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ABSTRACT

The nearby long GRB 060614 was not accompanied by a supertwiEenging the collapsar
model for long-duration GRBs and the traditional classif@ascheme for GRBs. However,
Cobb et al. have argued that the association of GRB 060614tsutnst galaxy could be
chance coincidence. In this work we calculate the prokigiddr a GRB to be randomly co-
incident with a galaxy on the sky, using a galaxy luminositgdtion obtained from current
galaxy surveys. We find that, with a magnitude limit that eutrtelescopes can reach and
an evolving galaxy luminosity function obtained from VVDi&ge probability for chance co-
incidence of a GRB with a galaxy of redshit 1.5 is about several percent. These results
agree with previous estimates based on observed galaxiethd-case of GRB 060614, the
probability for it to be coincident with a < 0.125 galaxy by angular separatien 0.5” is

~ 0.02%, indicating that the association of GRB 060614 and its hakbyy is secure. If the
telescope magnitude limit is significantly improved in ftgpthe probability for GRB-galaxy
association will be considerably large, making it very peofatic to identify a GRB host
based only on the superposition of a GRB and a galaxy on the sky
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1 INTRODUCTION Ic, while short GRBs are more likely produced by the merger
of compact stars—neutron star-neutron star merger andk blac
hole-neutron star merger (Li & Paczyhski 1998; O’Shaugkyge
Kalogera & Belczynski 2007).

However, the above scenario is challenged by the obsenvatio
of GRB 060614. This is a long burst with a duratien 100 s,
with a host galaxy at redshift = 0.125 (Della Valle et al! 2006;
Fynbo et al! 2006; Gehrels et al. 2006). For a long GRB that has
such a low redshift it is expected that a supernova assdaidth it
should be observed. However, despite extensive obsemvatiats
host, no supernova has been found down to limits fainter émgn
known Type Ic SN and hundreds of times fainter than the aygiaét
SN 1998bw that accompanied GRB 980425. This challenges the
ordinary GRB classification scheme based on GRB duratiods an
the general belief that long GRBs are produced by the coiapse
of massive stars (Zhang 2006; Watson €t al. 2007).

Observation of host galaxies of gamma-ray bursts (GRBsglig v
important for understanding the nature of GRBs. Currenenias
tions reveal that long duration GRBs occur in star-formiatpg-
ies, consistent with the general belief that long GRBs aneypred
by the death of massive stars (Conselice 2t al. [2005; Fruehéd.
2006 Tanvir & Levan 2007; Wainwrigh etlal. 2007, and refeen
therein). The discovery of the connection between long G&RbE
core-collapse Type Ibc supernovae (Galama et al.|1998; 0620
Woosley & Heger 2006, and references therein) supportsdhe c
lapsar model of long GRBs (MacFadyen & Woosley 1999; Mac-
Fadyen, Woosley & Heger 2001).

In contrast, short-duration GRBs are found in both earlyl an
late-type galaxies, similar to the situation of Type la supeae.
The rate of star formation in the host galaxies of short GRBs i

often lower than that in the hosts of long GRBs (Berger 2006, a ) X . )
references therein). So far no supernovae have been foube to In fact, except its duration, GRB 060614 is much like a short
associated with short GRBS. GRB in many aspects. Besides the fact that it has no assoGate

The difference in the observed host properties for short and PEMova, GRB 060614 has a vanishing spectral lag that isapf

long GRBs supports the idea that short and long GRBs have dif- short GRBs|(Mangano etlal. 2007). Its lightcurve has a verd ha

ferent progenitors. Long GRBs are believed to arise frontitrath and short-duration initial peak, followed by an extendet smis-
of massive stars (the collapsar model)—most likely the ViRaf/et sion.Zhang et all (2007) have shown that if this burst hadgrt e

stars since all observed supernovae associated with GRBype time smaller total energy, it would have been detected by SAT
as a marginal short-duration GRB, and would have propadrtitse

SwiftBAT and XRT bands similar to GRB 050724.
* E-mail: campisi@mpa-garching.mpg.de GRB 060505 has a duration 4 s and a host galaxy at
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z = 0.089. No supernova has been detected at the location of this L*. Then, the Schechter LF becomes
burst alsol(Fynbo et al. 2006; Ofek etlal. 2006), so GRB 060505

has also been considered as a long GRB without a supernnes It (M)dM = (0.4In10)"

been argued that GRB 060505 is indeed a short burst (Ofek et al 1004+ D (M7 =M) [_100'4(1”**1‘“] dM . (2)
2006; Levesque & Kewley 2007, see, however, Thone et al3200

McBreen et al. 2008). Models for “long GRBs without supera In a flat universe, the number of galaxies within a solid angle
have been proposed (King, Olsson & Davies 2007). Q with magnitude in the rang@/,in—Mmax and comoving dis-

On the other hand, it has been suggested that GRB 060614tanceD..., in the rangeD;—D- is calculated by integral:
and its host galaxy was just a coincidence rather than a qdiyes- Dy Mo
sociation(Cobb et al. 2006b). By counting the number ofxjaka N = Q/ dDeom Dgom/ dM ®(M) . (3)
observed by SMARTS in a field centered on the burst, Cobb et al. D Mpmin
(2006b) showed that the probability for a chance superiposdf
GRB 060614 and a galaxy along the line of sightis1%. This
probability is high enough to cause that several cases ofcehsu-
perposition may have happened &wift GRBs. This conclusion is
enforced by a more detailed studylby Cobb & Beilyn (2007).
The results of Cobb et al. have raised an important question D _ < # dz
in identifying GRB host galaxies based only on the supetjosi ™ Ho Jy VO T+ 22+
of a GRB and a galaxy on the sky (Levan €t al. 2007). For a tele-
scope with very high sensitivity, it would observe many gida on wherec is the speed of lightid, is the Hubble constanf}, is the
the sky, then the probability for a GRB to be aligned with zaggl fraction of mass contained in baryonic and dark matter irLthie
could be high. Then, unavoidably, some GRB hosts discoviered ~ Verse, and, is the fraction of mass contained in the cosmological

The solid angl€? is the solid angle covered by a survey, and
Mmax = Mmax(m, z) is the maximum absolute magnitude arising
from the apparent magnitude limit of the telescope. The comov-
ing distance to a galaxy at redshifis calculated by

4)

this approach might be superficial, i.e. they are not phjlgice- constant or dark energy.
lated to the GRBs. Cobb et al. obtained their results by ugétaxy T?rOUQT?Ut the paper we adopt a cosmology With = 70
survey data. It is interesting to verify these results witfirlepen- ~ kKm's—~ Mpc™, ©Q,, = 0.3, and€2y = 0.7.

dent, more theoretical approach.

In this paper, we calculate the probability for a GRB to be
coincident with a galaxy on the sky using galaxy luminositpd-
tions and compare the results with that of Cobb et al. obthivieh
different ways. Then, we use our results to assess at whaeh le  The LF is one of the fundamental observational propertiegtsx-
we can trust the GRB host galaxies that have been found so far.ies, and the amount of work dedicated by different groupseot-p

2.1 Morphology and Redshift Dependent LF

The UVOT onSwiftcan resolve a source to sub-pixets (0.2"). ple to derive an accurate LF is substantial. The LF has beea me
Hence, in our calculations we regard a GRB as a point source. sured from many galaxy surveys with differing sample siest
The approach that we adopt has the benefit of extending be- and redshift coverage, and different outcomes are compmyreie:
yond the limit of current surveys and to broader types of [amis. Lapparent et al. (2003). The results in the literature hheava that
For example, with slight modification it can be applied to taé- there is no universal galaxy LF. Instead, the galaxy LF essivith
culation of the probability of Ly forests in the spectra of quasars redshift and galaxy morphology.
and GRBs which has important applications in probing théig It has been found that, in general, the faint-end LF of early-
Universe|(Loeh 2002). type galaxies is steeper than that of late-type galaxiesttenchar-

acteristic luminosity of early-type galaxies is smallearttthat of
late-type galaxies (Madgwick et al. 2002; Nakamura et a0:320
The LF of local galaxies is now well constrained by two

2 THE GALAXY LUMINOSITY FUNCTION large spectroscopic surveys: the Two-Degree Field RedShitey
(2dFGRS; e.g. Norberg et al. 2002), and the Sloan DigitalSky

The galaxy luminosity function (LF) is a fundamental chaegis- vey (SDSS; e.g. Blanton et al. 2003). The Canada-Francehiteds

tics of the galaxy population and is essential for studytagstical Survey (CFRS), which includes galaxies up:te- 1, showed that

properties of galaxies and their evolution. It gives theratance of  the LF evolves with the cosmic redshift and the evolutionete}s
galaxies as a function of their luminosity, defined by the oem on the galaxy populations.

ing number density of all galaxies with luminosity betweferand For example, the CFRS survey shows unambiguously that the
L + dL atredshiftz. The LF of a population of galaxies is usually  population evolves and that this evolution is strongly efiéitial
described by the Schechter function (Schechter 1976) with color and, less strongly, with luminosity (Lilly et al995).

L\ L\ dL The LF of red galaxies changes little ovke05 < z < 1, while the
®(L)dL = @~ (L) ex (- L*) T 1) LF of blue galaxies shows substantial evolution at redshift>

0.5.

whereL* is a characteristic luminosity, the constanis the faint- At higher redshift, the evolution of LF in blue bands over the
end slope, an@” is the normalization. These three parameters are redshift ranged.5 < z < 5.0, and in red bands over the redshift
determined by fitting the LF to the data from a galaxy survey. range0.5 < z < 3.5, has been derived from the FORS Deep

The LF is often expressed in terms of magnitudes rather than Field survey (Gabasch et al. 2004, 2006). The LF measursment
luminosities, which is more convenient to use in UV and agtic  for different galaxy types have been derived up te 1.5 from the
observations. The absolute magnitutieis related to the galaxy =~ VVDS survey (Zucca et al. 2006).
luminosity by M — M* = —2.51og(L/L*), whereM* is a char- In this paper, we consider the LF for each type of galaxies
acteristic magnitude corresponding to the charactefistiénosity separately.
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3 THE RADIUS-LUMINOSITY RELATION

To calculate the probability for a GRB to be coincident with a
galaxy on the sky, we need to measure the projected radiueeof t
galaxy on the sky. To do so, we associate with each galaxy siphy
cal projected area, as a function of the redshift and of timériasity

of galaxies.

For an elliptical galaxy, we assume that the area covereldey t
galaxy on the sky i$ = wR?, whereR is an averaged radius. For
a spiral or an irregular galaxy, which is not spherical, weuase
that the galaxy has a random distribution in orientatiom.d=spiral
or an irregular galaxy with an inclination angle the area on the
skyisS’ = mR%*cos 6 (0 < 6§ < 7/2).

Generally, the size of a galaxy is correlated with its lunsito
Hence, The value aR for a galaxy with a given luminosity can be
derived from a statistical relation between the observdiisaand
luminosity, at a given redshift. The relation can be fittechtpower
law

L Pi
= <a) ’

whereR is in kpc andL is in erg s*, ¢; and; are constants that
depend on the galaxy morphological types and on the bandpass
the telescope.
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Figure 1. Probability for a GRB to be coincident with a galaxy on the,sky
with 0 < z < 1.5 and theB-band magnitude limitn;, = 26.5. The solid
curve is calculated with equatiofl] (9), which assumes thaRB G associ-
ated with a galaxy if the linear distance from the GRB to thiexgacenter

is less thanRgg. The dashed curve is calculated with equatfod (11), which
assumes that a GRB is associated with a galaxy if the angistande from

Dahlen et al. (2007) have shown that the galaxy size evolves the GRB to the galaxy center is less thdh

strongly with redshift. In particular they have claimedtttieere is
a similar evolution in the size-luminosity relation in seslevave-
lengths, over the rande< z < 6. The evolution is consistent with
the formR;, o« (1 + z)ﬁ, where ~ —1 and Ry, is the half-light
radius of the galaxy. The rati®oo/Rs0 (radius containingd0%
and50% of the flux) is approximately constant for de Vaucouleurs
and exponential profile galaxies-(3.3 and~ 2.3, respectively),
S0 we can assume th&bo o (1 + 2)°.

The solid angle occupied by a galaxy is then

S

e = 5 ®)
where D 4 is the angular-diameter distance to the galaxy [related
to the comoving distance by Etherington’s reciprocity &y =
Dcom /(1 + 2); Etherington 1933](S) is the projected area of the
galaxy averaged over inclination.

For spherical or elliptical galaxies we hayg) = mR3(1 +
z)?#, whereRy is the radius of the galaxy. For disk spiral galaxies
and irregular galaxies with a random distribution of inalion we

have(S) = (1/2)mRZ(1 + 2)?".

4 COMPUTATION OF THE PROBABILITY

The probability for a GRB to be aligned to a galaxy is alwaysm
Hence, the probability is simply given by the ratio of theidaingle
spanned by galaxies to the total solid angle
anl
Q )
where( is the solid angle of space covered by a survey,@ng is
the total solid angle occupied by galaxies. Using relati@sand
(©), the total solid angle occupied by galaxies{is= 4r)
/‘Iwmax @
Mo Dj

pP= @)

Qgal = 47 / dDeom D20 dM O(M), (8)
0

wherezmax is the maximum redshift that can be reached by a sur-
vey. Then, by Etherington’s reciprocity law, we have

Zmax Mmax
P = / chom /
0 M

Imin

dM (S)(1 +2)*®(M) , (9)

we will adopt = —1 to compute(S).

Since the LF decays exponentially toward the bright end, the
exact value of\/,;n, does not affect the final result. In our numeri-
cal calculation we také/,in = —30. For a given luminosity dis-
tanceDium, the value ofM,.x is related to the magnitude limit of
the telescopen, by

(10)

whereK is the K-correction depending on the filter.

The parameters in the LF are derived from the SDSS and
the VVDS catalogs (Nakamura et al.2003; Zucca et al. 2008) an
the radius-luminosity relation from the SDSS catalogs KYet
al.2000; Appendixes A & B). Then, the probability can be cal-
culated by equatior[[9). The calculated resultsiofor the pa-
rameters in theB-band obtained from the VVDS survey (Zucca
et al. 2006) are shown in Figl 1 (solid line). In the calcwas the
K-corrections were provided by E. Zucca (see also Fukugite,
masaku, & Ichikawa 1995).

For a given galaxy survey, the projected area of resolved
galaxies on the sky can be measured. Then equdiion (7) can be
directly applied to calculate the probability for chancéncence
of a GRB with a galaxy on the sky. As an example, the fraction of
the sky covered by galaxies in the Hubble Deep Fields (HD$s) i
~ 5% if the boundary of a galaxy is defined by twice the isopho-
tal radius containing- 90% flux (Bernstein, Freedman, & Madore
2002).
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Figure 2. Displacement of GRB positions with respect to the centeheif t Figure 3. Radius of the host galaxies, computed with equafidn (Sxuser

host galaxies for a sample of 27 long GRBs with well measurati ra- the observed distance between GRBs for the same sample @indhadist

solved hosts (in the redshift range89 < z < 3.42). galaxies. Dashed lines labels the relations of separgttady radius=
1/14,1/12,1/10,1/8,1/6,1/4,1/2, 1 (blue-dashed line).

5 COMPARISON WITH OBSERVED HOST GALAXIES

] ] o is caused by the fact that for a fixed angular radius the coores
For those GRBs with known hosts, we find out the distribution ing linear radius increases with distance while the luminédo
of the distance, projected on the sky, between the GRB'iposi  jecreases with redshift. Our results indicate that idgingf the
and the center of the associated host galaxy. From thighiistr GRB-galaxy association with a linear distance scale is melie
tion, we can check if the observed distance is within thexyala able than with an angular scale from the galaxy center.
radius defined in the equatidd (5). Frem50 GRBs with both red-

shift and host associatewe selec? long GRBs , including only
GRBs with sure host galaxy types and R-band magnitudes. Fig-
ure[2 shows the displacement between RA/DEC of the GRB’s po- 6 CONCLUSIONS

tsr:tloz and tg_e hol\jt gf\lgéyBcount'frp?rtblln tze stample (Sw&b‘gh We have calculated the probability for a GRB to be coincidettt
e Appendix). Mos s with reliable nost measuremenieha galaxy on the sky, using the luminosity function and théusd

a separatlor] smgllc_er tharf’ from th_ehcente_r of thechourterplart. luminosity relation derived from the SDSS and VVDS surveys.
Sﬁé;fogﬁsﬁtse?lﬁ,zn;ggz)emem with previous wotks (Bloomlet _ Since thgre is not a religple _Iuminosity function availatde
I,n Fig.[3, we compare the galaxy radius defined by equation hlgher redshifts, _the probability is calcu_lated only up tqeai-
' . shift = ~ 1.5 (Fig.[d). The results are in agreement with that
@ and the observed distance between GRBs from the center of ¢~ /b o4 [2006b) arld Cobb & Bailyh (2007) which were ob-
thelr host gaIaX|.es. Slnce.all of the opserved GRBs fall m.db- tained with different approaches. The total probabilitg at 1.5
fined galaxy radius, equatidn] (5) provides a reasonablmataifor is a few percent
galaxy radii and a scalc_e_measuring the_association qf GRBs an We have aléo calculated the probability of chance coinagiden
thg;]:();t;éf;r;ed prgb%bll(lalg/ dct?)l(;U:Zfs%r\:\gtbr:eﬂ:eestgrig;ygn:?hh:t rob with a criterion that a GRB is considered to be associatetl ait
\t;vility f(\)/r a GIRB towb;coincident with a galaxy onI the sky. P galax;zif the distance from the GRB to the .g.alagy center isltama
- . . 7 . than1” (Fig.[d, dashed line). This probability is larger than that
In practice p_e_ople often |dent.|fy assoqaﬂon of a GRB with calculated withRgo for z > 0.7 (Fig.[d, solid line), caused by
;g?gﬁe?ﬁfr:qgugzxgy tcr)]r?ttr:t;esgoif gﬁgll(:ﬁagﬁeaf::?ir:ilczu(;?; t the fact that for a fixed angular separation the corresparidiear
. > . L separation increases withand Roo decreases with.
distance, Zay( ll - Then trr:e prot_xabllllty flor cgz;nce coincidence of Although the chance probability is small, it warns us thatid
a GRB and a galaxy on the sky is calculated by tifying a GRB host based only on the superposition of a GRBi wit
Zmax Mmax a galaxy on the sky is dangerous. So far about 350 GRBs have
P=we / DeomdDeom / dM (M), (11) been detected bgwift our results imply that several chance co-
incidence of a GRB with a galaxy might have already happened.
wherew, = 7(1”)? = 7.384 x 10~'! is the solid angle corre-  As a result, some GRB hosts that have been found might be su-
sponding to a circle of radius’. The probability calculated with perficial. However, for the case of GRB 060614, calculatibthe
this formula is shown in Fig.1 with a dashed curve. chance superposition of it ancka< 0.125 galaxy with separation
It appears that the probability calculated with an angudar r < 0.5” leads to a probability? = 0.02%, consistent with the re-
dius1” is higher than that calculated with a linear radig . This sult of/Gal-Yam et al..(2006). This small probability indiea that
the association of GRB 060614 and its host is secure.
Obviously, a secure identification of a GRB’s host would be
L http://www.grbhosts.org/ obtained by (1) the superposition of the GRB with a galaxy an

0 Miin
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(2) the afterglow of the GRB and the host candidate give dsbe
same measured redshift.

We have also calculated the probability directly from theada
of SDSS, following the approach of Cobb et al. The results are
presented in Appendixes A, which agree with our analytieslilts.
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APPENDIX A: THE SDSSCATALOG

SDSS catalog (York et al. 20®¢ontains the largest redshift sam-
ple of galaxies with both photometric and spectroscopienlzs
tions. It is a homogeneous data set that is suitable forstitatl
studies of galaxies. The SDSS sample for LF measuremenka{Na
mura et al. 2003) contains 1500 bright galaxies, in the redshift
range0.01 < z < 0.12 with 13.2 < r* < 15.9. The galaxies
are classified into four groups by tlge— r color:0 < T < 1.0
(corresponding to Hubble type E-SQ)5 < T < 3 (S0/a-Sb),
3.5 < T < 5.0 (Sbc-Sd), and.5 < T < 6 (Im) (Fukugita et al.
1995). The LF was calculated with three methods: ML (maximum
likelihood), SWML (stepwise maximum likelihood), and th& .«
method.

To derive the radius-luminosity relation, we take from the
SDSS catalog the Petrosian radis in ther* band (which con-
tains90% of the Petrosian flux), the value of the apparent bright-
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Figure A2. Probability for a GRB to be coincident with a galaxy on the,sky
obtained from the SDSS galaxies with< z < 0.3. The solid line is the
ratio of the total solid angle occupied by the SDSS galaxigke total solid
angle covered by the survey. The dashed line is calculatédeguatior().

Galaxy type Gi i
E/SO 3.32e+41 0.413
Shc/Scd 3.36e+40 0.322
Irr 8.46e+40 0.361

Table B1. Best-fit parameters in the radius-luminosity relatibh (bXhe
B-band for VVDS galaxies, wittR in kpc andL inerg s—*.

(to be consistent with the magnitude limit adopted in[dq.a9)
computed the ratio of the sky area covered by them to thedceal
of the sky. The results are shown in Hig.JA2. They agree wet wi
that calculated with equatiohl(9) with< 0.3 (the redshift covered
by the SDSS galaxies).

APPENDIX B: THEVVDSLF

The VIMOS VLT Deep Survey (VVDS) is a deep spectroscopic
survey, containing galaxies up to redshift- 1.5. The first epoch

nessr”, and the galaxy redshift. Note that, SDSS has adopted a VDS deep sample covers a sky area of about 2200 arGroon-

modified form of the Petrosian system (Petrosian 1976) tmeefi
the radius of a source (see Blanton et al. 2001 for detaits)tHe
exponential profile Ry corresponds to the true 90light radius,
while for the de Vaucouleurs profilByy = 0.43 Rootrue.

Then we convert the apparent magnitudeto an absolute
magnitudeM and luminosity L, adopting the K-correction sup-
plied by Fukugita et al. (1995) for each galaxy type.

The derived sky-projected radius and luminosity in itie
band for about 240000 galaxies with < 19.6 in a sky region of
2500deg? are shown in Fig_Al for different galaxy types (ellip-
tical, spiral, and irregular). Power-law fits to tiie L relation (eq.
[B: divided by+/2 for spiral and irregular galaxies for the average
random projection effect) are summarized in Tablé Al.

We selected a subsample of galaxies wist6 < r* < 19.6

2 http://www.sdss.org/

taining about 7700 galaxies witt7.5 < Iap < 24. Using this
sample, Zucca et al. (2006) derived an evolving and mormgyelo
dependent LF. The galaxies were divided into four types:OE/S
early spiral, late spiral, and irregular. The parametethéderived
luminosity functions are listed in table 3|of Zucca etlal.dap The
best-fit parameters for the radius-luminosity relation lested in
Table[B1.

APPENDIX C: THE LONG GRB SAMPLE

In Table C1 we provide details on the long GRBs used in the.Bigs
and3. The sample contains 27 GRB hosts fromGhtstSarchive
(http://www.grbhosts.orqg).


http://www.grbhosts.org
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Figure Al. The sky-projectedRgo versus the luminosity in the*-band for the SDSS galaxies witt5.6 < r* < 19.6 and0 < z < 0.3. Each panel
corresponds to a galaxy type (elliptical/SO0, spiral/Sbd;&nd Irregular galaxies). The solid line is the best-fihveiquation[(5) (divided by/2 for spiral and

irregular galaxies for the average random projection &ff@the values of the fitted parameters are listed in Table A1.
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Table C1. Sample of 27 long GRBs with known redshift and host.

GRB z dr, Mp Rgo D ap on QOGRB OGRB Ref.
name [Mpc] [arcsec] [arcsec]  (J2000.0) (J2000.0) (J2000.0 (J2000.0)
(1) (2 (3) 4) (5) (6) ] (8) 9) (10 (11)

Disk galaxies
030323 3.372 29251 27.28 1.02 0.14 166.5391 -21.7704 166.53 -21.77033 [1]
020819 0.41 2245 19.48 3.11 0.54 351.8310 +6.2655 351.83114 +6.26554 [2]
011211  2.141 16888 25.97 1.04 0.49 168.8250  -21.9489 168.82 -21.94894 [3]
011121  0.362 1939 23.23 2.02 0.88 173.6240 -76.0282 173.623 -76.0282 [4]
010921  0.451 2513 22.58 1.17 0.29 344.0000 +40.9312 344.000+40.93128 [5]

010222 1.48 10735 25.61 0.77 0.044 223.0520 +43.0184 223205 +43.0184 [6]
000418 1.118 7594 24.15 0.98 0.023 186.3300 +20.1031 186.33 +20.10311 [7]

000210  0.846 5386 24.22 0.89 0.48 29.8149 -40.6592 29.815 0.6541 [8]
991208  0.706 4315 24.6 0.67 0.19 248.4730  +46.4558 248.4733-46.455834  [9]
990712  0.434 2401 22.45 121 0.049 337.9710 -73.4079 30907 -73.40786 [10]
990705  0.842 5355 22.78 1.41 0.87 77.47670 -72.1317 77.4770 -72.1315 [11]
990123 1.6 11817 24.41 131 0.67 231.3760 +44.7664 231.3762+44.7664 [12]
980703  0.966 6341 22.9 1.32 0.11 359.7780  +8.58530 35907778 +8.585300  [13]
970508  0.835 5300 25.2 0.61 0.011 103.4560 +79.2721 1034456 +79.27208  [14]
970228  0.695 4233 25.88 0.47 0.43 75.4444  +11.7816 75.4442 11.78159  [15]

Irregular galaxies

060614  0.125 587 22.52 1.14 0.36 320.8839  -53.0267 320.884 53.0267 [16]
060218 0.0331 148 20.16 3.21 0.29 50.4153  +16.8671 50.4153416.86717 [17]
050826  0.296 1535 21.67 1.34 0.40 87.7566 -2.6433 87.75658 2.64327 [18]
041006  0.712 4360 25.15 0.59 0.03 13.7093 +1.2349 13.70931 1.23490 [19]
030528 0.782 4890 22.0 1.48 0.66 256.0010 -22.6194 256.0012 -22.6194 [20]
030429 2.66 21986 26.3 1.04 0.67 183.2810  -20.9138 18382811 -20.91381 [21]
030328 1.52 11110 24.06 1.19 0.68 182.7015 -9.3476 18267016 -9.34750 [22]
020405 0.691 4204  21.59. 1.58 0.19 209.5130 -31.3728  2892hB -31.37275 [23]

000926  2.036 15882 24.18 1.47 0.032 256.0400 +51.7862 256.0 +51.78611 [24]
000911 1.06 7094 25.27 0.68 0.079 34.6432 +7.7410 34.64316 7.74302 [25]
980613  1.097 7418 25.33 0.68 0.089 154.4910 +71.4571 153.49 +71.457083 [26]
971214 3.42 29750  26.35 2.72 0.14 179.1100 +65.2001 179.110 +65.20013  [27]

Note. — Col. (1) GRB name. Col. (2-3) Redshift and luminositgtance in Mpc. Col. (4) Observed host magnitude infihband AB system (Fruchter
et al. 2006, and references therein). Col. (5) Radius inearcsed in this work. Col. (6) Distance in arcsec between GRBlest. Col. (7-8) Positions
of the host. Col.(9-10) Positions of the GRB. Col. (11) Refmes: [1] Graziani et al. (2003); Vreeswijk et al. (200£);\Jakobsson (2005); [3] Grav et al.
(2001); Holland et al. (2002); [4] Subrahmanyan etlal. (308loom et al. (2002); [5] Price et al. (2002); [6] Henden Ef2001); Galama et al. (2003); [7]
Mirabal et al. [(2000); Bloom et al. (2003); [8] Gorosabel {2003); [9]lJensen (1999); Christensen etlal. (2004) }|8dhu et al.[(2000); Christensen et al.
(2004h); [11] Palazzi et al. (1999): Le Floc’h et al. (2002A2] Bloom et al.|(1999); [13] Tavlor et al. (1993): Djorgovsk all (1993): Christensen etlal. (2004);
[14]|Frail et al. (1997); Bloom et al. (1998); Christenserak{2004); [15] Margon et al. (1997); Bloom et al. (2001)6]Parsons et al. (2006); Gal-Yam e al.
(2006);l Gehrels et all (2006); [17] Mirabal et al. (2006)8] Mirabal et al. (2007); [19] Yamaoka et|al. (2004): Waingiriet al. [(2007); [20] Butler et al.
(2004 Rau et all (2004); [21] Jakobssbn (2004); [22] Rete& Price 1(2003); Gorosabel et al. (2005); [23] Wainwridglalke (2007); [24] Price et al. (2001);
Fynbo et al.|(2001); [25] Price (2000): Masetti et al. (2008p] |Hjorth (2002)! Halpern & Fesen (1998); [27] Odewahrak1993).
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