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Are LGRBs biased tracers of star formation? 
Clues from the host galaxies of the Swift/BAT6 complete sample of LGRBs
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Gamma-ray bursts (GRBs)

Ultra-relativistic jets associated with black holes formation 
merging of compact objects        massive star explosion
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• LGRBs connected with massive stars

• LGRBs connected to the SFR

GRBrate = eff. x SFR ? eff. = eff.(z) ?

LGRB as SFR tracers
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• LGRB associated with type Ic-bl SNe 
• WR progenitor?
• Which are the conditions necessary to produce LGRBs?

• Rotation
• Mass loss
• Low-metallicity?
• Binary system?

LGRBs progenitor stars
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LGRB as SFR tracers

Robertson&Ellis12 Kistler+13

Knowledge of the GRB vs SFR efficiency needed

Need of well defined (unbiased) complete samples
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LGRB as SFR tracers

Robertson&Ellis12 Kistler+13

GRBs are rare! (~1000 with afterglow) 
only 30% have redshift determination 

good localisation + quick follow-up + NIR
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The Swift/BAT6 sample
Salvaterra+12

• selection dependent only on prompt gamma-ray emission

• 58 LGRBs, 97% redshift completeness

• The extendedBAT6:100 LGRB, 82% z completeness

Nava+2012; D’avanzo+2012; Campana+2012; 
Melandri+2012; Covino+2013; Ghirlanda+2013; +++
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The z<1 BAT6 host galaxies

• 14 hosts

• VLT, GTC, TNG, NOT, GROND + available data 
(incl. HST & Spitzer)

• Stellar Masses (Vergani+15, A&A)

• SFR (Japelj+16)

• Metallicity (Japelj+16)
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S.D. Vergani et al.: Are LGRBs tracers of star formation? Clues from the BAT6 sample

 0

 0.2

 0.4

 0.6

 0.8

 1

 7  7.5  8  8.5  9  9.5  10  10.5  11  11.5

N
 >

 S
te

lla
r 

M
a
ss

Log Stellar Mass (Msun)

UltraVISTA (SFR weighted)
GRB hosts (all)
GRB hosts

Fig. 3. Cumulative stellar mass distribution of the star forming galaxies in the UltraVISTA survey at z < 1
weighted by the SFR (dashed line) compared to that of the stellar masses of the LGRB hosts in our sample
(dot-dashed line: whole sample; solid line: excluding the five host galaxies not complying with the complete-
ness limits of the UltraVISTA survey).

having detections or deep upper limits in the NIR are among those). For the same reason reported

in Sect. 4.1 we verified that considering only the UltraVISTA galaxies at 0.5 < z < 0.8 (always

taking into account the stellar mass completeness of the survey) we obtain a similar distribution.

As already suggested by the LK distributions, the stellar mass distribution of LGRBs is very

di↵erent from what expected by the UltraVISTA survey. Indeed, from the Kolmogorov-Smirnov

(K-S) test we can discard the hypothesis that the two samples are drawn from the same distribution

(p = 9 ⇥ 10�5).

5. Boissier’s method

Following the method of Boissier et al. (2013), we can use our sample to determine the LGRB

e�ciency (the LGRB rate to SFR rate, called GRB bias in Boissier et al. 2013). This method is

based on the comparison of the stellar masses of a sample of LGRB hosts, and of star forming

galaxies in the same redshift range (but lower than ⇠ 1). In this redshift range, the stellar mass

function is about constant in the stellar mass range where it can be measured (above ⇠ 109 M�,

e.g. Ilbert et al. 2013). To compute the e�ciency, we use the same prescription for the star forming

galaxies as in Boissier et al. (2013). For the LGRB hosts, we use our sample that has the advantage

of being better-defined and complete with respect to the compilation used in that paper.

This method is in principle very similar to the comparison performed in the previous section,

but includes prescriptions on star forming galaxies allowing us to compute the variation of the

e�ciency with stellar mass, taking into account the median redshift of each bin. The results (see

Article number, page 11 of 25page.25

Stellar Mass distribution
LGRB hosts vs UltraVISTA

Vergani+15
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having detections or deep upper limits in the NIR are among those). For the same reason reported

in Sect. 4.1 we verified that considering only the UltraVISTA galaxies at 0.5 < z < 0.8 (always

taking into account the stellar mass completeness of the survey) we obtain a similar distribution.

As already suggested by the LK distributions, the stellar mass distribution of LGRBs is very

di↵erent from what expected by the UltraVISTA survey. Indeed, from the Kolmogorov-Smirnov

(K-S) test we can discard the hypothesis that the two samples are drawn from the same distribution

(p = 9 ⇥ 10�5).

5. Boissier’s method

Following the method of Boissier et al. (2013), we can use our sample to determine the LGRB

e�ciency (the LGRB rate to SFR rate, called GRB bias in Boissier et al. 2013). This method is

based on the comparison of the stellar masses of a sample of LGRB hosts, and of star forming

galaxies in the same redshift range (but lower than ⇠ 1). In this redshift range, the stellar mass

function is about constant in the stellar mass range where it can be measured (above ⇠ 109 M�,

e.g. Ilbert et al. 2013). To compute the e�ciency, we use the same prescription for the star forming

galaxies as in Boissier et al. (2013). For the LGRB hosts, we use our sample that has the advantage

of being better-defined and complete with respect to the compilation used in that paper.

This method is in principle very similar to the comparison performed in the previous section,

but includes prescriptions on star forming galaxies allowing us to compute the variation of the

e�ciency with stellar mass, taking into account the median redshift of each bin. The results (see

Article number, page 11 of 25page.25

Stellar Mass distribution
LGRB hosts vs UltraVISTA

UltraVISTA SFR weighted

Vergani+15
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having detections or deep upper limits in the NIR are among those). For the same reason reported

in Sect. 4.1 we verified that considering only the UltraVISTA galaxies at 0.5 < z < 0.8 (always

taking into account the stellar mass completeness of the survey) we obtain a similar distribution.

As already suggested by the LK distributions, the stellar mass distribution of LGRBs is very

di↵erent from what expected by the UltraVISTA survey. Indeed, from the Kolmogorov-Smirnov

(K-S) test we can discard the hypothesis that the two samples are drawn from the same distribution

(p = 9 ⇥ 10�5).

5. Boissier’s method

Following the method of Boissier et al. (2013), we can use our sample to determine the LGRB

e�ciency (the LGRB rate to SFR rate, called GRB bias in Boissier et al. 2013). This method is

based on the comparison of the stellar masses of a sample of LGRB hosts, and of star forming

galaxies in the same redshift range (but lower than ⇠ 1). In this redshift range, the stellar mass

function is about constant in the stellar mass range where it can be measured (above ⇠ 109 M�,

e.g. Ilbert et al. 2013). To compute the e�ciency, we use the same prescription for the star forming

galaxies as in Boissier et al. (2013). For the LGRB hosts, we use our sample that has the advantage

of being better-defined and complete with respect to the compilation used in that paper.

This method is in principle very similar to the comparison performed in the previous section,

but includes prescriptions on star forming galaxies allowing us to compute the variation of the

e�ciency with stellar mass, taking into account the median redshift of each bin. The results (see
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Stellar Mass distribution
LGRB hosts vs UltraVISTA

LGRB host galaxies

Vergani+15
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Stellar Mass distribution
Vergani+15Boissier’s method
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S.D. Vergani et al.: Are LGRBs tracers of star formation? Clues from the BAT6 sample

As our observed sample is limited to the redshift range z = 0 � 1, we have consider here the

simulated galaxy population at the mean redshift of < z >= 0.6. We have also tested that the

results change only little by considering a more large redshift range in the simulation within z < 1.

For each simulated host galaxy sample we build up the cumulative distribution of stellar masses

that we compare with the observed distribution of our complete sample in Fig. 6. The dotted line

represents the cumulative distribution of the stellar masses of the LGRB host galaxies, whereas the

solid one is obtained considering only the LGRB hosts with stellar masses above the resolution

limit of the simulation. For this plot, we can use the stellar masses obtained by the SED fitting

including the correction for old stellar population (see the end of Sect. 3). As explained above,

such a correction does not change significantly the mass distribution. From the plot it is clear that

the observed distribution is very far from that expected in the case of no metallicity threshold. In

fact, the K-S test performed in Section 4.2 applies to this case. A strong metallicity threshold, i.e.

Zth = 0.1, predicts a distribution too biased towards small stellar masses. The distribution of our

complete sample seems favouring a metallicity threshold Zth = 0.3 � 0.5 Z�.

Fig. 5. Cumulative distribution of the stellar masses (including the old stellar population) of the LGRB hosts
in our sample (dotted line: whole sample; solid line: with LogM?>8.4M�, to comply with the simulation
limits) compared to that obtained by LGRB host galaxy simulations. The observed distribution is explained
by a metallicity cut favouring low metallicities (Z < 0.5Z�).

7. Discussion

Some of the GRB host galaxies stellar masses are close to the UltraVISTA completeness limits.

To check and strengthen the validity of our results, we can compare the stellar mass distribution of

GRB host galaxies to an artificially extended distribution of the UltraVISTA star-forming galaxies

down to LogM?=8.0M�. We proceeded as follows: (i) for each redshift bin, we considered the

mass function of star-forming galaxies of Ilbert et al. (2013) and, supposing no evolution of its

faint end slope, we extended it to LogM?=8.0M�; (ii) to weight for the SFR, we applied a SFR-

Article number, page 13 of 25page.25

Comparison with numerical simulations (see Campisi+09,11)

Stellar Mass distribution

Vergani+15
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S.D. Vergani et al.: Are LGRBs tracers of star formation? Clues from the BAT6 sample

As our observed sample is limited to the redshift range z = 0 � 1, we have consider here the

simulated galaxy population at the mean redshift of < z >= 0.6. We have also tested that the

results change only little by considering a more large redshift range in the simulation within z < 1.

For each simulated host galaxy sample we build up the cumulative distribution of stellar masses

that we compare with the observed distribution of our complete sample in Fig. 6. The dotted line

represents the cumulative distribution of the stellar masses of the LGRB host galaxies, whereas the

solid one is obtained considering only the LGRB hosts with stellar masses above the resolution

limit of the simulation. For this plot, we can use the stellar masses obtained by the SED fitting

including the correction for old stellar population (see the end of Sect. 3). As explained above,

such a correction does not change significantly the mass distribution. From the plot it is clear that

the observed distribution is very far from that expected in the case of no metallicity threshold. In

fact, the K-S test performed in Section 4.2 applies to this case. A strong metallicity threshold, i.e.

Zth = 0.1, predicts a distribution too biased towards small stellar masses. The distribution of our

complete sample seems favouring a metallicity threshold Zth = 0.3 � 0.5 Z�.

Fig. 5. Cumulative distribution of the stellar masses (including the old stellar population) of the LGRB hosts
in our sample (dotted line: whole sample; solid line: with LogM?>8.4M�, to comply with the simulation
limits) compared to that obtained by LGRB host galaxy simulations. The observed distribution is explained
by a metallicity cut favouring low metallicities (Z < 0.5Z�).

7. Discussion

Some of the GRB host galaxies stellar masses are close to the UltraVISTA completeness limits.

To check and strengthen the validity of our results, we can compare the stellar mass distribution of

GRB host galaxies to an artificially extended distribution of the UltraVISTA star-forming galaxies

down to LogM?=8.0M�. We proceeded as follows: (i) for each redshift bin, we considered the

mass function of star-forming galaxies of Ilbert et al. (2013) and, supposing no evolution of its

faint end slope, we extended it to LogM?=8.0M�; (ii) to weight for the SFR, we applied a SFR-

Article number, page 13 of 25page.25

Comparison with numerical simulations (see Campisi+09,11)

Stellar Mass distribution

Vergani+15Metallicity plays a role, but no extreme thresholds
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S.D. Vergani et al.: Are LGRBs tracers of star formation? Clues from the BAT6 sample

As our observed sample is limited to the redshift range z = 0 � 1, we have consider here the

simulated galaxy population at the mean redshift of < z >= 0.6. We have also tested that the

results change only little by considering a more large redshift range in the simulation within z < 1.

For each simulated host galaxy sample we build up the cumulative distribution of stellar masses

that we compare with the observed distribution of our complete sample in Fig. 6. The dotted line

represents the cumulative distribution of the stellar masses of the LGRB host galaxies, whereas the

solid one is obtained considering only the LGRB hosts with stellar masses above the resolution

limit of the simulation. For this plot, we can use the stellar masses obtained by the SED fitting

including the correction for old stellar population (see the end of Sect. 3). As explained above,

such a correction does not change significantly the mass distribution. From the plot it is clear that

the observed distribution is very far from that expected in the case of no metallicity threshold. In

fact, the K-S test performed in Section 4.2 applies to this case. A strong metallicity threshold, i.e.

Zth = 0.1, predicts a distribution too biased towards small stellar masses. The distribution of our

complete sample seems favouring a metallicity threshold Zth = 0.3 � 0.5 Z�.

Fig. 5. Cumulative distribution of the stellar masses (including the old stellar population) of the LGRB hosts
in our sample (dotted line: whole sample; solid line: with LogM?>8.4M�, to comply with the simulation
limits) compared to that obtained by LGRB host galaxy simulations. The observed distribution is explained
by a metallicity cut favouring low metallicities (Z < 0.5Z�).

7. Discussion

Some of the GRB host galaxies stellar masses are close to the UltraVISTA completeness limits.

To check and strengthen the validity of our results, we can compare the stellar mass distribution of

GRB host galaxies to an artificially extended distribution of the UltraVISTA star-forming galaxies

down to LogM?=8.0M�. We proceeded as follows: (i) for each redshift bin, we considered the

mass function of star-forming galaxies of Ilbert et al. (2013) and, supposing no evolution of its

faint end slope, we extended it to LogM?=8.0M�; (ii) to weight for the SFR, we applied a SFR-

Article number, page 13 of 25page.25

Comparison with numerical simulations (see Campisi+09,11)

Stellar Mass distribution

Vergani+15Under basic assumptions, LGRB direct SFR tracers at z~4 
(see also Greiner+15 and Perley+15)
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Star formation rate
Japelj+in prep. (see also Boissier+13, Kruhler+15, Perley+15)
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Star formation rate

Japelj+in prep.
J. Japelj et al.: Are LGRBs biased tracers of star formation? Clues from the BAT6 sample

Fig. 2. (a) SFR-stellar mass relation for BAT6 sample. The color-coding corresponds to redshifts as noted with the color bar on the right sight of
the plot. Small points with the same color-coding correspond to VVDS survey of star-forming galaxies (Le Fèvre et al. 2013). In addition, we plot
the median value of SFR-stellar mass relation at redshift limits of our data as observed in the NMBS survey (Whitaker et al. 2012). Note that the
the latter relation has a scatter of ˘0.35 dex (indicated by an errorbar in the plots). Mass completeness at the two redshifts is taken into account
(i.e. extrapolated range is plotted with dashed line). (b) Specific SFR-mass relation. Errors in M‹ have been taken into account when calculating
sSFR.

Fig. 3. Comparison of SFR-stellar mass (a) and sSFR-stellar mass (b) relations of our BAT6 sample to the samples of extreme starbursts (star
symbols; Atek et al. 2014) and blue compact dwarf galaxies (non-filled diamonds; Rodríguez-Muñoz et al. 2015). Color scale is the same as in
Figure 2. Hosts of GRB 060614A and 061021 were excluded from this comparison because their measured SFR is below the completenes limit of
the two surveys (log SFR „ ´1).

We further compare the SFR and sSFR vs stellar mass trend
with the 0.3 † z † 1 star-forming galaxies studied by Atek
et al. (2014) and the low-mass star forming galaxies and BCD
studied in Rodríguez-Muñoz et al. (2015) (see Section 3.2.4).
GRB host galaxies have on average higher stellar masses than
BCD. We cannot compare the stellar masses with low-mass star
forming galaxies of Rodríguez-Muñoz et al. (2015) as they were
originally selected to have stellar masses less than 108 Md. In
the common covered range of stellar masses SFR and sSFR show
a large but similar spread. Considering the SFR limits of the
Atek et al. (2014) surveys, it can be seen that GRB host galaxies
occupy a smaller stellar mass range and have similar SFR. The
percentage of starbursts, defined as galaxies having log(sSFR)°
´8.2 (Rodighiero et al. 2011), in the 0.3 † z † 1 redshift range

is of „ 5% in the Atek et al. (2014) sample and of „ 22 ˘ 5%
for GRB hosts. RUBEN!!!!!

4.2. Metallicities

In Figure 4 (left) we plot the MZ relation of the BAT6 sample.
The sample is composed of galaxies in the range of z “ 0.1 ´ 1:
observations of normal star-forming galaxies have shown that
the evolution of the MZ relation is already significant in this
range (e.g. Savaglio et al. 2005; Mannucci et al. 2009; Zahid
et al. 2013a). Any comparison with the field galaxies should
thus take that into account. Polynomial fits to MZ relations of
field galaxies lying at di↵erent redshifts are overplotted. Two
hosts (080430 and 071112C) have rather low metallicities, how-
ever such low values for GRB hosts are not unprecedented (e.g.

Article number, page 7 of 15

VVDS

VVDS
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Star formation rate

Japelj+in prep.

J. Japelj et al.: Are LGRBs biased tracers of star formation? Clues from the BAT6 sample

Fig. 2. (a) SFR-stellar mass relation for BAT6 sample. The color-coding corresponds to redshifts as noted with the color bar on the right sight of
the plot. Small points with the same color-coding correspond to VVDS survey of star-forming galaxies (Le Fèvre et al. 2013). In addition, we plot
the median value of SFR-stellar mass relation at redshift limits of our data as observed in the NMBS survey (Whitaker et al. 2012). Note that the
the latter relation has a scatter of ˘0.35 dex (indicated by an errorbar in the plots). Mass completeness at the two redshifts is taken into account
(i.e. extrapolated range is plotted with dashed line). (b) Specific SFR-mass relation. Errors in M‹ have been taken into account when calculating
sSFR.

Fig. 3. Comparison of SFR-stellar mass (a) and sSFR-stellar mass (b) relations of our BAT6 sample to the samples of extreme starbursts (star
symbols; Atek et al. 2014) and blue compact dwarf galaxies (non-filled diamonds; Rodríguez-Muñoz et al. 2015). Color scale is the same as in
Figure 2. Hosts of GRB 060614A and 061021 were excluded from this comparison because their measured SFR is below the completenes limit of
the two surveys (log SFR „ ´1).

We further compare the SFR and sSFR vs stellar mass trend
with the 0.3 † z † 1 star-forming galaxies studied by Atek
et al. (2014) and the low-mass star forming galaxies and BCD
studied in Rodríguez-Muñoz et al. (2015) (see Section 3.2.4).
GRB host galaxies have on average higher stellar masses than
BCD. We cannot compare the stellar masses with low-mass star
forming galaxies of Rodríguez-Muñoz et al. (2015) as they were
originally selected to have stellar masses less than 108 Md. In
the common covered range of stellar masses SFR and sSFR show
a large but similar spread. Considering the SFR limits of the
Atek et al. (2014) surveys, it can be seen that GRB host galaxies
occupy a smaller stellar mass range and have similar SFR. The
percentage of starbursts, defined as galaxies having log(sSFR)°
´8.2 (Rodighiero et al. 2011), in the 0.3 † z † 1 redshift range

is of „ 5% in the Atek et al. (2014) sample and of „ 22 ˘ 5%
for GRB hosts. RUBEN!!!!!

4.2. Metallicities

In Figure 4 (left) we plot the MZ relation of the BAT6 sample.
The sample is composed of galaxies in the range of z “ 0.1 ´ 1:
observations of normal star-forming galaxies have shown that
the evolution of the MZ relation is already significant in this
range (e.g. Savaglio et al. 2005; Mannucci et al. 2009; Zahid
et al. 2013a). Any comparison with the field galaxies should
thus take that into account. Polynomial fits to MZ relations of
field galaxies lying at di↵erent redshifts are overplotted. Two
hosts (080430 and 071112C) have rather low metallicities, how-
ever such low values for GRB hosts are not unprecedented (e.g.
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BAT6 metallicities <z=0.6>

Japelj+in prep.
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BAT6 metallicities <z=0.6>

Japelj+in prep.

High metallicity disfavoured
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BAT6 metallicities <z=0.6>

Japelj+in prep.

But they follow the stellar mass vs metallicity relation
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BAT6 metallicities <z=0.6>

Japelj+in prep.

J. Japelj et al.: Are LGRBs biased tracers of star formation? Clues from the BAT6 sample

Fig. 3. Comparison of SFR-stellar mass (a) and sSFR-stellar mass (b) relations of our BAT6 sample to the samples of extreme starbursts (star
symbols; Atek et al. 2014) and low-mass star-forming galaxies (non-filled diamonds; Rodríguez-Muñoz et al. 2015). Color scale is the same as in
Figure 2.

2004) and high (z „ 6; Steinhardt et al. 2014) redshifts. Both
the slope and normalisation of the correlation are observed to
change over time (e.g. Speagle et al. 2014). In order to asses
whether GRB hosts occupy the same SFR-M‹ region as normal
star-forming galaxies, we plot our BAT6 sample in the SFR-
M‹ plane (Figure 2a). For comparison we plot SFMS rela-
tions fitted to samples of normal star-forming galaxies. We use
the relation of Whitaker et al. (2012) to represent the SFSM at
z “ 0.1. At higher redshift (z „ 0.8) we use a relation ob-
tained in a recent study of Cava et al. (2015), who use a deep
(rAB À 26.5) SHARDS survey of star-forming galaxies - deep
magnitude completeness correspond to the deepest magnitudes
of the BAT6 sample, which is why this study is more appropri-
ate for the comparison. Both relations in Figure 2a have a scatter
of ˘0.35. We further compare our values to various samples of
star-forming galaxies from di↵erent surveys, notably the VVDS
survey (Section 3.2.2) and two surveys selecting dwarf galaxies
(Figure 3).

In general, SFR of the BAT6 sample is increasing with stel-
lar mass, which is expected. While the values for GRB hosts are
quite scattered, they occupy the same parameter region as VVDS
field galaxies (at same redshifts). Especially the two low-redshift
hosts (corresponding to GRBs 060614A and 061021) stand out
with very low specific SFRs. It should be noted that, while these
two hosts have very low SFR, they also have very low mass and
according to fundamental mass-metallicity relation (see Figure
5 right), such values are not unreasonable. We caution, how-
ever, that GRB 060614A is rather peculiar in itself, because even
though its duration clearly makes it a long GRB, no SN has
been detected at the position of the burst, despite its near ori-
gin (Fynbo et al. 2006; Della Valle et al. 2006).

Do we include the plot of the Boissier method (SFR bias)?

If yes, I’d suggest to put it in the appendix, because the re-

sults are not very nice due to a small sample, but nevertheless

show similar trend

4.2. Metallicities

We compare metallicity distribution of BAT6 hosts to VVDS and
UltraVista field galaxy samples (Figure 4). The two surveys do
not reach the SFR and M˚ completeness limit deep enough to al-

Fig. 4. Metallicity distribution of BAT6 sample (solid black line) is
compared to the SFR-weighted distributions of VVDS and UltraVista
samples of field galaxies (red lines). Dashed lines represent the aver-
age BAT6 distribution, obtained by taking into account the errors of
the measured metallicities. We compare complete samples: the VVDS
comparison was done with the following constrains: ipABq † 24.75,
log SFR ° 0.0 and M‹ ° 8.5 Md, while the UltraVista comparison
was done with the constraints: KpABq † 24.0, log SFR ° 0.4 and
M‹ ° 8.5 Md. The samples have comparable average redshifts.

low a direct comparison to the BAT6 sample. The following cuts
were therefore applied to the samples for the purpose of compar-
ison. In the case of VVDS, we select events with ipABq † 24.75,
log SFR ° 0.0 and M‹ ° 8.5 Md, while for the UltraVista

Article number, page 7 of 12
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Conclusions

• At z<1 low LGRB vs SFR efficiency

• Metallicity plays a role 

BUT very low metallicity thresholds are not needed

Progenitors? Binary stars?
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Future work
• Look for evolution

• Improve the statistics

• Extend to higher z 

• Extend to the BAT6 extended sample 
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