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Abstract. We present a comprehensive study ofzhe0.43 host galaxy of GRB 990712, involving ground-based photometry,
spectroscopy, and HST imaging. The broad-baBY/RIIJHKs photometry is used to determine the global spectral energy dis-
tribution (SED) of the host galaxy. Comparison with that of known galaxy types shows that the host is similar to a moderately
reddened starburst galaxy with a young stellar population. The estimated internal extinction in theMyost %15 + 0.1

and the star-formation rat&FR from the UV continuum is 1.3 0.3 M, yr~* (not corrected for thefects of extinction).

Other galaxy template spectra than starbursts failed to reproduce the observed SED. We also present VLT spectra leading to the
detection of Hr from the GRB host galaxy. SFRof 2.8+ 0.7 M, yr~! is inferred from the K line flux, and the presence of a

young stellar population is supported by a large equivalent width. Images fron/SHIES show that the host has two separate

knots, which could be two distinct star-forming regions.
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1. Introduction largest telescopes to obtain high signal to noise ratio spectra.
Ground-based broad-band photometry presents a useful alter-
For all but one of the Gamma-Ray Bursts (GRBs) where thg e for investigating the spectral energy distribution (SED).
position of the X-ray, optical, or radio afterglow has been 10- g ojatively small size of GRB hosts sometimes makes
calised to an accuracy of less that, follow-up deep obser- y gigcylt to tell which morphological type it is, e.g. whether

vations have revealed underlying galaxies. The current samplg 5 ia| intensity profile of the galaxy is best fitted by an ex-
consists 0f~45 such GRB hosts, and35 of these have mea-j,,,ania) disk profile or an elliptical profile. However, studies

sured redshifts in the rangelB8< z < 4.5 (Hjorth etal. 2003; o 55me hosts with the HST have shown that an exponential
Andersen et al. 2000) and have magnitudesR < 30. The  ,oije provides a good fit to the surface intensity distribution
faintness of the hosts requires long integration times on th§awahn et al. 1998; Fruchter et al. 2000; Hjorth et al. 2002).
Comparing the SED of the host with the SEDs of known galaxy
Send gprint requests toL. Christensen, types provides an alternate method of estimating the galaxy
e-mail:1christensen@aip.de type. Sokolov et al. (2001) analysed 6 GRB hosts in this way,
Based on observations collected at the European SouthgHpwing that all of them had SEDs characteristic of starburst
\C;EJTser\éaStooryb La Silla, WItr:I].G??-I gf& |3'6 ”:j t'i'g;?_io'gi*&’l\'g* aMalaxies. This is expected if GRBs are associated with massive
( rogrammes c () an Vo ( ).‘ a llapsing stars as suggested by Woosley (1993) and Wijers
265.D-5742(B)) by the Gamma-Ray Burst Afterglow Collaboration at, al. (1998) and recently observed for the GRB 030329 (Stanek
ESO (GRACE) group. Further based on observations with the Danl%h ’ . y
1.5 m telescope. et al. 2003; Hjorth et al. 2003). A small age for the burst pop-
** Based on observations with the NAGZSA Hubble Space Ulation gives an indication that GRB progenitors_, are massive
Telescope, obtained at the Space Telescope Science Institute, whl&§S, whereas SED ages much longer than the life times of the
is operated by the Association of Universities for Research [0St massive stars could indicate a binary merging event as the
Astronomy, Inc. under NASA contract NAS5-26555. cause of the GRB (Eichler et al. 1989).
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The GRB 990712 host is bright relative to other GRB host8, Imaging and photometry
and therefore serves as a good case for studying the m'{#\t/_ .
band SED. This paper is one in a series of papers on hgtha;/eG;réag/ggglbzoﬁhground bdazed a:jndeST |rtr_1ages of t.hf
SEDs of GRB hosts. Studies of the hosts of GRB 000210 afa > - 1€ ground-based observations consis

GRB 000418 are presented in Gorosabel et al. (2003a) a(lcjp e?e\:]iu'\r]]H't? rllr::;gtes A(Ijlbé?;eed d?[;ﬂrint d?tzshand using b
Gorosabel et al. (2003b), respectively. ! instru s presented here were ob-

) ) tained more than one year after the burst, so that the flux con-
The previous s_tudlgs of the GRB 990712 afterglow and th&, ;iion from the afterglow is negligible. The data obtained
host are summarised in Sect. 2. In Sects. 3 and 4 we pre the Danish 1.5-m in September 2000 consist of images in
photometry and spectroscopy of the GRB 990712 host. TBgqseB v andR and Gunn filters, and theJ band data were
morphology of the host is investigated in Sect. 5. A cOMPafiytained at the ESO 3.6-m telescope the night of Aug. 13, 2001

son of the SED derived from all the observations with spectr@éing the EFOSC2 instrument. Near-JRKs images were ob-

synthetic templates is described in Sect. 6. In Sect. 7 we el ad at the NTT with the SOFI instrument over two nights

mate theSFRof the host galaxy using tWFRestimators; first ¢, Aug. 1-2, 2001. Only the first night was photometric ac-

using the UV continuum and second the khe flux. In Sect. 8 cording to the ESO webpabe

we discuss the results. In order to obtain a more reliable optical estimate of the
Throughout the paper we assurfd, = 0.3, Qx = 0.7 SFRof the host of GRB 990712, we performed spectroscopic

andHp = 65 km s Mpc™. At the redshift of the hosz = observations centered ondHusing FORS2 on the VLT.

0.433, the luminosity distance & = 7.93x 10°” cm. The following sections describe the details of the data re-

duction, calibrations and combination of théfdrent data sets.

2. GRB 990712 3.1. HST/STIS images

GRB 990712 was detected on July 12 1999 at UT 16:43:0Bhe HSTSTIS images of the host of GRB 990712 were ob-
by the Italian-Dutch satellite BeppoSAX (Frontera 1999). THained on April 24, 2000 as a part of a survey of GRB hosts
burst had the strongest afterglow observed in X-rays to tH&ruchter et al. 20008) The GRB hosts are observed through
date. Its afterglow was found approximately 4 hours after tlaeclear (unfiltered) aperture (the 50CCD filter, which in the fol-
trigger by Bakos et al. (1999). A spectrum obtained shortlpwing analyses will be called the CL filter) and a long pass
after revealed a redshift af = 0.433 from the emission imaging filter, F28x 50LP (called the LP filter).

lines [Om], [O 1], Hy and KB as well as Mg and Mg ab- The sensitivity of the CL filter extends from 4000 A
sorption lines (Galama et al. 1999; Hjorth et al. 2000). THe 9000 A, with its peak at5800 A, which falls within
relatively low redshift makes it one of the closest GRB hostthe V passband. The sensitivity of the LP filter extends
Only the GRB 980425 at = 0.0085 (Galama et al. 1998),from 5500 A to 9000 A, with its peak at6000 A. The total
GRB 011121 az = 0.36 (Infante et al. 2001) and GRB 030329ntegration time of the GRB 990712 host was 4080 s in each
atz = 0.168 (Greiner et al. 2003) were nearer. filters.

A spectrum of the combined flux from the host and the af- The individual images are combined using DITHER I, a
terglow was obtained by Vreeswijk et al. (2001a) 1.5 days affeckage which includes several tasks needed for combining
the burst. Because of the brightness of the host, the spectidithered HST images. Fruchter & Hook (2002) describe the

shows distinct absorption lines and emission lines from the h&ézzling of WFPC2 images, and we adopt this process for
itself. the HSTSTIS images. This method allows a higher resolu-

tion in the final images than in the original STIS images. In
the drizzling of the STIS images of the hosts, the parameters
pixfrac = 0.6 andscale = 0.5 were used. This gives an out-
put pixel size of 00254 pixet! in a 2k x 2k frame.

The [Om] emission line flux was measured to be (387
0.2) x 1071 erg cnt? st (Vreeswijk et al. 2001a), which
corresponds to &FRof 2.7 + 0.8 M, yr~! using the con-
version from measured flux to @FRfrom Kennicutt (1998)
(Hereafter K98). Converting the flux at restframe 2800 A to
a SFRgives a similar result. An internal extinction &, = 3.2, Ground-based optical images

3.4*2% was inferred from the flux ratio of the hydrogen lines . . ,
Hy/HB. The host was observed at radio frequencies (1.4 GHZ}e DFOSC data in thB, V. Rand| filters consist of 11, 15,

by Vreeswijk et al. (2001b), who did not find any radiatior}>: @nd 59 frames having total integration times of 12900 s,
from the host to a limit of 7@Jy. This upper limit implies that 10 80(_) S 7600 Sy and 39 950, respectively. The individual in-
the total unextincte@FRin the host is less than 100, yr?. tegration t|m(_as in each filter were not of equal Iength. .

This is in great contrast to the measurements of the host of 1€ raw images were bias subtracted after inspection of
GRB 980703, which was found to hav&&Rof ~500M,, yr! the overscan region of the CCD. Any residual structure in the

measured from its radio flux (Berger et al. 2001; Berger et Qi_as level was corrected for using a normalised median filtered

2003). The GRB 990712 host has an IR-luminosity which is: http://www.eso.org/gen-fac/pubs/astclim/

20 times less than that of the luminous GRB 980703 host. Trﬂ.&‘ecast/meteo/CIRA/imageS/reposj_tory/lossam/

suggests that fferent types of galaxies can host GRBs some? The FITS files of this and other hosts can be downloaded at
having more dust enshrouded star formation than others. http://www.ifa.au.dk/~hst/grb_hosts/intro.html
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bias image. The images were flat-fielded using flat fields o - ' ’ ; e
tained from a combination of several twilight sky observation . . - d »
The selected flat fields produced reduced images in which 1 ' 20 ' o
background signal varied by less than 2%, which is the lim’ ' y .

for DFOSC data. The reduced images were WCS calibrat 10 ' .
with a pipeline written by Andreas Jaunsen (ESO, Santiag( : : o @
Approximately 50 reference stars from the USNO2 catalogi ) A
were used to compute the astrometry. From the WCS ce . ® @
brated images, the shifts and rotations between individual it e
ages were found. The images were drizzled in much the sa _ = :
way as the HST images, not altering the pixel scale so the pi; N 6 - -

size of the output image i<'89 pixel?. TR YL @

The drizzling method was tested by comparing the fin ‘ c Oq

drizzled image with a median filtered image. The drizzlin - o

method gave a higher/8 for faint objects compared to the

median combined image. oo T ' -
Another problem to take into account is the fringes that ap-

. . . . 1.1 band field surrounding the GRB 990712 host. North is up and
pear in thel band images and which depend on backgrou eggst is left as indicated, and the lengths of the arrows’afehg stars

Ieyel and consequently on the mte,grat'on time. AthOUQh tl?]% oted 1-6 are secondary reference stars, and the stars denoted A, B,
fringes are_ large scale structures in the DF,OSC |mqge§ _@,aﬂnd D correspond to the reference stars 1, 2, 3, and 4 in the paper
should not introduce a large error when combining 59 individs sahy et al. (2000). The GRB host itself lies very close to the circle
ual images, they can be removed by construction of a fringgrounding star A, and is not visible in the representation here. The
frame image. Such a frame is produced by replacing the pixegnitudes of the stars are listed in Table 1.
values of all stars with a small pixel value, while also replac-
ing their neighboring pixels and combining the images using
a threshold rejection. The resulting fringe image was scaledetinction codicient in theU band, and colour term of the
the exposure time of each image and subtracted. This remo®&ht were given by Ramana M. Athreya (private communi-
the fringes from the images in almost all cases. In a fe)( cation). TheU band magnitudes of the reference stars A, B,
images the background was higher, and the fringes were fg-and D were measured in the 4 individual images, and the
moved by subtracting a scaled fringe frame, with a scale factbagnitude of the host was obtained using relative photometry
higher than the integration times. in the coadded image using a®radius aperture. This aperture
The photometric reference stars in the field were adopte@s the same used for the DFOSC images. The resulting mag-
from Sahu et al. (2000) and no re-calibrations of the field in tHdtudes of the host in all filters are given in Table 2. The photo-
VRIbands were done. Some of the reference stars in Sahu eftric measurements were checked with SExtractor (Bertin &
(2000) were saturated in the longest DFO8(R and| band Arnouts 1996), and with aperture photometry we found magni-
exposures so the shortest exposures were analysed in ordé#dgs consistent with those in the table withindrrors.
find secondary standard stars in the field which could be used as
photometric ref_erence stars in 'Fhe combined frame. The magiz .. -+ based near-
tudes were derived by performing relative aperture photometry
on the field with the PHOT package in IRAF. A section of &or the reduction of the near-IBHKs SOFI data, a sky im-
DFOSC image is shown in Fig. 1 where the stars denoted A,&je was constructed from 6—10 object images obtained imme-
C, and D correspond to the standard stars in Sahu et al. (2003tely before and after each frame. The number of images de-
while the numbers represent the secondary standard stars. féreds on the quality of the sky subtraction which was evaluated
magnitudes are listed in Table 1. by eye. The sky subtracted images were divided by a flat field
For theB band, calibration images were taken in June 20@btained from the NT/SOFI webpages. A flatfield multiplied
using the Danish 1.5 m with DFOSC. The standard fielglith an illumination corrected image shows variations on the
PG 1657 from Landolt (1992) was observed 4 times durirggder of 0.2% during a month, and the reduction described here
the photometric night. This field contains 4 standard stagave flatfield accuracies of 1%.
Only B band data were taken of the field containing the host The integration times were 3415 s, 40x 15 s, and 20k
of GRB 990712. The uncertainty of th® band calibration 15 s for theH, Ks, andJ band respectively. The exposures
is 8% as estimated by standard procedures in IRAF. The were divided into two sets, one for each day, which were re-
rors are propagated in quadrature assuming that the errorscareed separately. Standard star observations were done right
independent. after the science exposures. The extinctionféoents were
The U band data consist of 4 15 min and one 10 min adopted from the NT/SOFI webpages. The corrections for at-
exposures. The images were reduced in the standard way am$pheric extinction are small, because the standard star ob-
coadded using the drizzle program without changing the pixarvations were performed at an airmagiedent by only 0.1
sizes. The night was photometric according to ESO’s morfiem the science observations. Likewise, the colour terms in the
toring of the night sky conditions at La Silla. The zero poinfjear-IR are small{0.02). The images of the standard star were

. E . t & v .

IR images
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Table 1. Magnitudes of the secondary standard stars. The “~" signs appear where the magnitudes for the stars have not been derived
because they were saturated in some images, which was the case of the B and C stars, or they were faint and therefore gave large photc
errors ¢0.08). These were disregarded in the case ofdh®, and near-IR bands of the secondary standards 1-6VRheand magnitudes

of A, B, C, and D are taken from Sahu et al. (2000).

Std. U B \Y R I J H Ks

1 - - 19.84+ 0.02 18.76:£0.02 17.48:0.03 - - -

2 19.16+ 0.07 - 18.21+0.01 17.87+0.02 17.48:0.03 - - -

3 - - 19.08+0.02 17.94:0.02 16.57+0.03 - - -

4 - - 18.90+ 0.02 18.37+0.02 17.86+0.03 — - -

5 - - 20.72+0.04 19.73:0.02 18.68:0.04 - - -

6 - - 19.21+ 0.01 18.31+0.02 17.34:0.03 - - -

A 18.80+0.06 18.80+0.06 17.16:£0.01 16.40+0.01 15.64+0.01 14.82:+0.02 14.20+0.03 14.04+0.04
B - 1791+ 0.05 16.98:0.01 16.65+0.01 16.29:+0.01 15.91+0.02 15.60+0.04 15.57+0.03
C - 17.69+ 0.07 16.46+0.01 15.97+0.01 15.50+0.01 14.96:0.02 14.51+0.04 14.42+0.04
D 17.69+ 0.07 17.33:0.06 15.91+0.01 15.27+0.01 14.650.01 13.99+0.02 13.39%+0.03 13.28+0.03

Table 2. Magnitudes and corresponding fluxes of the host dbalactic reddeninggs_y = 0.033 estimated from the dust maps
GRB 990712 from all ground based observations. The fluxes in ColpBSchlegel et al. (1998). Then the magnitudes are converted to

are obtained by correcting for a Galactic reddenindeefy = 0.033, AB magnitudes. Due to the faintness of the host in the near-IR,
and dfsetting to the AB system before converting the magnitudes {e errors are dominated by sky noise.

fluxes. The flux errors do not include the uncertainty of the Galactic : ; ;
. ) ) . . CeM"~ The near-IR magnitudes were obtained using the flux en-
reddening. TheR band magnitude is consistent with that derived in g 9

Hjorth et al. (2000) closed within a circular radial aperture df2L At optical wave-
' ' lengths, the flux of the host is not contained within this aperture
due to worse seeing. In order to get the right colour of the host,

filter magnitude flux £J . .
g 4%) an dfset equal to the flierence in thd band magnitude be-
U 23.12+ 0.05 1.00+ 0.05 ; .
tween an aperture of/2 and 24 was added. This will then
B 23.36+ 0.09 2.00+ 0.06 . . .
provide the right — J colour, as well as a smaller photometric
\Y 22.39+ 0.03 4.43+ 0.16 .
error. The same method was applied for thandKs data. As
R 21.84+ 0.02 6.31+ 0.20 . . . . . .
long as the colour gradient in the host is negligible, this does
| 21.41+0.03 7.01+ 0.29 .
not change the near-IR magnitudes one would have calculated
J 20.81+0.17 7.68+ 1.21 . . L
from larger apertures. The colour gradient of the hostis negligi-
H 20.25+0.19 8.2+ 1.47 ble at a radius larger tharf Bstimated from the morphological
Ks 19.98+ 0.28 6.74+ 1.71

study of the HST images described in detail in Sect. 5. We find
that there are colour gradients in the centt&l%) but this has

analysed in order to find the zero point in each filter. The tranf&? i”_‘paCt on r:aﬂii Iarlger thart’Z.dTheK blansihmaglnitude IS
formation equations did not include a colour term, as this pr(c‘)(—)nSIStent with the value reported in Le Floc’h et al. (2003).

duced uncertain fits, are given hist = j1+ Jsig, Wheredinst is
the instrumental_magnitude adgly is the standqrd_magnitudezl. Spectroscopy
The transformations for thid andKs data are similar. The fit-
ted zero points arejl = 23.06 + 0.005,h1 = 22937+ 0.003 The host galaxy of GRB 990712 was observed in service mode
andkl = 22367+ 0.004. These zero points agree with thavith FORS2 at UT4 of ESO’s Very Large Telescope on July 18,
values posted on the NTSOFI webpages. 2001. The exposure time was 10 min, and the grism used was
The shifts between the reduced images were found usiB&lS 600223 with order separation filter OG590, giving a
precor, crossdrizz andshiftfind, and the images in eachwavelength range of 7400-10700 A, which includes the red-
field were combined usingmcombine. The images were com- shifted wavelength of the host galaxy'sxHat 9404 A. The
bined using a common median zero-point background valsif width was set to 1, resulting in a resolving power of
and applying a bad-pixel mask obtained from the SOFI wespproximately 1400. The seeing during the observations was
pages to reject hot or dead pixels in the combination. around 08. The spectrum was reduced in the standard fashion,
The magnitudes of the reference stars (the same 4 starsigisg IRAF. The wavelength calibration was performed using
in Sahu et al. 2000) were measured in 10 individual frames f@HeNeAr lamp spectrum; the resulting scatter is 0.02 A.
each filter, and the magnitude of the host was found by per- The resulting spectrum has a brightrH¢mission line at
forming relative photometry to the 4 stars in the co—added if8404 A which has an observed equivalent widiv() of 180+
ages. The magnitudes of the reference stars are presenteDiA estimated from fitting the continuum level by spline poly-
Table 1, and the near-IR magnitudes of the host are givenriomials of diterent orders. A small part of the spectrum is
Table 2 which also presents the fluxes in the various bandeown in Fig. 2. One clearly sees therHine and also at
The fluxes are obtained by correcting the magnitudes for tliev S/N levels, the [N1] 26583 line and the [8] 16717.
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Fig. 2. Section of the spectrum containing the redshiftedlide. The 5 ;
spectrum has been wavelength calibrated, and set to a flux scale cor- c - 0
responding to the continuum level of 7.38y estimated from the '
SED analysis. The redshift measured from the khe is 0.4331.
At 9436.4 A a faint emission line from [N] 16583 is present, cor-

responding taz = 0.4338 after applying a standard air to vacuum = ‘ . : ‘ B : 3
correction, and at 9621 A a line from [§ 16717 corresponding to

z=0.4328 can be seen.

Fig.3. A STIS CL image of the host of GRB 990712 overlayed by
a contour plot shows that there are two intensity peaks in the im-

L . _age. The scale of the plot ig'3< 3”. The distance between the two
The measure@&W of the Hy line indicates that the host is & eaks is 10 drizzled pixels, ot'B5, which corresponds to a separa-

young star-forming galaxy. The starburst99 models prOViqui)é‘n of ~1500 pc atz = 0.433. At the time of observation more than
relation between the rest frameHEW and the age of a stel- gne year from the burst the flux contribution from the afterglow will
lar population (Leitherer et al. 1999). With a rest fralB®/ pe negligible.
of 125+ 28 A one would expect an instantaneous starburst age
of ~6 Myr according to the Starburst99 models, assuming so-
lar metallicity. A lower metallicity oZ = 0.001 would increase magnitudes in these filters roughly corresponds to the restframe
this age estimate by a factor of 2. Furthermore ENéof H8 B - V colour. TheB - V colour of the NW knot is B + 0.1,
reported in Vreeswijk et al. (2001a) supports a starburst ageapid the colour of the SE knot is®+ 0.1 within an aperture
~6 Myr according to the Starburst99 models. In the case obéradius 0076 (i.e. 3 drizzled pixels). The colour becomes
continuous star formation rate of M, yr~* the inferred age more red with increasingly larger photometric apertures (up to
from theEWis ~60 Myr, i.e. in both scenarios the presence @15 radius, i.e. 6 drizzled pixels), but the colour gradient in
a young population is inferred. the NW knot is smaller than in the SE knot. At larger aper-
tures, the colours will be contaminated by flux from the other
knot. The diferences in colour could be caused byfatient
ages of two starburst regions, the bright blue knot being slightly
In the HST images the size of the GRB host'i8 ¥ 079. The younger than the fainter. Another explanation could be a rela-
STIS images have revealed that the host of GRB 990712 fissly larger extinction in the NW knot. If the colour excess,
two separate intensity peaks, and neither of these are locateB@t,, of the faint knot is larger than 0.34 than for the bright
the geometrical center of the host. An image and a contour ghoiot, this could explain the colour fiierence. Compared to
of the host is shown in Fig. 3. The rightmost knot (south-eastthe overall extinction estimated from the SED this is relatively
SE) is~1 mag brighter than the left (north-westNW). The large. Even though we find no evidence for a large extinction
GRB occurred in the SE knot withirf 048+ 07080 of the cen- from the SED analysis as explained in Sect. 6, the morphol-
ter. The afterglow itself will not contribute significantly to theogy of the host supports the presence of twfiedent stellar
flux of the host if a break in the light curve is present arountbmponents.
one day after the burst as suggested iorB§son et al. (2001).  Most interestingly, the GRB was coincident with the center
If no such break occurred, the contamination of the SE knot dothe blue SE knot (Bloom et al. 2002b). This location of the
to the late time afterglow will be5%. If a supernova of similar GRB corresponds to the bluest part of the host, which likely
brightness as SN 1998bw is present at the time of the obsetugks the GRB to a star-forming site. If the two knots were the
tions, it would have the magnitudé~ 27.0 atz = 0.433. This result of a merging of two components, then one would expect
magnitude is calculated assuming a similar late time superndweasee further evidence of the tidal interaction in, for example,
light curve contributing to the total flux in addition to the aftertuminous tails. This is not apparent in the image, but for low
glow. If a SN is present, the contamination of the SE knot withass systems bright tails are probably rare. One should note
be an additionat5%. that the surface brightness of tidal tails can be low and thus
The colours of the two knots were analysed by perforndifficult to detect, since the redshift of the host gives a further
ing aperture photometry centered on each knot using both thetor (1+ 2)* dimming of the surface brightness assuming a
CL and LP images. At a redshift af= 0.433 the dfference in standard cosmology.

5. Morphology of the host galaxy
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6. Spectral energy distribution of the host for the templates. The error in the extinction was estimated

from results of the fits for which thg? per degree of free-

The magnitudes in Table 2 were used to compare to theoreti&gm 2/d.0.f.< 2, and all these fits gave an age of 0.255 Gyr
galaxy template spectra from Bruzual & Charlot (1993). Th igure 4 shows the best fits when using templates from a Miller

was done by the program HypérZescribed in Bolzonella & Scalo IMF (thin line) and a Salpeter IMF (thick line) re-

etal. (2000)' H.yperZ was \_ert.ten mainly forobtaln[ng the phos— ectively. Both templates gave the same values for the ex-
tometric redshifts of galaxies in large surveys, but it also servt?ﬁa

th for finding the best matching th tical gal ction and age for the best fit. The fit to the thin line has
€ purpose for finding the best matching theoretical ga a)a(lyreduced,\/z/d.o.f. = 2.82 and a fit to the thick line has

template for a given set of broad band observations. The tena-/d o.f.= 0.959. The largest fierence between the two tem-

g:ﬁﬁz:s?r;sitcs;e;[[l?/gis)lijze;eéglrgs:as O(Eﬁ';?;';g??ﬂ”;ﬁg: fhtes is in the near-IR, where our photometric points have
p g e large uncertainties.

histories. The time evolution is described BF¥R« exp(-t/7), i .
wherer is theSFRtimescale which increases along the Hubbl\(; Fitting the SED to other types of galaxy spectra give larger

sequence, withh — 0 in the case of an instantaneous starbur plues ofy”, €.9.y*/d.0.f.= 14.3 for the best fit to an iregular
L alaxy template, angt/d.o.f.= 16.2 to an elliptical galaxy. For
The metallicities of the templates are equal to the solar val y b et/ b g y

e | late, all th -IR fluxes wéke
Z = 0.02. Gorosabel et al. (2003a,b) have shown that for t ¢ latter template, all the measured near uxes

GRB 000210 and GRB 000418 hosts, the metallicity is a e Slow the template flux. Generally, all other templates besides

q iable i ; o the i t of th s(fgrburst templates fail to reproduce the flat continuum from
ondary variable in comparison to the impact ot the assumghag_o5 000 A, while at the same time fitting the Balmer jump
IMF and the extinction law.

at the rest-frame 3646 A. Thus, we infer that the host is most

. We used both the Miller & Scalo (1979) initial mass funCl'ikely a starburst galaxy with a stellar distribution similar to a
tion (IMF) and the Salpeter (1955) IMF for stellar masses b%’alpeter IME

tween 0.1 and 12B/,, for calculating the templates. The Miller The precision of the age estimation relies upon the accu-

& Scalo IMF produces fewer massive stars compared to £ . : :
. racy of how well the Balmer jump is sampled. At the redshift
Salpeter IMF, and at masses below, the Miller & Scalo ¢y oot this jump will lie at-5200 A. It is seen in Fig. 4

IMF is tiatter (Miller & Scalo 1978). The largest fibrences that with the current set of broad band magnitudes this jump

bgtween the template; are at th? req and near-IR Wavelc_eng@\%le" sampled. Therefore, the age of the dominant population
Different amounts of internal extinction can also be applied Q stars is well constrained. However. if more than one popu-

tr}ethterpplatefs. Irr this way, thg StED fltltlngt_all?_ws :lm t(:]stlmal tion of stars is present in the host, this will change the age
ot ?h ypedo hgf? afxtﬁ a?e, a? i n ernaf_ex(;ntc I'?hn. n | € afnt etermination somewhat as explained in Sect. 6.1.
ysis the redshift ot the templates was hixed to the valué otthe 1o o inction found by HyperZ i&y = 0.15 using the ex-

?OSI € - &‘43:.3) j LeangOTzS}:lhgtggg)etn%_rehd_shzghot ‘f.’lst a ttinction curve from Calzetti et al. (2000) appropriate for star-
ree variable givegphet = U.440+ D.ULU, which 1s consistent . galaxies. The extinction measured from emission line

with the spectroscopic one. This additional free parameterdgtﬁathS wasAy = 3.4*24 which is consistent with a small ex-

not change any of the resulting values from the best fit besides .- "o o4 fr_ol'r%’ the SED. We also tried to do the SED

changing the reduceglz.by a small amount. The agregmenﬁtting with other extinction curves. Thay found by Hyperz
between the photometric and the spectroscopic redshift shQN found not to vary muchAy < 0.2 in all cases) using the

that the SED fitting technique is reliable for estimating Oth%rxtinction curve of the Milky Way (MW) from Seaton (1979)
properties of the host. '

- . the Large Magellanic Cloud (LMC) from Fitzpatrick (1986),
The goodness of the fit is evaluated by the expression: and the Small Magellanic Cloud (SMC) from Prevot et al.
2 Fhosti = KX Fempi\? (1984) respectively. Acceptable valuesydf/d.o.f. < 1.5 for
X = Z ( - (1) the fits were found using the starburst, LMC, and SMC extinc-
i 7 (Fhosi) tion curves, so the extinction curve could not be constrained
from the SED. A larges?/d.o.f. = 2.2 was produced using
a MW extinction curve, which suggests that the dust in the
ror, andk is a normalization constaremy is the flux of the NOStis diferentthan from MW dust. This is in agreement with
template in the filtef, which is calculated using the through_results obtained from other GRBs, where the extinction law

put for the given filter and instrument. For the DFOSC argfS Peen inferred from studying the afterglows. Jensen et al.
EFOSC data, the filter transmission was convolved with t#@001), Fynbo et al. (2001), Lee et al. (2001), and Holland
quantum éiciency of an ESO LORAL CCD in order to calcu-et al- (2003) find that the SMC extinction law gives a better fit

late the throughput. For the NTT data, the combined through@¢multiband observations of the afterglows of GRB 000301C,
of SOFI and the filters were used. GRB 000926, GRB 010222, and GRB 021004, respectively.
The SED of the host was best fit by a starburst template, /oM the SED of the host we can determine the abso-
This confirms the conclusion in Vreeswijk et al. (2001a), dét¢ magnitude in various bands by convolving the restirame
rived on the basis of emission lines, that the host is a starbufgEctrum of the best fitting template with various filter trans-

galaxy. The best fit model has a starburst age of 0.255 @JfSsion curves. This giveblg = -18.8, My = -199, and
and an extinction oAy = 0.15+ 0.1 using a Salpeter IMF MR.= —_20.3 in the assumed co;mology, corrected for Galactic
extinction. This absolute magnitude is comparable to that of

3 http://webast.ast.obs-mip. fr/hyperz/ other hosts (Bloom et al. 1998, 2001; Sokolov et al. 2001).

where the sum is to be taken over all filtersThe flux values
of Frost are found in Table 2¢(Fposii) is the photometric er-
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Fig. 4. Best fit of the GRB host SED to synthetic spectra calculated by the HyperZ program. The synthetic spectra are shown by the two solid
lines and the dots denote thiBVRIJHKs fluxes from Table 2. The horizontal errorbars indicate the FWHM of each filter. The thin line shows a
template spectrum calculated using a Miller & Scalo IMF while the thick line is calculated using a Salpeter IMF. The values of the photometric
redshift, age, and extinction are given as inserts in the panel. A starburst extinction curve is used for the calculation of the extinction.

The luminosity of the galaxy is less than the characteristic Ipepulations of stars, i.e. a young burst superimposed onto an
minosity L* given by the Schechter function. For field galaxieslder population.

a value ofMg = —21 is typically assumed, while for starburst  The method applied was as follows. We created two new
galaxies at high redshift this magnitude is highly uncertain, bgtps; a red and a blue one, whose sum was the total SED of
is likely to be brighter thar-21 (Lilly et al. 1995). GRB hosts the observed galaxy. The two objects were run though Hyperz,
have been shown typically to be under-luminous (Le Flocfhding the best fit templates using the same templates as in the
et al. 2003). From the early optical light curves of the optkingle population case. The best fit spectra of the two popula-
cal tranSient, obtained in the, R, andl bands when it was still tions were summed and Compared to the broad band fluxes of
bright, Sahu et al. (2000) estimated the luminosity of the undefz host, and the? s of the fits were calculated using Eq. (1).
lying host to be of the order df*. Using high spatial resolution |t \as then investigated by iterations if a bluer first population
HST images Hijorth et al. (2000) refined the luminosity of thgius a redder second population would produce a better fit to
galaxy to be 0.2". the observations.

This process was done first with two populations of similar
total flux. In a second run, the observed flux was partitioned
6.1. Two population fits into 80% for the first population and 20% for the second.

We found that several two population models were able to

The scenario described above, where the whole spectrunfibthe observations witly?/d.o.f.~ 1. As shown in the upper
the galaxy can be represented by one single burst of star feanel in Fig. 5, the total flux can originate from two rather sim-
mation is likely too simple. One must expect that more thdlgr instantaneous burst populations. In this specific case, one
one burst of star formation would contribute to the total mi®f the populations has an age of 0.36 Gyr and an extinction of
of stars observed. With the knowledge that some GRBs origiv = 0.12, while the other has an age of 0.18 Gyr and zero
nate from collapsing massive stars, we would expect a poplgétmctlon The fit of the summed spectrum to the observations
tion of younger stars to be present, which is supported by t#§e/d.0.f.= 0.66.

largeEW of the Hx line. We therefore investigated whether the  Another scenario could also explain the properties of the
SED of the host could be explained by a superposition of twmst. The lower panel in Fig. 5 shows the result of the first
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10¢ We interpolate between the observed flux inthand theB
gl band, and the flux at the wavelength 2800 A is estimated
r assuming a powerlaw spectrufhest o 2. We do not consider
2 61 any best template fit for the calculation of the flux at this wave-
2 r 1 length. The total luminosity at 2800¢12) A can be calculated
X 4k 7 giventhe cosmological model, and converted to an ovEfaiit
= r 1 ofthe host. K98 gives the relation between the UV luminosity
oL J and theSFRfor a Salpeter IMF.
0E=A" | | | 1 SFRMoyr)=14x10%xL,yy [erg s'HZY|. (2)
3 4 4 4
5.0-10 og.s%.r%/?a d wa\ll.tfl.e}%th ( A%'O'lo This expression is adequate for galaxies with constant stellar
formation over time scales of at leasi@ars. The cdiicient
that links theSFRwith the UV luminosity (1.4x 1028 in the
10: case of Eq. (2)) is significantly lower in younger stellar pop-
gL ulations present in starburst regions. Thus, 8#Rhas to be
r 1 considered as an upper limit. However, in starburst regions dust
’,_,S 6L ] is expected to be present, and a correction for dust extinction
2 A | is necessary in order to find the UV flux. We have in the SED
5 4L - analysis found only a small global extinctioffiect, but it could
= L 1 Dbe locally higher if the medium is clumpy. For instance, the
2+ -|  appreciable extinction inferred along the line of sight to some
, 1 afterglows derived from the curvature of the neafeiiical af-
0 3 —7 —7 —7 terglow SEDs in e.g. GRB 000301C in Jensen et al. (2001),
5.0-10 1.0-10 1.510 2.0-10 and GRB 000926 in Fynbo et al. (2001) seem to indicate that

observed wavelength (A) GRB progenitors tend to be embedded in dusty local regions.

Fig. 5. Two examples of the best fits for two populations. In both pafdigh Ny values derived from X-ray afterglow spectra also sup-
els the best fit spectra for each of the components are shown algayts this scenario (Piro et al. 2002). This will lead to an un-
with the summed spectrum. In the upper panel, the lower spectrglarestimate of the local extinction, and hence of SR This
corresponds to a 0.18 Gyr starburst population, the middle spectrapposite €ect may mitigate th&§FRoverestimation entailed
to a 0.36 Gyr starburst population, and the upper spectrum to a sgEq. (2). The estimate8FRvalue has to be considered as the

of the two. The fit hag?/d.o.f. = 0.66. In the lower panel, the lower s;m of theSFRcontributions coming from the two potential
spectrum corresponds to a 52 Myr starburst population, the m'dglfellar populations.

spectrum to a 0.36 Gyr starburst population, and again the upper SPEC\ne calculate a flux at the rest frame 2800 A of 1.65

trum to a sum of the two. This fit has/d.o.f. = 0.75. 0.04Jy which translates into 8FRof 1.3 + 0.3 My yr-L,
which is similar to theSFRof a galaxy such as the Milky Way.
population of stars being a 0.36 Gyr old starburst, while thghe errors due to the flux measurements and interpolation be-
flatter spectrum corresponds to a less luminous second popyjsen the two bands are insignificant compared to the uncer-
tion, which isa 52 Myr starburst. Both these SpeCtral templatﬁnty of the conversion factor, which is30%. Correcting for
haveAy = 0.00. The fit of the summed spectra to the observre extinction ofAy = 0.15 using the starburst extinction curve
tions givesy?/d.o.f.= 0.75. We therefore conclude that if a secirom Calzetti et al. (2000) gives a slightly larger flux at 2800 A
ond population of stars has a significant contribution to the totglthe rest frame, and tf8FRis a bit larger: 1.6: 0.3M,, yr~2.
flux, the age will be 50-200 Myr, found from acceptable val- e also estimate th8FRfrom the H line flux. K98 gives

ues of they?/d.o.f. fits. Considering the large observed BW  the relation between thedHuminosity and theSFR
we find that a young populatior 0 Myr) is preferable. Even

younger ages for the second population can not be ruled daER(M, yr?) = 7.9x 10 x Ly, [erg S‘l]. (3)
By constructing templates of very young populations of star\fve can find the line fluxfine, and the luminositylie, once

we can estimate the total flux allowed from such a populatiQ[ . . ;
. . . e continuum fluxfeon: at the wavelength of the redshifted
The constraining factor is the weak blue continuum observed. line 4, and the equivalent widtEW is known

If a stellar population with an age of 10 Myr is present, the tota
(bolometric) flux it emits is less than 5% of the total observefhe = foon: x ¢/A2 x 10720 x EW
flux from the host. lio = fi d2

line = fiinedrm L- (4)

Since the spectrum has not been flux calibrated, we esti-
mate the continuum level by interpolation between lthend
The continuum in the UV part of the spectrum (1500-2800 A) band fluxes assuming a powerlaw spectrum. We find a con-
mainly comes from young OB stars, and a relation between thrmium level of (738 + 0.44) pJy. Using Eq. (4) we find

UV flux and theSFRcan be derived by comparison of observetl,e = (4.50 + 1.00) x 107 erg s cm?, which gives a
spectra to synthetic model spectra (K98). SFR= (2.8+ 0.7) M, yr1. The error includes the uncertainty

7. Star-formation rate
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of the conversion from flux t&FR which is 30%. The two to investigate further the relation between the small extinction
calculatedSFRs are consistent with each other within.2 inferred from the optical light curves of some GRBs, < 0.2

The largerSFRinferred from the K line compared to (Andersen et al. 2000; Galama & Wijers 2001; Jensen et al.
the SFR found from the UV flux could be due to dust ex2001; Fynbo et al. 2001; Stanek et al. 2001), and the extinction
tinction, which is stronger in the UV region. The ratio bein the host itself.
tween the K line flux and the I line flux, (1.33+ 0.20) x The SED of the host is similar to that of a starburst popu-
10 erg cnt? st in Vreeswijk et al. (2001a), is 3.380.90, lation with an age of 0.26 Gyr at a redshift of 0.43. This age
while the expected ratio in H regions in the case of no ex-is still consistent with a merging neutron star scenario as the
tinction is 2.85 (Osterbrock 1989). The ratio between the oprogenitor of the GRB. It is now known that some of the long-
served line fluxes thus corresponds to a magnitutferéince duration GRBs are associated with collapsing massive stars
of 0.19+ 0.31. Using the extinction curve from Calzetti et al(Stanek et al. 2003; Hjorth et al. 2003). Considering that the life
(2000) an extinction oAy = 0.60 + 0.99 is inferred from the times of the most massive stars are of the order of a few Myr,
line ratio. The calculated extinction is the same when using thesmall age of the star burst is expected. It was therefore in-
MW extinction curve from Fitzpatrick (1999), while in the cas&estigated whether two distinct populations were able to fit the
of an SMC extinction curve one would filll, = 0.41+ 0.60. broad band observations of the host. It was found that in such
The extinction is therefore consistent with the small value indiase, the best fits were produced by a younger starburst popu-
cated by the SED analysis. lation with an age of 50—180 Myr, and zero extinction. We con-

The SFRof this host is in the same range as tBERs sider the lower limit to be more likely given the largerHEW
found for other hosts through their rest frame UV flux, whicfound in the spectrum, which suggests presence of a young stel-
typically gives SFRs < 10 M yr~* (Fruchter et al. 1999; lar population with an age of 6-60 Myr depending on the star
Bloom et al. 1998; Djorgovski et al. 2001). The larg88tRs formation history.
found from optical methods to date are B0, yr* for the From the analysis of the SED we found that a Salpeter IMF

GRB 990703 host (Djorgovski et al. 1998) andi5 yr—for  was able to reproduce galaxy spectral templates corresponding
the GRB 000418 host (Bloom et al. 2002a), although a smaltgrthe observed fluxes.

SFRbased on the UV region of the latter host has beeninferred we calculate theSFRby estimating the rest frame flux
(Gorosabel et al. 2003b). It must be pointed out that t8¢3& 5t 2800 A. TheSFR= 1.3+ 0.30 M,, yr1is not very large,
are strictly lower limits to the truSFRs since the reported val-and correcting for internal extinction in the host does not in-
ues are not corrected for extinction by dust in the hosts. Ra@@ase théFR much_ Th|S re'atively SmalSFRiS Compara_
and sub-mm data sugge3ftRs one or two orders of magnitudepje to that of other GRB hosts found from using the same
larger than the optical inferre®FRs for a sample of GRB hosts yy_SFRestimator. Considering that the host is less luminous

(Berger et al. 2003). than anM* galaxy, thisSFRis relatively high compared to
present day galaxies. As the host is al0.galaxy we find a
8. Discussion and conclusions SFRperL/L* of ~5 My yr~t (L/L*)™.

] ] Comparison with th&FRof 2.8+ 0.7 M, yr~* found from
From broad band magnitudes UBVRIJHKS filters we have the Hy line flux implies that there may be moderate extinction
examined the SED of the host of GRB 990712. Comparifgesent in the host. The dust may be distributed in a clumpy
this SED with model templates offterent galaxy types, We jedium, where most of the UV flux is absorbed.
found that the host is a starburst galaxy with an extinction of 1,4 analysis of the morphology of the host showed that it

Av = 0.15. With spectroscopic observation of the host we gl 1o knots of dferent colours. This colour filerence could

culated the extinctiod, = 0.6 + 0.99 from the Hy/HE line ra- e que 1o two bursts of star formation. This interpretation is

tio, confirming a small extinction value. consistent with the large Balmer break in the SED which sug-
In the collapsar scenario the progenitor of the GRB may bsts the presence of an older population together with the large

embedded in a molecular cloud having a much larger extinctipp, g\ suggesting the presence of a very young population
due to the surrounding dust. Thus, even though we can estimate

the overall internal extinction in the host in the particular case
of GRB 990712, it is not possible to say anything about t
extinction in the line of sight towards the burst itself. It coul)Ei
well be much higher. However, analyses of several afterglo
have failed to reveal a very high extinctiof(> 1). According
to Galama & Wijers (2001), the expected visual extinction Ofcknowle dgementsThe observations from the Danish 1.5 m

th? afterglow; S.h?UId zef mucf;] higher W?en (I:ompa;ed to gescope were supported by the Danish Natural Science Research
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Most importantly, the location of the burst was in the bluest
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at the long-duration GRBs are linked to sites of formation of
ssive stars.
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