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Abstract. Recent observations of GRB970508 with the SAO–
RAS 6-m telescope in July–August 1998 show that the optical
transient (OT) has varied very little since November 1997. Here
we report on the behaviour of theBV RcIc light-curves for up
to 470 days from the date of the GRB occurrence. After' 200
days any power-law decay has ceased and the OT contamina-
tion of the host galaxy flux is already less than the observational
errors. We derive the broad band spectrum of the host galaxy,
without OT, and compare it with the average continuum spectra
of galaxies of different Hubble types. The spectral distribution
of normal galaxies with types earlier than Sbc is confidently
excluded. ForH0 = 60 km s−1 Mpc−1 and three Friedmann
models with matter density and cosmological constant parame-
ters(Ωm,ΩΛ) = (1,0); (0,0); (0,1) the derived host galaxy ab-
solute magnitudes (MBrest ) are−18.0 ± 0.3, −18.5 ± 0.3 and
−19.0 ± 0.3 respectively. The absoluteB magnitude≈ −18.5
corresponds to the luminosityLB ≈ 0.1L∗

gen whereL∗
gen is the

knee of the local general Schechter luminosity function. How-
ever, the luminosity of the GRB host is roughly at the knee of
the local luminosity functionL∗

late for late type galaxies Sd-Sm-
Irr (Binggeli et al. 1988). Comparison of theBV RcIc spectral
energy distribution of the GRB host with local starburst galax-
ies leads to best fits for the Scd starburst Hii galaxy NGC7793
and the blue compact galaxy Mrk 1267. The position of the
host galaxy in theMB vs. log D25 diagram for local late-type
LEDA (Lyon-Meudon Extragalactic database) galaxies allows
us to attribute the GRB970508 host galaxy to the blue compact
galaxies.

Key words: galaxies: starburst – galaxies: photometry – cos-
mology: observations – gamma rays: bursts

1. Introduction

At the present time, eight optical counterparts for gamma-ray
bursts (GRB) are known, all of them after detection with the
Wide Field Cameras on board the Italian-Dutch BeppoSAX
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observatory. They are: GRB 970228 (Groot et al. 1997; Van
Paradijs et al. 1997), GRB 970508 (Bond 1997), GRB 971214
(Halpern et al. 1997), GRB 980326 (Groot et al. 1998; Eichel-
berger et al. 1998), GRB 980329 (Djorgovski et al. 1998), GRB
980519 (Jaunsen et al. 1998), GRB 980613 (Hjorth et al. 1998),
GRB 980703 (Frail et al. 1998; Zapatero-Osorio et al. 1998).
Galama et al. (1998a,b) reported about a possible supernova
optical candidate for GRB 980425. But a connection between
type-Ib SN and the GRB (Pian et al. 1998) is still unclear. In all
but GRB 980613 it is possible to speak about the detection of
an underlying host galaxy (Hogg & Fruchter 1998).

This paper is dedicated to a detailed analysis and interpre-
tation of newBV RcIc photometrical data of the GRB970508
host galaxy. Since ourBV RcIc observations in November 1997
of the optical source related to GRB970508, we have continued
them in January, July and August 1998. These observations were
undertaken with the main purpose to check how constant this
faint (Rc ≈ 25) source is up to 470 days after the gamma-ray
burst, i.e. when the contribution of the OT can be considered to
be comparable with or even less than the observational errors of
brightness estimates in allBV RcIc photometrical bands. These
observations do show that the optical counterpart has varied very
little since November 1997 and allow us to determine the appar-
ent magnitude of the host galaxy. In this paper we compare the
BV RcIc spectrum of the GRB970508 host galaxy with spec-
tral energy distributions of normal galaxies of different Hubble
types and extend the comparison to include local star-forming
galaxies.

2. The GRB970508 host galaxy
– recentBV RcIc observations

Table 1 presents the results of our observations with the 6-m
telescope of SAO–RAS in November (Ic band) and in December
1997 (B band), in January, July and August 1998 (BV RcIc

bands) in one photometric system. The photometrical analysis
and details are reported in Sokolov et al. (1998). TheB point
in Dec. 1997 andB, Rc points in Aug. 1998 were obtained by
A. I. Kopylov.
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Table 1.Observations summary (to = 8.904 May 1997).

Date UT t − to Band Timeexp Magnitude
(days) (s)

25.00 Nov. 1997 201.09 Ic 4800 23.90 ± 0.14
01.00 Dec. 206.01 B 2400 25.75 ± 0.30
24.87 Jan. 1998 260.96 Rc 2580 24.96 ± 0.17
24.87 Jan. 260.96 V 2400 25.44 ± 0.25
22.99 Jul. 440.08 Rc 3000 24.90 ± 0.16
23.95 Jul. 441.05 B 2400 25.80 ± 0.30
23.95 Jul. 441.05 V 2000 25.25 ± 0.22
23.95 Jul. 441.05 Ic 2000 24.07 ± 0.25
21.74 Aug. 469.84 B 4200 25.77 ± 0.19
21.74 Aug 469.84 Rc 3000 24.99 ± 0.17

If BV RcIc magnitudes of the optical counterpart did not
change during the last half-year we can conclude that we observe
a pure host galaxy without the optical remnant of GRB970508.
Corresponding stellar magnitudes and fluxes are given in Ta-
ble 2, case (1). On the other hand, the brightness may have
changed within the errors, and it may still be possible to describe
the brightness decay of the optical remnant by a power-law re-
lation during about a year after the burst occurrence. In that case
the flux can be determined by fitting the observedBV RcIc light
curves with a two-component model, a sum of the optical rem-
nant of GRB970508, fading according to a power-law, and a
constant brightness host galaxy (see Zharikov et al. (1998) for
details):F = Fo × tα + Fc.

To investigate the possible variability of a faint source we
must avoid any systematic shifts in the observational data due
to different photometric systems in various instruments. That is
why for theseχ2 fits (Table 2.) we used the data from the 6-m
telescope only (from 10.77 May 1977 UT to 21.74 Aug 1988
UT) unlike what was shown in the paper by Zharikov et al.
(1998) forRc andB filters. So, the four independentBV RcIc

power-law fits with different slopes (Fig. 1) give magnitudes for
the host galaxy reported in Table 2 case (2). In comparison, an
average power-law slope with< α >= −1.25± 0.05 gives the
magnitudes for the constant source given in Table 2, case (3).

Additionally, observational spectra in Fig. 2 are presented
for the 3 cases: the recent observations (case (1)) and the two fits
described above. In cases (2) and (3) we indicate not observed,
but “theoretical” values and fluxes corresponding tot tending
to infinity. As can be seen from Table 1, the magnitude values in
each individual band are almost constant during the period Nov.
97 – Aug. 98, the last observations giving theupper estimates
of the host brightness (spectrum 1 in Fig. 2). However if we
force-fit a power-law brightness change thenlower estimates
are derived by fitting each observed band (spectrum 2 in Fig. 2).
Fig. 2 shows the broad-band spectrum of the GRB970508 host
galaxy compared with the typical spectra (Pence 1976) of dif-
ferent Hubble types of galaxies normalized to the average value
of theIc flux as measured for the host galaxy.

So, we choose theBV RcIc spectrum of the host galaxy as
given in Table 2 (case (2)) for interpretation in the following

Table 2. Magnitudes and fluxes for the host galaxy of GRB970508.
(1) The recent observational magnitudes from Table 1. (2)χ2 fits:
F = Fo × tα + Fc. (3) The sameχ2 fit for < α >= −1.25 ± 0.05.
The photometry with the BTA was reported by Sokolov et al. (1998)
and Zharikov et al. (1998).

Band Magnitude log Fλ,obs χ2(
erg

cm2 s Å

)
(d.o.f)

(1)
B 25.77± 0.19 −18.52 ± 0.07
V 25.25± 0.22 −18.54 ± 0.09
Rc 24.99± 0.17 −18.66 ± 0.07
Ic 24.07± 0.25 −18.58 ± 0.10

(2)
B (α = −1.32 ± 0.05) 25.99± 0.11 −18.60 ± 0.05 14.2/11
V (α = −1.24 ± 0.07) 25.65± 0.17 −18.70 ± 0.07 36.6/14
Rc (α = −1.25 ± 0.04) 25.16± 0.09 −18.73 ± 0.04 52.7/19
Ic (α = −1.18 ± 0.07) 24.17± 0.28 −18.62 ± 0.11 44.3/12

(3)
B 26.15± 0.16 −18.67 ± 0.06 18.9/12
V 25.61± 0.16 −18.69 ± 0.07 36.1/15
Rc 25.16± 0.09 −18.73 ± 0.04 52.7/18
Ic 23.99± 0.25 −18.55 ± 0.10 47.1/13

sections. However, all other cases in Table 2 should be also kept
in mind (as well as the observational errors) when comparing
the results with the spectra of local galaxies.

Zharikov et al. (1998) report a photometric study of the field
of GRB970508. They performedBV RcIc observations of the
OT and of 3 nearby galaxies (named G1, G2 and G3, see their
paper for more details). They conclude that only G2 may be
responsible for the observed absorption system at redshift 0.767
(Metzger et al. 1997a). G1 and G3 are very blue galaxies with
z probably greater than 1, maybe in the range 1.5–2.5. There
are no optical lines for identifying redshifts in thatz range. So
it is not surprising that the spectrum of the nearby galaxy G1
shows a relatively featureless, blue continuum (Bloom et al.
1998). Fig. 3 shows the broad-band spectrum of the field galaxy
G2 (G1 and G3) compared with those of typical galaxies of
different Hubble types atz = 0.767.

3. Absolute magnitudes of the GRB970508 host galaxy

In order to compare the properties of the host galaxy with those
of the local galaxy population, one needs to derive possible
intervals for absolute magnitude, linear size, and spectral energy
distribution. To do this a cosmological model, redshift, and K-
correction are required.

The estimate of intrinsic physical parameters of extragalac-
tic objects with redshifts approaching 1 depends rather sensi-
tively on the adopted cosmological model. The standard Fried-
mann model contains three parameters: Hubble constantH0,
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Fig. 1. The recentBV RcIc light-curve
behavior of the OT + host galaxy of
GRB970508 up to' 470 days from the time
of the GRB. Four independentBV RcIc

power-law fits (F = Fo × tα + Fc, see Ta-
ble 2) with differentα are indicated by the
thin lines.
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Fig. 2. A comparison of GRB970508 broad-band rest-frame (z =
0.835) spectrum log(Fλ) = logFλ(obs)+C to average continuum spectra
of galaxies of different Hubble types. No. 1, 2, 3 correspond to the three
cases reported in Table 2. The spectra were shifted by some arbitrary
constants for the best fits. Fλ is in erg cm−2 s−1 Å−1 andλ is in Å.
FWHM of each filter forλeff with the account forz = 0.835 are
denoted by dashed horizontal lines with bars.

matter density parameterΩm, and cosmological constant pa-
rameterΩΛ. Recent studies of the Hubble constant put it within
the range 50–70 km s−1 Mpc−1 (see Theureau et al. 1997). In
this paper we adoptH0 = 60 km s−1 Mpc−1. The values ofΩm

andΩΛ are observationally less constrained. The recent work
on them − z test with supernovae of type Ia at redshifts up to
1 by Garnavich et al. (1998) makes it imperative to consider in
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Fig. 3. Comparison of G2 (G1 and G3) broad-band rest-frame spectra
(z = 0.767) to typical average continuum spectra of galaxies. Fλ

is in erg cm−2 s−1 Å−1 andλ is inÅ. See also the caption of Fig. 2.
Magnitudes and fluxes for GRB host field objects were taken from
Zharikov et al. (1998).

addition to the standard inflationary model also an empty uni-
verse with cosmological constant. For a review of modern cos-
mological models and the needed mathematical relations, see
Baryshev et al. (1994). Here we use three Friedmann models
which conveniently limit reasonable possibilities:

H0 = 60km s−1 Mpc−1,Ωm = 1,ΩΛ = 0 (A)

H0 = 60km s−1 Mpc−1,Ωm = 0,ΩΛ = 0 (B)

H0 = 60km s−1 Mpc−1,Ωm = 0,ΩΛ = 1 (C)
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For these models the relationΩm + ΩΛ + Ωk = 1 is valid,
where Ωm = ρ08πG/3H2

0 , ΩΛ = Λc2/3H2
0 , and Ωk =

−kc2/R2
0H

2
0 . Hereρ, Λ, k, andR are density, cosmological

constant, curvature constant, and radius of curvature, respec-
tively, and “0” denotes the present epoch. The luminosity dis-
tanceRlum, the angular size distanceRang and the proper metric
distanceRp are connected by the relation:

Rlum = Rang(1 + z)2 = Rp(1 + z) (1)

where the proper distances for the adopted models are given by

Rp =




RH
2(z − √

1 + z + 1)
1 + z

for model A,

RH
z(1 + 0.5z)

1 + z
for model B,

RH z for model C.

(2)

HereRH = c/H0 is the present value of the Hubble radius. The
absolute magnitudeM(i) of the source observed in filter (i) can
be calculated from the magnitude-redshift relation

M(i) = m(i) − K(i)(z) − 5 log(Rlum/Mpc) − 25 (3)

wherem(i) is the observed magnitude of the object in the photo-
metric band system (i) andK(i)(z) is the K-correction at redshift
z, calculated from the rest-frame spectral energy distribution.

The linear sizel of an object having an angular sizeθ is
given by

l = θRang = θRp/(1 + z) (4)

Forz = 0.835, we get from Eq. (4) the linear sizes as normalized
to θ = 1′′:
l ≈ 6.9kpc(θ/1′′)for model A,
l ≈ 8.5kpc(θ/1′′)for model B,
andl ≈ 11.1kpc(θ/1′′)for model C.

A detailed discussion on the possible range of GRB970508
linear size is given in Sect. 5, after the discussion of the spectral
energy distribution from our broad band photometry data, which
can restrict the possible type of the host galaxy.

The first spectral observations of the GRB970508 optical
transient were obtained with the Keck-II 10-m telescope on 11
May 1997 (Metzger et al. 1997a). Two absorption line systems
were detected: 1)z = 0.835 for the elements Feii, Mg ii and
Mg i, 2) z = 0.767 for Mg ii doublet. Such absorption features
are commonly seen in the spectra of QSOs and are usually asso-
ciated with galaxies along the line of sight to the QSO. This gives
rise to two possibilities: 1) we have detected the host galaxy with
z = 0.835, or 2) we have detected a foreground galaxy on the
line of sight, and the true host hasz > 0.835. Further optical
follow-up observations, both imaging and spectroscopy, per-
formed again with the Keck-II in June and November 1997 and
February 1998, revealed an emission line [Oii] corresponding
to z = 0.835. The faint host galaxy of GRB970508 seems to
be responsible for this line (Metzger et al. 1997b; Bloom et al.
1998).

For the calculation of the intrinsic parameters of the GRB
host galaxy we adoptBV RcIc magnitudes which correspond

to case 2 with none or minimal OT contamination (see Ta-
ble 2). The centralλobs = λeff for our photometric system
are equal correspondingly to:λB = 4448 Å, λV = 5505 Å,
λR = 6588 Å, λI = 8060 Å. (Corresponding FWHMs are
equal to:∆λB = 1008 Å, ∆λV = 827 Å, ∆λR = 1568 Å,
∆λI = 1542 Å.) It is a useful coincidence that for z = 0.835
the observed wavelength of theRc filter corresponds to the
rest bandUrest (λU = 3652 Å), and Ic filter corresponds to
the rest bandBrest (λB = 4448 Å). By a simple shiftλobs to
λemit = λobs/(1 + z), in the log(F (λobs)) vs. λobs diagram,
we have four points of the rest frame continuum spectral dis-
tribution, which allow us to make a comparison with the avail-
able spectral distributions measured for local galaxies (see also
Figs. 2 and 3).

The K-correction in Eq. (3) can be calculated from the stan-
dard formula (Oke & Sandage 1968):

K(i)(z) = 2.5 log(1 + z) + 2.5 log

∫ ∞
0 FλS(i)(λ)dλ∫ ∞

0 Fλ/(1+z)S(i)(λ)dλ
(5)

In this formulaFλ is the rest-frame spectral energy distribu-
tion andS(i)(λ) is the transmission curve for filter (i). As we
mentioned above, the effective wavelength of theIc band for
z = 0.835 happens to correspond to theBrest band. This al-
lows us to calculate directly from Eq. (5) the value of the K-
correction for theB-magnitude, replacing the second term with
2.5 log(FBrest/FλB/1+z) ≈ 2.5 log(FIobs/FBobs). The calcu-
lation yields

KB = +0.6 ± 0.3

The absoluteBrest magnitudes from Eq. (3), (with K-correction
+0.6 for z = 0.835) are:MBrest = −18.0 ± 0.3 for model A,
MBrest = −18.5±0.3 for model B, andMBrest = −19.0±0.3
for model C.

We also estimate that the K-correction for the field G2
galaxy atz = 0.767 is KB ≈ 2.1. (Only an upper limit ex-
ists for the flux atB, see Fig. 2.). This allows us to derive
MBrest

<∼ −18.4, −18.9, −19.4 for the cosmological mod-
els A, B and C, respectively. Following Natarajan et al. (1997)
we can now calculate a lower limit to the maximum radiusRmax
of the gaseous halo of the galaxy G2 which can produce the ob-
served Mgii absorption line system:Rmax

>∼ 38, 42 and 46 kpc
(models A, B and C). The angular distance between the GRB
host and G2 is about4′′ which corresponds to a linear projected
radius of 29, 35 and 45 kpc, so we may conclude that the G2
galaxy could really be responsible for the observed absorption
line Mg ii atz = 0.767 in the spectrum of the GRB970508 OT
(Metzger et al. 1997a).

4. Comparison with ultraviolet spectra of local galaxies

In Fig. 2 we compared theBV RcIc spectrum of the
GRB970508 host galaxy with the spectral energy distributions
of normal galaxies of different Hubble types. It appears difficult
to match the observed spectrum with any single Hubble type.
However, for the GRB970508 host galaxy one may confidently
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Fig. 4. A comparison of the GRB970508 broad-bandBV RcIc spec-
trum with continuum spectra Fλ of some blue compact dwarf galaxies
in Kinney et al. (1993). The fluxes from Table 2 (case (2)) have been
scaled arbitrarily to the best fit. The observing bands have been shifted
to the rest frame (z = 0.835) of GRB970508. Filled symbols indicate
the observations and the smooth curves connect the selected continuum
points, marked with open boxes. See text for details.

reject early type galaxies from E to Sb. Here we extend the
comparison to include local star-forming galaxies.

Figs. 4 and 5 show a comparison between the continuum
fluxes of the GRB970508 host (shifted to the rest frame) and
continuum spectra of some star-forming galaxies selected from
the ultraviolet atlas of Kinney et al. (1993). We restricted the
search to the absolute magnitude interval−21 < MB < −17
and looked for spectra that resemble the observed broadband
spectrum of the GRB970508 host galaxy. For the latter task we
used the tables in McQuade et al. (1995) and Storchi-Bergmann
et al. (1995) who list continuum fluxes at selected wavelengths in
the interval 1355–7525̊A. The catalog fluxes have been marked
with open boxes in Figs. 4 and 5. The fluxes have been scaled
arbitrarily and smooth lines connect the points for better com-
parison with observed points. The observed continuum points
are reported with the associated error bars (a galactic extinction
of AV = 0.08 was assumed (Djorgovski et al. 1997; Sokolov et
al. 1998)). We have checked that changing the galactic extinc-
tion from a low value of 0.01 to a higher value of 0.15 does not
essentially alter the spectrum.

All galaxies in Figs. 4 and 5 display also fairly strong emis-
sion lines, most notably atλ = 3727 Å [O ii], λ = 4861 Å
Hβ , λ = 4959, 5007 Å [O iii] and λ = 6563 Å Hα, which
are caused by their star-forming activity. Of these strong lines
only λ = 3727 Å [O ii] falls within the range of our continuum
observations, close to theRc band.

We conclude that the best fits to the observed spectrum
of the host galaxy are displayed by blue compact S0 dwarf

Fig. 5. A comparison of the GRB970508 broad-band spectrum from
Table 2 (case (2)) with continuum spectra Fλ of a blue compact galaxy
(Mrk 1267) and an Scd Hii galaxy (NGC7793). See also the caption
of Fig. 4 and text for details.

galaxy NGC1510, the star-forming Hii galaxy NGC7793 and
the blue compact galaxy Mrk 1267. The absoluteB magnitude
of NGC7793 (−18.0), which has Hubble type Scd, is practically
the same as that of the host, while Mrk 1267 is much brighter
(−20.8) and its Hubble type is not well defined.

5. Discussion

The presence of absorption lines as characteristic of star forma-
tion regions like Mgii, Mg i and Feii (Metzger et al. 1997a),
evidence for emission lineλ = 3727 Å [O ii], and the similar-
ity of the observed GRB host spectrum to the spectral energy
distribution in a Scd galaxy prompts us to inquire how the host
galaxy might be related to the class of late-type spiral and ir-
regular galaxies. The first step in such a study is to compare the
properties of the GRB host galaxy with the galaxies in the local
Universe, of which we have good knowledge. The second step
is to understand possible deviation from the local galaxy pop-
ulation (normal, starburst, irregular) as an effect of evolution
and/or selection.

The studies of the local luminosity function of types Sd -
Sm - Irr (see e.g. Binggeli et al. 1988) indicate that these form
a subclass among all galaxies with a knee in the luminosity
function at aboutMB ≈ −18, −19. So, the luminosity of
the GRB host is roughly at the knee of the local luminosity
function L∗

late. Though one should note that here the primary
selection is not optical but comes from the gamma-ray burst,
this may explain why overluminous galaxies do not dominate
among detected GRB hosts.

In order to make a further comparison between the
GRB970508 host and local galaxies, especially to utilize the
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Table 3. Parameters of the galaxies used in the comparison of the UV spectra, extracted from LEDA. Distancesr (with dispersionsσr) are
calculated using radial velocities corrected to Virgo infall andH0 = 60 km s−1Mpc−1, except for NGC1705 (O’Connell et al. 1994) and
NGC7793 (Puche & Carignan 1988).BT are total apparent B-magnitudes,log d25 are log of 25 B-mag/arcsec2 angular isophote diameters in
units of0.1 arcmin,D25 are linear 25 B-mag/arcsec2 isophote diameters with dispersionsσD25 .

PGC/LEDA id. Alt. id. Type log d25 BT D25 σD25 MB σMB r σr

(kpc) (kpc) (Mpc) (Mpc)

PGC 0014375 NGC 1510 S0 1.429 13.51 9.37 10.12−16.77 0.63 11.41 0.14
PGC 0016282 NGC 1705 E-S0 1.270 12.76 2.71 1.11−15.73 0.87 5.01 2.01

PGC 0029366 NGC 3125 E 1.047 13.47 5.59 0.85−17.38 0.31 14.81 1.51
PGC 0032672 MK 1267 0.644 14.16 12.31 1.74−20.75 0.59 96.04 0.72
PGC 0073049 NGC 7793 Scd 1.982 9.70 9.43 1.44−17.95 0.24 3.382 0.302

absolute magnitude–linear size relation (MB vs. log D25) we
used the Lyon-Meudon Extragalactic database (LEDA) which
currently lists the main astrophysical parameters for more than
165 000 galaxies. The data are collected from the major pub-
lished galaxy surveys, and complemented with individual mea-
surements. The parameters have been carefully reduced to a
common system (of de Vaucouleurs et al. 1991) and corrected
for any instrumental or observational imperfections (Paturel et
al. 1997). The latest information on the status of LEDA and the
data itself are available at http://www-obs.univ-lyon1.fr/leda/ .
Extracted from LEDA, parameters of the galaxies used in the
comparison (Figs. 4 and 5) with the GRB970508 host UV spec-
tra are shown in Table 3.

Fig. 6 shows theMB vs.log D25 diagrams for four ranges of
galaxy types from LEDA (Sbc-Sc, Scd-Sd, Sm, Irr). Different
types have a well known relation, roughly following the depen-
denceM ≈ 5 log D+ const. The slope reflects what is expected
from discs of different diameters with a constant average surface
brightness.MB andD25 are calculated as

MB = BT − 5 · log
v

H0
− 25

D25 =
π

108
v

H0
· 10log d25

whereBT (total apparent B-magnitude),log d25 (log of 25 B-
mag/arcsec2 isophote diameter in units of0.1 arcmin), andv
(radial velocity in km s−1) are from LEDA. Isophotal diameters
were corrected for inclination and galactic absorption, and radial
velocities for Virgo infall. The horizontal dotted lines in Fig. 6
indicate the allowed region of the present GRB host galaxy, as
based on the absolute magnitudes derived from the models A,
B and C.

In order to derive restrictions to the linear size, we use the
result from HST measurements of Fruchter et al. (1998): the
GRB970508 host galaxy has an exponential disk with a scale
lengthr0 of about0.07 arcsec.

For a model disk with an exponential distribution of surface
brightness from the center of the galaxy to its periphery a sim-
ple relation between the central surface brightnessµ0, the 25
mag/arcsec2 isophotal angular radiusr25 (in arcsec), and the
scale lengthr0 (r25/r0) can be determined as:

25 − µ0 =
r25

r0
2.5 log(e).

If for an exponential (model) disk one chooses as observational
central surface brightness a valueµ0 = 20.4 mag/arcsec2,
then the fractionr25/r0 is 4.24. For the angular scale length
r0 = 0.07 arcsec, the corresponding angular diameter2 r25
turns out to be equal to∼ 0.6 arcsec. The latter angular size
of the GRB host galaxy corresponds to the isophote of 25
mag/arcsec2 and is in good agreement with the upper limit of
∼ 0.4 arcsec of the observable size of the GRB host obtained
in previous HST/NICMOS observations (Pian et al. 1997). So,
the linear diameterD25 would be in the range of∼ 4–7 kpc for
the A, B, C cosmological models (4) and the allowed region for
D25 is shown by vertical dotted lines in Fig. 6.

But in that case the GRB970508 host galaxy turns out to be
in the region of blue compact galaxies with heightened central
surface brightness. In other words the galaxy is on the same line
in Fig. 6 (Scd–Sd)MB ≈ −5 log D25+ const where the blue
compact Mrk 1267 with the continuum spectra (see Fig. 5) is
located. There is a good correspondence (mentioned above, see
Fig. 4) between the continuum UV spectrum and theBV RcIc

broad-band GRB host spectrum.

6. Conclusions

The recent observations of the optical counterpart GRB970508
allow us to think that 470 days after the GRB the observed
BV RcIc fluxes can be attributed only to the GRB host galaxy.
Any contribution of OT is already less than observational er-
rors. This allows us to calculate the intrinsic parameters of the
GRB970508 host galaxy and to make the first step in the study
of the properties of the GRB host galaxy by the comparison
with the properties of galaxies in the local Universe, on which
we have good knowledge.

But for the GRB redshiftz = 0.835, the derived abso-
lute magnitude and diameter, needed for comparison with local
galaxies, depend on the adopted cosmological model. A change
in the model parameters easily produces a change of 1 mag in
the absolute magnitude of the host galaxy and a change of∼
50% in diameter. We have measured theKB corrections for
the GRB970508 host galaxy and the neighbouring G2 galaxy,
which are + 0.6 and + 2.1, respectively. Such corrections make
absolute magnitudes brighter and shift them away from dwarf
galaxies. The position and luminosity of one of the neighbouring



V.V. Sokolov et al.: Host galaxy of GRB970508 49

Fig. 6. Absolute magnitudeMB

vs. linear diameterlog D25 dia-
grams for galaxy types Sbc-Sc, Scd-
Sd, Sm, and Irr, as extracted from
LEDA. The region formed by the
dotted lines,−19.0 < MB <
−18.0 and4 < D25 < 7 gives the
derived location for the GRB host
galaxy in this diagram. Crosses de-
note galaxies Mrk 1267 and NGC
7793 from Table 3. Their continuum
spectra are similar to that of the GRB
host.

G2 allows it to produce thez = 0.767 absorption line system
in the spectrum of the GRB970508 OT on 11 May 1997.

The intrinsic physical properties of the possible host galaxy
for GRB970508 correspond to a late-type galaxy, with its
MB ≈ −18.0, −19.0 (depending on the cosmological model)
clearly fainter than the knee of the general Schechter luminos-
ity function at about−20.8 mag. However as demonstrated by
Binggeli et al. (1988), the luminosity function essentially de-
pends on the type of galaxies and their environment (field and
clusters). For Sd + Sm galaxies the knee of the luminosity func-
tion is atMB ≈ −18and hence the detected host of GRB970508
would be from the bright end of the range for this galaxy type.
In terms of the classification by Binggeli (1994), the host be-
longs to his Sequence 3 and lies well away from the border
between normal and dwarf galaxies traditionally taken to be
aroundMB = −16.

The spectral distributions of normal galaxies with types ear-
lier than Sbc are confidently excluded for GRB970508 host
galaxy. The comparison of the spectral distribution of the host
galaxy with local starburst galaxies revealed that the best fits
were given by the Hii galaxy NGC7793 and the blue compact
galaxy Mrk 1267. The position of the host galaxy in theMB vs.
log D25 diagram for local late-type LEDA galaxies and an anal-
ysis of the angular diameter of its disc using the scale length of
about0.07 arcsec from Fruchter et al. (1998) give evidence for a
higher than normal surface brightness. The latter, together with
the closeness of the spectral distribution for Mrk 1267 in the
UV range of spectrum, allows us to attribute the GRB970508
host galaxy to the blue compact galaxies.

Taking everything together, the observed absorption lines
Mg ii, Mg i and Feii, the evidence for emission line [Oii] and

evidence for a high surface brightness are consistent with a
starburst process going on in the present GRB host galaxy.
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