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The optical afterglow of the not so dark GRB 021211
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Abstract. We determine Johnsds, V and Cousin&, | photometric CCD magnitudes for the afterglow of GRB 021211 during

the first night after the GRB trigger. The afterglow was very faint and would have been probably missed if no prompt obser-
vations had been conducted. A fraction of the so-called “dark” GRBs may thus be just “optically dim” and require very deep
imaging to be detected. The early-time optical light curve reported by other observers shows a prompt emission with propertie:
similar to that of GRB 990123. Following this, the afterglow emission frahd min to~35 days after the burst is characterized

by an overall power-law decay with a slopd & 0.01 in theR passband. We derive the value of spectral index in the optical to
near-IR region to be.6 + 0.2 during 0.13 to 0.8 day after the burst. The flux decay constant and the spectral slope indicate that
during the first day after the burst, the optical band lies between the cooling frequency and the synchrotron maximum frequenc
of the afterglow.
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1. Introduction and near-IR observations of the GRB afterglow and find tf

. . at optical wavelengths, the GRB 021211 afterglow is signi
A Long duration burst, GRB 02121E(H2493), triggered at cantly fainter than most of the known afterglows at an epc
111873403 UT on 11 December 2002 was detected by thg_; day. The observed fluence in the 30-400 keV ene

High Energy Transient Explorer (HETE) FREGATE, WXM,%

. nd by Crew et al. (2003) together with the measured r
and soft X-ray camera (SXC) instruments (Crew et al. 2003), ﬁift z :y 1.004 + o.ooé (Del?a V?;llle et al. 2003) indicates al

was also observed by ULYSSES and KONUS (Hurley et g otropic equivalent energy releaBg,, ~ 6.1 x 10° erg for
2002). The burst had a duration ef2.3 s at higher ener- Ho = 65 kms:Mpctin aQg = 0.3 andAo = 0.7 cosmo-
Igles (85_40.0 keg/ )1gu|i zil/lobngedr (Ijturr]attljon f?f about f8.5b N tf’?)tgical model. With a cosmologic#-correction as in Bloom
OV\(/jerzenerglcrensz( _th ev) anb. d af? 3uoer|lc1\a/o %g‘(‘)eilal.(zoon the estimated isotropic-equivalent energy becol
and 2uergent in the energy bands of 7-30 keV and | Eisay ~ 1.02x 10°2 erg, an order of magnitude lower than th
400 ke\_/ respectively. This indicates that GRB 021_211 IS rresponding estimate for GRB 990123 (Bloom et al. 2003
t;](;gyrgfre k:;‘rz;(g r%V\r/eet 2',{';002336?9 :é;g;gg%;n?tfs " In this paper we present optical observations obtained ¢
u , ,p y Lrew - ( .)&r >~ . _ing the temporal gap of the light curves presented by De
+06°44'20” (J2000). Within the error circle of SXC, an optica alle et al. (2003a), Fox et al. (2003a) and Li et al. (2003) usi
afterglow (OA) of the GRB 021211 was discovered by Fox ecure pHotometrié caIibrati(.)ns '
Price (2002) ai = 08"08"5$883 ¢ = +06°43'37/88 (J2000). '
The source was subsequently also identified in a number of im-
ages taken at90, 108 and 143 s after the burst by roboti2. Observations and data reduction
optical telescopes. Thus, GRB 021211 joins the group OLe broad band JohnsoBY and CousinsRl photometric
GRB 990123 (Akerlof et al. 1999) and GRB 021004 (Fox et aT P

2003b; Pandey et al. 2003) whose early optical emissions co }%g;rvationshof tge OASwere carried dOUtI on 11 Dfe%emcl
be observed within few minutes of the trigger of the eve using the 104-cm Sampurnanand telescope of the

Spectroscopic observations by Della Valle et al. (2003) in _bserva:ctorrly, Nzi_nital and 2—m_ HilmatI)ayan Chandra Telesci‘(
cate a redshift value of = 1.004 + 0.002 for the probable HCT) of the Indian Astronomical Observatory (1A0), Hanlg

host galaxy of GRB 021211. Fox et al. (2003a) report optic’g‘f Nainital, one pixel of the 204_8 2048 pixef siz_e CC.D chip
corresponds to a square ¢f3B side, and the entire chip cover

Send gprint requests toS. B. Pandey, a field of ~13 x 13 on the sky. The gain and read out nois
e-mail: shashi@upso.ernet.in of the CCD camera are 10 fADU and 5.3 € respectively.
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At Hanle, one pixel corresponds to a square’3 8ide, and Table 1. The identification number (ID)qf 6) for epoch 2000, stan-
the entire chip covers a field 6fl0' x 10’ on the sky. It has dardV, (B-V), (V - R) and R - I) photometric magnitudes of the
a read out noise of 4.95 eand gain is 1.23 & ADU. From secondary standards in the GRB 021211 region.

Nainital, the CCDBVRI observations of the OA field along
with Landolt (1992) standard SA 98 region were obtained oD a@2000 2000 V. (B-V) (V-R (V-1
26/27 December 2002 for photometric calibrations during good (hms) (degms) (mag) (mag) (mag) (mag)
photometric sky conditions. During the observing run, severall 080856 064253 16.81 1.21 0.73 1.29
twilight flat field and bias frames were also obtained for thes 080857 064335 17.01 065 0.40 0.71

CCD calibrations. 3 080900 064352 1543 043 030  0.55

ESO MIDAS, NOAO IRAF and DAOPHOT softwares 4 080900 064303 14.25 0.90 0.53 0.96
were used to process the CCD frames in a standard way. The 080901 064826 1499 0.39 0.26 0.48
photometric calibrations derived using the six standards of thes gg0900 064747 1561 087 0.50 0.86
SA 98 region with color 1 < (V — |) < 2.14 and brightness 080903 064726 13.90 1.28 0.69 1.97
éf’zﬁ; V < 16.3 arebccp = B-(0.036+£0.01)(B—V) +(4.75+ 8 080904 064640 1660 0.53 0.35 0.65
veco = V — (0.027+ 0.01)(B - V) + (4.30+ 0.01) 9 080857 064603 1470 0.72 0.44 0.75
reep = R— (0.004+ 0.01)(V — 1) + (4.23+ 0.02) 10 080905 064545 1534 1.05 0.67 1.21
icco=1-(0.064+ 0.01)(V - 1) + (4.73+0.01)

where BVRI are standard magnitudes abgcp, vcep, F'eep
andiccp represent the instrumental aperture magnitudes n
malized for 1 s of exposure time and corrected for atmospheri
extinction codficients determined from the Nainital observe= Date (UT) _ Magnitude Exposure time Passband Telescope
tions of SA 98 bright stars. The values are 0.27,0.17, 0.11 and

0.10 mag at the zenith iB,V,R and | filters respectively on 2002 December _ (mag) (s)

the night of 2627 December 2002. The errors in the colour co-  11.9347 27014  2x1200 B 104-cm
efficients and zero points are obtained by fitting least square

Table 2. CCD BVRI broad band optical photometric observations of
he GRB 021004 afterglow. At Hanle, 2-m HCT was used while at
ginital, 104-cm Sampurnanand optical telescope was used.

linear regressions to the data points. Using the above calibra- 11.8264 223+0.20 1800 \ 104-cm
tions, BV RIphotometric magnitudes of 10 secondary standard 11.9632 >22.6 1800 \Y 104-cm
stars are determined in the GRB 021211 field and their average

values are Iist_ed in Table 1. Thx,.(Y) CCD.piers are used to 11.7549 219+ 0.21 %900 R 104-cm
conver_t coordinates mtq eque}t_onal c_oordmaig;sm 02000 Val- 11.7792 219+ 0.16 24900 R 104-cm
ues using the astrometric positions given by Henden (2002). All 11,8640 291 + 0.18 600 R HCT
the secondary stars have been observed seven times in a filter11 8730 ZZI.:LO 18 600 R HeT
and have internal photometric accuracy better than 0.01 mag. A = -

comparison of present magnitudes of the secondary stars with 11.8822 22+014 600 R HCT
those given by Henden (2002) values yields zero-poiffedi 11.8914  22+024 600 R HCT
ences of M4+0.01,0.01:+0.02,0.01+0.02 and 000+0.02 mag 11.8993  25+021 2x1800 R 104-cm
inV,(B-V),(V-R)and ¥ - 1) respectively. Zero point dif- 11.9318 22+018 2x600 R HCT

ference is thus significant M, however these numbers can be

accounted in terms of the errors present in the zero point de- 11.8028 >21.4 2% 900 | 104-cm
termination of the two photometries. There is no colour depen-
dence in the photometric filerences. These demonstrate that

the photometric calibrations used in the present work a@e Results
secure.

Several short exposures up to a maximum of 30 min we‘?él' R band photometric light curve

generally given while imaging the OA (see Table 2). In ordén Fig. 1, we plot the temporal evolution of olR band

to improve the signal-to-noise ratio of the OA, the data haveRB 021211 afterglow measurements along with those pub-
been binned in X 2 pixeP and also several bias corrected anlished by Della Valle et al. (2003a), Fox et al. (2003a), Fruchter
flat-fielded CCD images of OA field are co-added in the saneg al. (2002), Levan et al. (2002), Li et al. (2003), McLeod
filter, when found necessary. From these images, profile-fittiegyal. (2002), Park et al. (2002) and Wozniak et al. (2002) af-
magnitudes are determined using DAOPHOT software duetéw correcting for the host galaxy contribution as described in
the presence of bright star near the OT. The profile magnitudies next paragraph. We also make use of the published photo-
have been converted to aperture (about 5 arcsec) magnitudesric measurements which could be converted on the present
using aperture growth curve determined from well isolated seatiotometric scales using secondary stars listed in Table 1.
ondary standards. They ardfdrentially calibrated using the Figure 1 also shows thieband light curves of GRB 990123 and
secondary standards listed in Table 1 and the values deriveGRB 021004. Early time observations of GRB 990128 &

this way are given in Table 2. 7 min) and GRB 021211At < 11min) can be well explained
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Fig. 1. Light curve of the GRB 021211 OA iR photometric pass- for E(B—V) = 0.028 mag at-0.13, 0.35 and 0.86 days after the burs

band. Filled circles denote the present data, whereas empty squares are

data taken from the references given in the main text. The solid line

represents a single power-law fit for the flux decay after subtracting

25.16 mag, the fitted host galaxy contribution. GRB 990123 (Akerlgields o« = 1.08 + 0.01 with y? per do.f. = 5.48. The larger

et al. 1999 & Castro-Tirado et al. 1999) and GRB 021004 (Pandgy|yes ofy? are mainly due to two deviant points (see Fig. -

et al. 2003)R band data are also plotted in the figure to show theyards later epoch. As argued by Della Valle et al. (2003

relative faintness of GRB 021211 as these GRBs have the early tifg& ¢ jeviations most probably arise due to the additional ¢

optical observations. Timsis measured from the GRS trigger. tribution from a supernova component, noticeable in their sp
troscopic data.

The value of flux decay agrees fairly well with that de-

in terms of reverse shock emission, taking into account th@atmined by Fox et al. (2003a) and Li et al. (2003). The ve

GRB 021211~4 mag fainter than GRB 990123 as noticed bjyst flux decay, within a day after the burst, of the GRB 0212

Li et al. (2003) too. The GRB 021004 early timét(< 19 min) oA can be compared with those of GRB 000630 (Fynbo et

optical observations show unexpectedly shallower flux decggm), GRB 020124 (Berger et al. 2002) and GRB 0203

than that of GRB 990123 and GRB 021211 so reverse shqglrud et al. 2002) afterglowsi, which had similar tempor

explanation can be ruled out either for homogeneous or for i decay slopes and were detected 28 mag in theR pass-

homogeneous environments (Chevalier & Li 2000; Fox et @gnd, one day after the burst.

2003b).

The flux decay of the GRB 021211 OA, at time$1 min
after the burst can be well characterized by a single power I&2- Spectral energy distribution
decay plus a constant flub,0s;, component for the underlying

host galaxy and can be written as Figure 2 shows the GRB 021211 afterglow optical to nei

IR spectrum at three epochat = 0.13, 0.35 and 0.86 day
F(t) = constx t + Frost 1) using th(=T preserBVRoptical data and the pu_blisheBRJ&

observations by Fox et al. (2003a) and Bersier et al. (20(
whereF(t) is total measured flux of the OT at timeafter the The epochs are selected according to the widest possible w
burst andr is the temporal flux decay index. We fitted the abovength coverage. Where necessary, measurements are i
function using the least square regression method ledying polated at a given wavelength. We used the reddening r
as a free parameter, including the late time MRTand ob- provided by Schlegel et al. (1998) for estimating Galactic i
servations (Della Valle et al. 2003a) but excluding the HSE&rstellar extinction towards the burst and found a small va
points (Fruchter et al. 2002). This yields= 1.11+ 0.01,y?> of E(B - V) = 0.028 mag. We used the standard Galac|
per do.f. = 3.73 with host galaxyR = 25.16 + 0.05 mag, extinction reddening curve given by Mathis (1990) in col
which is consistent with the value given by Della Valle et alierting apparent magnitudes into fluxes and used ffectve
(2003a). The observations presented here follow the fitted lightvelengths and normalizations by Fukugita et al. (1995) ¢
curve well and fill the existing temporal gap in the publisheBlessell & Brett (1988), foBVR and Epchtein et al. (1994)
data (see Fig. 1). The least square linear regression to fineJ andKs. We corrected the data for Galactic extinction on
host galaxy contribution subtracted data including HST poirds the intrinsic extinction contribution from the host galaxy
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