on the afterglow detection rate iglifference between the detection likelihood for long- and short
over-compensated by fainter afterglows with respect tabeyve duration bursts. While we detect only 1 out of 4 short bursts,
HETE-2 sub-sample. it is 35 out of 39 for long-duration bursts. This resembles th

Here, we use the afterglow detection rate of GROND, a derell-known fact that short-duration bursts have genenallych
dicated ground-based GRB follow-up instrument, to deriew n fainter afterglows than long-duration bursts. Second, win
constraints on the fraction of dark bursts. We complemeat tthat a further down-selection of long-duration bursts ahhi
GROND data withSwift/XRT spectra to construct broad-band>alactic latitude does not change our detection rate. Shisie
spectral energy distributions and to derive the rest-frartimc- to GROND's capability of imaging in all bands simultanegusl
tion. Throughout this paper, we use the definitignd . in particular also in the near-infrared. Third, we emphasiat

this sample lacks any selectiofiects beyond requiring an X-ray
afterglow.

2. GROND observation statistics

GROND, a simultaneous 7-channel optioaar-infrared imager 3. Fitting broad-band spectral energy distributions
(Greiner et all, 2008a) mounted at the 2.2 m fHSO telescope .
at La Silla (Chile), started operation in May 2007. GROND ha:)?s'l' Overall properties
been built as a dedicated GRB follow-up instrument and has dbROND andSwift/XRT data have been reduced in the standard
served basically every GRB visible from La Silla (weather amanner using pyraRAF (Tody, 11993;| Kiipcil Yoldas et al.,
lowing) since April 2008. 2008b) for the optic@dNIR data and the XRT pipeline for the
GROND observations of GRBs within the first day are full)K-ray data. The opticaNIR imaging was calibrated against the
automated (see Greiner etlal. 2008a for more details). Btedia primary SDSS standard star network, or cataloged magrstude
reaction on &@wift alert so far was 140 s (Swift trigger 353627)pf field stars from the SDSS in the casegdf'i’Z observations
more typical times are 200-300 s for night-time bursts. Tvee t or the 2MASS catalog fodHKs imaging. This results in typi-
dominant contributors for this delay are the read-out tiféne cal absolute accuracies 80.03 mag ing'r’i’zZ and+0.05 mag
interrupted exposure (particularly the Wide-Field Imagee of in JHKs. X-ray data were cleaned for time intervals of flaring
two other instruments at the telescope), and the dome oatatactivity and the early steep decay. The X-ray spectra were flu
speed. The distribution of delay times of GRBs with GRONDormalized to the epoch corresponding to the GROND observa-
is given in Tab[dL (last column). Note that due to La Silla beions using the XRT light curves from Evans et al. (2007, 2009
ing located at similar geographic longitude as the Southrtit This common reference time was selected to be after the early
Anomaly (where most gamma-ray detectors need to swifth optical rise observed in some light curves and i§edéent for
their high-voltage), the fraction of night-time bursts isanly a each burst, but typically during the first few hours after Sngft
factor two lower than for observatories at other geogralfuhie trigger.
gitudes. We then combined XRT and Galactic foreground extinc-
It is obvious that the later after a GRB trigger the GRONIion (Schlegel et all, 1998) corrected GROND data to esthbli
observation starts, the lower is the fraction of afterglasted- a broad-band spectral energy distribution (SED) — sed Fig. 1
tions (Tab[1). This is expected and readily explained by the
rapid fading of GRB afterglows and the limiting sensitivity
the instrumerjtelescope in use. What is surprising, however, is
the high detection rate in the first two time bins — this will be
discussed in the following. The relatively high detectiaterat
>24 hrs is biased by the FerfbAT bursts which are, on av-
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Table 2. GRBs observed with GROND within 240 min after tBeift trigger (including 39 long- and 4 short-duration bursts).

GRB D B Delay Dur AG Refd ? Comment fBo Bx Ay(host) Ny (host)
(min)  (min) (GO) (mag) (16'cm?)
070802 L -57 160 72y (1) 245Q) 0.60 12308 p07
071010A L -18 164 25 yy  (2) 0.98(2) 0.68 0458 978
071031 L -59 37 465 yy  (3) 269(3)  UVOT 0.60 00288 10
080120 L -t 35 100 yy (4 435(4)  UVOT 0.42 o.oqg;gg 240%%3
080210 L +34# 721 53 yy  (5) 2.64(56) UVOT 0.76 02488 141
0802188 L +9 405 496 @  (6) - — —_ =
080330 L +69 33 117 yy (7)) 151(7)  UVOT 0.49 010003 3118
080411 L -44 1227 94 'y (8 103(86) UVOT 0.42 0.0008  5g0
080413A L -16 1400 213 y  (9) 243(96) UVOT 0.67 00388 ol
0804138 L -47 56 98 yy  (10) 1.10(10,6) UVOT 0.28%7 o.oqg;gg 4119
080516 L +2 85 102 yn  (11) 3.6p(l1) 0.59 043 240fh
080520 L -20 180.6 190 y  (12) 1.54(12.6) UVOT 0.57 os3fl 17
080605 L +20° 828 469 yy  (13) 1.64(13.6) UVOT — 047885 10170
080707 L -27 920 83 yy (14 1.23(14.6) UVOT 0.64 01088 5
080710 L -43 63 218 yy  (15) 085(15.6) UVOT — 0.0008 1488
080804 L -48 188 67 yy  (16) 2.20(16.6) UVOT 0.43 o.oefg;gg 4.8j§§
080805 L -38 40 1y (17) 150(17.6) 0.47 ordl  10%
080913 L -43 45 227 yy  (18) 6.70(18) — 0.138% o1
080915 L 41 5.8 157 g] (29) — X-ray faint — — —
080919 S -06 83 112 g — — — — _ _
081007 L -60 145 137 yy  (20) 053(19) UVOT 0.75 0.360% 9115
081008 L -2t 2259 280 y  (21) 1.97(20) UVOT 0.56 0.0888 5433
081020 L -46 61 347 yy  (22) 385(21) UVOT — 00308 7,988
081121 L -30 2339 511 y  (23) 251(22) UVOT 0.36 0.0008 5438
081222 L -79 149 26 yy (24 277(23) UVOT 0.47 00008 6428
081226 S -19 112 211 (25 — — _ —
081228 L -27 72 105 yn  (26) 3.4p(24) — 012008 1350
090102 L +35 1502 50 yy  (27) 155(25) UVOT 0.35 04508 od
090305 S +15 279 102 y  (28) — X-ray faint  — = —
090313 L +70° 7.0 78 yy  (29) 3.38(26) 0.71 0.420% 4112
0904298 L +74# 130 12 @y  (30) 9.2p(27) — = =
090519 L +35 1042 101 y  (31) 3.85(28) UVOT — 0.01:018 5535
090812 L -65 1310 173 y  (32) 245(29) UVOT 0.36 04188 107
090814 L +48 141 54 yy  (33) 070(30) UVOT 0.26 00588 oels
0909048 L +4 36 175 yn  (34) <5.0p 0.46 = =
0909268 L -60 2362 225 y (35 1.24(31) — 142108 2
091018 L -57 1885 169 yw  (36) 097(32) UVOT 0.54 0.0888 2o
091029 L -46 46 158 yy  (37) 275(33) UVOT 0.57 0.0008 530
091127 L -67 583 316 y  (38) 049(34) UVOT 0.7 0.0088 1082
091221 L -25 2361 129 y  (39) <3.3p UVOT — —_ —
100117A S —64 2201 70 #  (40) 0.92(35) — = — —
100205A L +45 1492 63 g  (41) - _ 108027  _ —
1003168 L +13 151 92 yy  (42) 1.18(36) UVOT 0.50 1.0§% 0000 2927

Notes. Columns 2-10 are the duration (D) classification of the GR&H#ding to the canonical long (l/)short (S) scheme (Kouveliotou et al.,
1993), Galactic Latitud®, the delay between the GRB trigger and the start of the GRObE2mwation (which is the sum of the delay between
the burst and the arrival of th@wift notification at the GROND computer, and that until the GRON&}, the duration (Dur) of the GROND
observation during the first night, the afterglow (AG) déitat by GROND (G) or others (O), references for the aftergluvgervations, the
redshiftz with reference, and special comments (UVOT detection oayxhrightness). The last four columns are the best fit sdesttaes in the
opticalNIR (8o) and X-ray Bx) band, the rest-frame extincti@®, and absorptiomNy from the combined GRONBWift-XRT spectral fit3o was
generally fixed tgy (—0.5) in the fit, and thus has the same errogas

1 References for previously reported GROND afterglow detestas well as those from other groups for those GRBs whigk hat been de-
tected by GROND: (1) Kruhler et al. (2008c), (2) Covino €t(aD08), (3) Kruhler et all (2009a), (4) Greiner et [al. (26)) (5) Kupci Yoldas et al.
(2008a), (6) Rossi et al. (2008a), (7) Clemens et al. (20@Baidorzi et al. |(2009), (8) Kruhler et al. (2008a), (9) R#k& Rujopakarh [(2008),
(10) [Kruhler et al. [(2008b), (11) Filgas et &l. (2008a),)(Ebssi et al.[(2008b), (13) Clemens et al. (2008b), (14) @legret al.|(2008c), (15)
Krihler et al. [(2009b), (16) Krihler etlal. (2008e), (L7uKler et al. ((2008d), (18) Rossi et al. (2008c¢); Greineale{2008b), (19) Rossi et al.
(2008d), (20) Della Valle et al. (2008), (21) Yuan et al. (@RX22) Clemens et al. (2008d), (23) Low et al. (2008), @alike et al.|(2008), (25)
Afonso et al. [(2008a), (26) Afonso et al. (2008b), (27) Afmes al. (2009)! Gendre etlal. (2010), (28) Cenko et al. (2R02®)[Updike et al.
(2009b), (30) Olivares et al. (2009a), (31) Rossi et al. 2200(32) Updike et all (2009¢), (33) Updike et al. (20098%)(Olivares et al! (2009b),
(35) IMalesani et al.| (2009), (36) Filgas et al. (2009a), (Bdwas et al. [((2009b), (38)_Updike et/al. (2009e), (39) Flgaal. (2009c), (40)
Levan et al.|[(2010), (41) Nicuesa Guelbenzu et al. (201Q)vifet al. (2010), (42) Afonso et al. (2010)

2 A “p” after the redshift value indicates a photometric rdtishstimate. References for the redshifts are:[(1) Prdchasal. (2007a);
Eliasdottier et &l.[(2009), (2) Prochaska et al. (20078)Ledoux et al.|(2007); Fox etlal. (2008), (4) Greiner et2009b), (5) Jakobsson et al.
(2008a), (6)_Fynbo et all (2009b), (7) Malesani et al. (20@idorzi et al. [(2009), (8)_Thone etlal. (2008a), (9) Ta@t al. (2008b), (10)
Vreeswijk et al. |(2008), (11) Filgas et/al. (2008b), (12) alagson et al.|[ (2008b), (13) _Jakobsson etlal. (2008c), [(14bd-et al. (2008),
(15) |Perley et l. | (2008), (16) Thone et al. (2008c), (L7kobason et al.| (2003d), (18) Greiner et al. (2009a), (19)g&eet al. |(2008),
(20) ID’Avanzo et al. [(2008), (21) D’Elia et al. (2008), (22eier & Rauch|(2008), (23) Cucchiara et al. (2008), (24) Atoat al. |(2008g);
Kruhler et al. [(2010b), (25) de Ugarte Postigo et lal. (200926) Chornock et al. (2009); de Ugarte Postigo étlal, (20027) Cucchiara etal.
(2010b);. Tanvir (2010), (28) Thone et al. (2009), (29) deatig Postigo et all (2009b), (30) Jakobsson et al. (2009),[F8nbo et al.[(2009a),
(32)/Chen et al! (2009), (33) Chornock et al. (2009b), (343cbiara et al.[(2009b), (35) Fong et al. (2010), (36) Vergamil. (2010).

3) The values for hosty andNy are given for redshift zero.
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These SEDs have been fit with two alternative models: (e best-fit extinction oAy = 2 mag atz = 0 is an upper limit.
a single power law with free slope and normalization, plefr However, the large foreground extinction&§ ~ 5 mag can be
source-intrinsic extinction of SMCMC or MW-type (for the expected to come with a large (systematic) error, which @rop
GROND data) and Galactic plus rest-frame equivalent neutgates also to our fit values; thus we cannot distinguish batwe
hydrogen column density (for the X-ray data) assuming sol&alactic foreground and host extinction.
abundance; or (ii) a broken power law where the break energy)p0926B: While GROND observations of this GRB started
left free but the dierence in the two slopes is fixed to 0.5, and atiuickly, clouds prevented continued observations afteeva f
other parameters are left free as above. Note that fixingrrekb minutes. Further observations were done starting 6.2 hrs af
does not imply that the optighlIR SED is not fit; instead, it is ter the burst, and additionally on 14 Feb 2010. The latter ob-
fit together with the X-ray SED (the X-ray slope in generalsloeservation confirmed the fading of the candidate countegfart
not dominate the SED fit). These models provide a very goodfitalesani et al.[(2009), and the association to the host galax
to all but one afterglow SED (Fi@l 1): For this exceptiona&a as well as the redshift determination via host spectroscopy
GRB 080413B, the combined GROMKRT SED requires a dif- (Fynbo et al., 2009a).
ference>0.5 between the low and high energy slopes of the syf91221: No spectroscopic redshift is available. The afterglow
chrotron emission model (Filgas et al., 2010). Except feere is detected in all GROND filters, and ther3upper limit on
GRBs (080605, 080710, 080913, 081029, 081228, 090926Be redshift is z3.3. For a putative redshift of 2, we obtain
091221) all GRBs are better fit with a break between the X = 0.21*313 mag and\y = 1734 10 cm2.
ray and opticaNIR. The best-fit parameters are listed in th&00117A: The redshift 0fz=0.92 is contained in a summary ta-
last four columns of Tali.]2. With the exception of five burstsle in|Berger|(2010) and referenced there as Fong et al. (2010
(GRBs 070802, 080210, 080605, 080805, 090102), the SEDsrmoprep.).
the afterglows are consistent with being reddened with a@ SM.00205A: Due to cloud coverage, GROND observations started
extinction law. only 2.3 hr after the burst, and then were severdlgaed by
passing cirrus. Correspondingly, no detection was acHlieved
o the upper limits obtained by GROND were about 2 magni-
8.2. Notes on individual GRBs tudespvr\)/orse than the nominﬁll sensitivity under normal cogndi
070802 has aBox = 0.5, but since the best-fit location oftions (Nicuesa Guelbenzu et al., 2010). At about the same tim
the Spectra] break is just bluewards of [g{eband, it still re- (26 hr after the GRB), Gemini observations revealed a near-
quires a substantia, ~ 1.2 mag. This burst is also an examinfrared counterpalt Tanvir etlal. (2010) with a very redocnl
ple of a border-line case: if8ox just misses the “dark burst” of H—K = 1.6+ 0.5 mag (AB system) (Cucchiara et al., 2010a).
criterion of [Jakobsson etlal._(2004), but due to fts being If this colour is due to Lymanr absorption within theH fil-
slightly steeper than 1.0, it qualifies as “dark burst” adiog ter bandpass, then this would imply a redshift of $1z <
tolvan der Horst et all_(2009). 13.5. Lower-redshift solutions with significant local (foex-
080218B: If we assume a break of 0.5 between the X-ray arfihction, unusual afterglow colours, or substantial citmittions
opticalNIR band, as for the majority of the bursts in our sampléfom an underlying host galaxy have not been excluded though
the GROND upper limits allow the following(Ay) pairs ofe.g. (Cucchiara et al., 2010a).
(3.5,1.5) or (5,1.0) or (7,0.7) or (10,0.5) as explanatiohthe
non-detection. i i
080516: With the improved calibration, our best-fit redshift i Discussion
z=3.6+0.6. Since GROND is not sensitive to redshifts smallef ; 1he nature of dark bursts
than~3, the above redshift is consistent with zero at the 90%
confidence level. However, we use this best-fit redshift tivde In order to determine which of our bursts would have been clas
Ay which therefore could be a lower limit. sified as dark bursts according to the Jakobsson et al. |(2004)
080805: In this case there are no simultaneous GROND amf#finition, we also estimat@ox (Fig. [d) using the measured
XRT observations of the afterglow. The flux normalizationtef R-band brightnegbmit and the X-ray flux at 3 keV (both ob-
XRT spectrum was obtained by back-extrapolating the XRT aderver frame). We find a fraction of 26% (the nine GRBs
terglow light-curve to the earlier time of GROND observaso 080218B, 080516, 080805, 080913, 080915, 090102, 0904298,
080915 has a very faint X-ray afterglow (Oates et al., 2008). §90812, 090926B) that would be considered "dark”. Another
we assume a break of 0.5 between the X-ray and ogitltRl five bursts (070802, 080129, 080413B, 080605, 090814) have,
band, as for the majority of the bursts in our sample, we ptedivithin errors, allBox = 0.5. According to the classification of
r’ ~ 23.2 mag withAy = 0. This is brighter than our GROND de-van der Horst et all (2009), the following nine bursts arekia
tection limit (r’ > 25.2 mag) for this burst. Thus, various fAy) 070802, 080210, 080218B, 080516, 080805, 080913, 080915,
pairs of e.g. (3.5;0.5) or (55-0.25) or (7>0.1) provide good ex- 090429B and 090904B. These fractions of 25-40% are fully

planations of the non-detection (Fig. 3). consistent with the hitherto known fraction of dark bursfs o
090429B: Due to bad sky conditions, this burst was not seen B6%—-42% (e.g. Fynbo etlal., 2009b).
the first night, but detected in the second night at thelé/el There is one other problem with all of the “dark burst”

in the H band, but not inJ. Since GROND is more sensitivedefinitions, namely, the temporal evolution. Usually, ataier

in J as compared tél, this is consistent with a break betweenime interval is selected, based on the availability of egdtand

J andH, and thus with the photometric redshift determined bX-ray measurements, and one of the “darkness” tests applied
Cucchiara et al| (2010Db). However, given the increasing sample of bursts with not just
090904B: The object is detected in all GROND filters excepgyood X-ray but also good, simultaneous optical coverage, th
the g’-band which implies a secure upper limit on the redsif complexity of light curves as compared to the basic firelwl s

z < 5. However, they-band non-detection is also well explaineahario becomes more and more evident. We have seen all kinds of
by the large Galactic foreground reddenirig(B — V) = 1.76 different light curve behaviour, with either the optical or the X
mag Schlegel et al. (1998)). With no accurate redshift abé, rays decaying faster; sometimes this even changes in ose bur
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Wavelength [nm]

F, [arbitrarily scaled]
Brightness [arbitrarily offset]

Fig.1. Spectral energy distributions of
a selection of the long-duration GRBs
with redshift in our sample, labeled on
the right side. The X-ray spectrum has
been extracted from early times, but af-
ter the rapid fading and excluding flares,
and then shifted in mid-time to the
GROND mid-time (see text for details).
The dashed lines indicate the best-fit
model for each burst, with the break be-
tween the X-ray and optigNIR always
treated as a free parameter. Curvature in
the X-rays is due to Galactic plus host-
intrinsic absorption, and curvature in the
observed opticANIR range due to host-
intrinsic extinction (data have been cor-
rected for Galactic foreground extinc-

10"
Energy [keV] tion before fitting). For better visibility,
the intensity scaling has been choosen to
minimize overlap of the dierent SEDs,
and thus is completely arbitrary.

As a consequence, there is nothing like a simdgge per burst, ing properties are non-exclusive, and we use the definitfon o
but instead each burst shows a more or less pronounced evehn der Horst et al.| (2009) in the following): (1) Four out of
tion of Box. As an example, the behaviour of GRB 080413B ithe nine dark bursts are faint due to non-zero, but moderate
shown in Fig[2. (Av =~ 0.2 — 1.5), extinction: 070802, 080210, 080516, 080805.
. - : he measured extinction in many cases appears enhancel to th
The main results of the SED fitting with respect to th\% ; .
“dark” burst isssue can be summarized as follows (the follo bserver due to a moderate redshift of the burst (sed Fig2p).
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& 0.2 Redshift z
0.0 Fig.3. The dfect of the combination of various values of in-
w0k trinsic extinctionAy (lines with labels) and redshift, produc-
° 0.2 ing an dfective dimming in theR band as given on the y-axis.
o4 The solid lines have been computed assuming a dust extinc-
tion curve as described in_Reichdrt (1999) but with no 2175 A
Foy [0Jy) bump and an opacity due to intergalactic hydrogen appraeicha

by 7(HI) = 2.6 x (1 + 232 for 700 nm(1 + 2 < 1216 nm
(Valageas, Schéier & Silk 11999). Dots represent the GRBs of
our sample for which we have afs, measurement from the
GROND SED. GRBs with fective R-band reduction cf0.5
mag are labeled; GRBs 080218B and 080915 lie above the cor-
respondingly labeled dashed lines which correspond todirs p
of (z Ay) values described in the text. Moderag at moder-
ate redshifts can easily produce a dimming of 1-3 mag irRthe

Fig.2. The distribution of our sample GRBs in the plane oband.

R-band flux over X-ray flux Jakobsson et al. (2004). For GRB

080413B we show as a thick solid line the temporal evolution o

Box with time during the first 2 days of the afterglow evolution

(from top to bottom left). way in which the extinction models are fit to the data - our re-
sult is derived with the canonical SMC, LMC or MW extinction
laws, in the same way as was done_in Kann et al. (2010). We

One burst (090904B) is behind an additioAal~ 2 mag dust on Note in passing that using afiérent fitting approach (a 'Drude’
top of the nominaA, ~ 5 Galactic foreground which could ei- model) was reported to yield a factor 2-5 larger visual etim
ther be due to patchiness of the foreground or due to hostgaldLiang et al.| 2010).

extinction. (3) Two bursts are faint (irf) due to high redshift It is also interesting to note that the bursts with the larges
(z> 5), namely GRB 080913 and 090429B. This correspondsteasuredy are those which tend to prefer extinction laws that
a fraction of 22%:8% of the dark bursts. (4) The remaining twdnclude a 2175A feature. Unfortunately, statistics is psorone

of our "dark” GRBs, 080218B and 080915, are either at largeas to await for future, larger samples to verify whetheratr n
redshift or moderatéy, or both (see notes above) — so they behis is a generic trend.

long to one of the above two groups (1) or (3). (5) Even bursts pegpite this larger fraction of moderate to large extingtio
with good evidence for a spectral break gk = 0.5 do re- there is still a 50% fraction of bursts with, = 0, with er-
quire extinction in some cases, in particular if the breakdar qrg of only+0.02—0.05 mag (Tahl 2). This has also been some-

the optical (rather than X-ray) range. what surprising for two reasons. First, in the canonicalusie
of a massive progenitor with a strong wind prior to explosen
4.2, Extinction least some extinction from the ejected material within thiedwv

of the progenitor is expected (elg. Waters, 2010, and nefese
The rest-frame A could be derived for 33 bursts of our samtherein). Second, even if the local environment of the GRB is
ple (Tab.[2), and its distribution is compared against tHat celatively dust free, the GRB radiation has to pass throbgh t
the[Kann et al.[(2010) collection (Figl 4), made up of all ophost galaxy to reach us. Already the lattéfeet alone should
tically bright GRBs with photometry available from the lite create a mean extinction of ordéy = 0.05- 0.1 mag for about
ture. We find substantially larger extinction values, intigatar 30% of sources (Updike etlal., 2009a), and very few with high
about twice as many burstsZ5% vs. 12%) withAy ~ 0.5 mag, Avy; see Figl¥. We now observe both, a larger fractioApt= 0
and for the first time a significant fraction (10%) of burst$hwi objects as well as a larger fraction & > 1 objects as com-
Av 2 1 mag from a direct opticAVIR afterglow SED redden- pared to this, admittedly simplistic, expectation. Thesoaafor
ing measurement. Theftiérence is easily understood as a sehis discrepancy is presently unknown, but could be reléded
lection dfect (predominance of bright bursts) of the Kann et athe possibility that the dust geometry is not homogeneauts, b
(2010) sample. Note, however, that this result is not dué¢o tclumped. The relative overabundancefef = 0 andAy > 1
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EEE This sample | .
[ Previous Afterglows
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Afterglow Ny [10%cm™2]

Number of Afterglows

0.4 0.6 0‘.8 1.0 1‘.2 1‘.4 0
Afterglow Ay [mag]
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1.0
Afterglow Ay [mag]

h Fig.5. Relation, or lack thereof, between best-fit rest-frame
reginction and rest-frame neutral hydrogen absorption of
our sample. The lines are the relation for our Galaxy
(Predehl & Schmitt|, 1995), as well asxX@nd 10¢ largerNy

Fig.4. The distribution of measuredy from our sample wit
redshift as compared to that lof Kann et al. (2010). The das
line is the theoretical distribution, normalized to the samum-
ber of objects in the sample, of a Monte Carlo simulation of ra .
dom sightlines through an evolving galaxy model (Updikel gt a(from bottom. to top). GRBs 080129 and 080516 are missing as
20094). A KS-test returns a rejection probability of 54%tree €Y fall outside the plot with their larggy values.

null hypothesis that the two distributions are drawn frora th

same sample. ) . .
of the X-ray spectra, which pr8wift was typically taken 8-12

hours post trigger, by which time the signal-to-noise ratas
) _ ) insuficiently high to accurately measure any intrinsic absorp-
objects would then be determined by the covering factor hed ;g
dust column through the clumps. o Figure[ shows a comparison of theztive neutral hydro-

Itis interesting to note that thay distribution of type II-P gen absorptioNy and visual extinctiondy, both in the rest
supernovae (Smartt etial., 2009) (which comprises about®0%ame of the corresponding burst. As has been noted fretyuent
all core-collapse SN), and that of stripped-envelope sup&e i the past (e.g. Galama & Wijérs, 2001; Stratta étlal., 2004;
(Richardson et al., 2006) (which comprises 3 1Ib, 11 Ib and Isthady et dl], 2010), thidy-to-Ay ratio is far from being sim-

Ic) derived from a comparably sized sample as our GRBs, & among dfferent bursts, and substantially larger than in our
consistent with being drawn from the same underlying digtri Gajaxy. Note, however, that here, as has been usual in pievio
tion as ourAy distribution of GRBs (though many of theky  cases; solar metallicity has been assumed in derMingSince
values have errors consistent WAk = 0 at the Ir level). This the opserved curvature in the X-ray spectra is predomipantl
suggests that we sample similar environments for both @epubyt not exclusively, due to absorption by oxygen, the derizle
tions, hinting at similar progenitor systems: all thesessapvae fective Ny, is inversely proportional to the metallicity (or better
tend to be associated with star-forming regions, so theyalsm  o/H ratio) of the burst environment. Since this metallicitysha
be expected to be significantly extinguished in their hokbga peen observed (in other GRBS) to be abgétsblar (though ex-
ies. There is similar evidence that the distribution of WREyet remes of solar (Prochaska et al., 2009; Eliasdottierl 62aDY)
stars is consistent with the theoretical picture that tig®N re- up to super-solér (Savaalio ef al._ 2010’) and neafyQ solar
sult from progenitors that have been stripped of a largergfar (D'Elia et all,[2007| Rau et &l., 2010) do also occur), te@
their envelope (Leloudas etial., 2010). tive Ny would likely be even larger than shown in FIg. 5, if
the proper line-of-sight metallicity were to be used (if iere
known).

In contrast to ourAy distribution, the distribution ofNy x
Effective hydrogen absorption in excess of the Galactic forffom the completeSwift sample lacks a substantial fraction of
ground absorption has taken a long time to be detected signiero column density (Campana et al., 2010). This has been ex-
cantly in GRB afterglow spectra. Originally not detectedldin  plained byl Campana etlal. (2010) as evidence that the bursts
the full sample of BeppoSAX bursts (De Pasquale et al.,[2@03)originate within high-density regions of their hosts, sirecran-
re-analysis of the brightest 13 X-ray afterglows reveatatisti- dom distribution in a galaxy like ours would predict a siz-
cally significant absorption in excess of the Galactic oméf@ able fraction £¢30%) with no intrinsic absorption. By com-
bursts|(Stratta et al., 2004). Already 8 bursts of 17 obgkwith  bining their sample with the Lymaa-absorbers az > 2 of
Chandra or XMM- Newton up to Oct. 2004 show excess absorpFynbo et al.[(2009b) they also find, similar to earlier repéetg.
tion (Gendre et all, 2006). In a systematic study of 93 prompiWatson et all, 2007), that the bulk of GRBs have column densi-
observedwift GRBs with known redshift (up to May 2009), 85ties in X-rays which are a facter10 higher than in the optical
show evidence of intrinsic X-ray absorption at the host xala (Ny;), which they explain by ionization of hydrogen by the high
site (Campana et al., 2010). Similarly, in our sample, wedet energy flux of the GRB. Since this ratio is roughly similar to
excess absorption in 26 out of 33 cases. Thiedince in the ex- that of Niy x vs. Ay (Fig.[d), one could think thafy, and the
cess absorption detection rate is primarily related to thdity Lyman-« absorption are correlated. However, the three bursts

4.3. Gas-to-dust ratio
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with reportedNy, in|Fynbo et al.[(2009b) (070802, 071031 and This finding is in line with previous investigations
080804) do not show any correlation, similar to the 6 burstnf (Melandri et al.; 2008; Cenko etlal., 2009b; Perley et alQ®0
the UVOT sample published by Schady etlal. (2010). Fynbo et al.| 2009b). In particular, Cenko et al. (2009b)duse
similar approach as ours, namely a sample of 29 bursts fartwhi
e follow-up observations with the robotic Palomar 60 incletel
4.4. Redshift distribution scope began within 1 hr after the burst trigger. They recaver

The redshift distribution of our sample is 92% completeqals80% of the optical afterglows, as compared to our 90% with a

one of the 4 GRBs not detected by GROND has a redshift). W&0% fraction of redshifts (as compared to our 92%). A search

re-iterate that the only selection criterion was the déseatf an for host galaxies was then performed for bursts withoutrafte

X-ray afterglow, and do not see a bias introduced by the requiglow andor redshift of this sample to assess the degeneracy be-

ment of a rapid GROND observation (or equivalently an occuveen highzlow-Ay vs. low-zhigh-Ay (Perley et al., 2009). In

rence during Chilean night time). A comparison to the digtri Combination, and assuming further that the extinction miesas

tion of all known long-duration bursts (about 50% compl&ig; along the line-of-sight to GRBs is proportional to the extion

6) reveals the former to have a flatter distribution, with mee Of the host emission, these authors reach the similar csiociu

what higher number af > 4 bursts. However, a KS-test showghat extinction is responsible in large part for the “darkdts'".

that this is not statistically significant, and both disations are Some of theirAy values, however, have been derived by assum-

consistent with being drawn from the same sample witoin 1 INg @ SED slope in the optical, rather than measuring it. Give
The presence of GRBs 080913 and 090429B in our sampfié¢ prevalence of breaks (see above), this is risky.

corresponds to a fraction of 5:3.8% of bursts at redshifis> N contrast, we emphasize here, that we (1) measure the op-

5, and the strict upper limit would be 12.8% if all three GRBECa/NIR SED, and (2) make no assumptions on the host prop-

without redshift would be a > 5. A larger sample size with a €ti€s. Thus, our sample of bursts is the first with properam

similarly good completeness level would be required towderi SUredAv values which neither requires a relative shifting of dif-
fractions with errors less than the prese60% level. ferent filter measurements, as often done in the past rftersu

from the small wavelength coverage. Our only assumption is
that whenever the data prefer a break in the SED between X-
‘ ‘ e — rays and opticaNIR, we only allow a slope dierence of 0.5.
Fynbo+ sample (76) i GROND_observationg start removing the bias of previous-stud
this sample (34) i ies to bright bursts, i.e. lovd, and lowz, and start to detect
. and reliably measure these highfy-values directly. From in-
. dividual bursts not in this sample there is evidence thastsur
. with evenAy ~ 3 -5 exist (e.g. GRB 080601, Prochaska et al.
1 (2009); GRB 070306, Jaunsen et al. (2008)) — though these are
] admittedly rare occasions which require larger sample®4o i
clude them.
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