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Observations of nearby galaxies
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Increasingly distant galaxies

Credit: Robert Gendler

Credit: NASA/ESA/S.Beckwith & HUDF team

Rau+08



Very distant galaxies
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Using GRBs as a probe of 
cosmic chemical build-up



Gamma Ray Bursts (GRBs)
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GRB emission mechanism
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Metallicities in absorption
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Absorption-derived metallicities are largely model-independent 
and sensitive down to very low metallicity values
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Cosmic chemical evolution
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Want to….
• measure host galaxy stellar mass and SFR
• cross calibrate absorption to emission-line derived metallicities

Emission-based
metallicities

Absorption-based
metallicities
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Emission-based
metallicities, Zem

Absorption-based
metallicities, Zabs

Cross-calibrate metallicity diagnostics

Zem: More sensitive for more massive, chemically evolved galaxies
Zabs: More sensitive for low-mass, chemically unenriched galaxies



Cross-calibrate metallicity diagnostics
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With JWST+GRBs can study discrepancy in metallicity diagnostics 

MZR evolution 0 < z < 3.5 5

Figure 1. A comparison between emission-based and absorption-based
gas-phase metallicities for three GRB host galaxies, GRB120119A,
GRB120815A, and GRB121024A. Circle symbols represent estimates we
have made using a series of strong emission-line diagnostics, and star sym-
bols represent estimates from the Wiseman et al. (2017) absorption-line
analysis (see §2.2.1). The measurements labelled pdf for GRB120119A and
GRB121024A are taken from Krühler et al. (2015), who used five emission-
line diagnostics, calibrated at low-z by Nagao et al. (2006) and Maiolino
et al. (2008), to form a combined probability density function (pdf) for the
metallicity of this system. We note that all the metallicities obtained for
GRB121024A are consistent (within errors) with the values obtained by
Friis et al. (2015) for this system when using the same diagnostics. For all
three GRB hosts, the absorption-line method estimates a lower metallic-
ity than the emission-line methods, sometimes with the discrepancy being
larger than the expected uncertainties on each measurement.

sight? [Not really - it’s almost all ionised so doesn’t make it to
the metallicity calculation. If some creeps in, it’s column is neg-
ligible compared to a DLA (3 dex or so, if you look at my 080810
paper and other CGM papers (Steidel+10))]; (f) low-number
statistics; etc. . . ]

3 DERIVED PROPERTIES

3.1 Stellar masses

With the exception of the Berg et al. (2012) sample (see Appendix
A.3) and the SLSN sample (see Appendix A.7), all systems in
our low-redshift dataset have stellar masses taken either from the
Sloan Digital Sky Survey MPA-JHU data release 7 (SDSS-DR7,
Abazajian et al. 2009)3 or the NASA-Sloan Atlas v0_1_2 (NSA,
Blanton et al. 2011).4

3 wwwmpa.mpa-garching.mpg.de/SDSS/DR7/
4 nsatlas.org/

Figure 2. A comparison between stellar masses derived by the SDSS-DR7
catalogue and the NSA catalogue for the same 110,290 galaxies (grey con-
tours). The 83 galaxies from our low-redshift dataset that are also found
in both catalogues are over-plotted (coloured points). We note that error
bars for the SDSS-DR7 masses are plotted between the 16th and 84th per-
centiles of the likelihood distribution formed from fitting the SDSS photom-
etry (Brinchmann et al. 2004), whereas the error bars plotted for the NSA
masses are all the representative 1� error of 0.1 dex found by comparing
these masses to those obtained by Kau�mann et al. (2003) using Lick in-
dices (Blanton & Roweis 2007). The SDSS-DR7 analysis under-estimates
M⇤ compared to that of the NSA, particularly at lower masses.

The SDSS-DR7 catalogue provides total stellar masses for
⇠ 779, 000 galaxies from their spectroscopic sample, calculated
from SED fitting to u,g,r,i,z SDSS photometry assuming the stellar
population synthesis (SPS) models of Bruzual & Charlot (2003),
a Kroupa (2001) IMF (which we have corrected to a Chabrier
2003 IMF here), and a dimensionless Hubble parameter of h = 0.7
(Kau�mann et al. 2003; Salim et al. 2007).

The NSA catalogue combines improved u,g,r,i,z optical pho-
tometry from the SDSS-DR8 (Aihara et al. 2011) with UV photom-
etry from GALEX (Lee et al. 2011), to obtain stellar masses from
SED fitting for⇠ 145, 000 galaxies at z < 0.055 using the kcorrect
package (Blanton & Roweis 2007). The SPS models of Bruzual &
Charlot (2003), a Chabrier 2003 IMF, and a dimensionless Hubble
parameter of h = 1.0 were assumed.

Given that stellar masses are presented in units of h
�2
68 M�

in this work, we have multiplied all SDSS-DR7 masses by the
small factor 0.72/0.682 = 1.06 and all NSA masses by the larger
factor 12/0.682 = 2.16 to maintain a consistent assumed cosmology
throughout.

When stellar masses are available from both catalogues, we
adopt those provided by the NSA. This is because the NSA anal-
ysis does not su�er from the systematic flux under-estimation for
extended systems that the standard SDSS analysis does, due to im-
proved background subtraction (Blanton et al. 2011). This is partic-
ularly important for low-luminosity dwarf galaxies such as those in
our study, as these tend to be nearby and therefore more extended on
the sky. Fig. 2 shows (as contours) a comparison between the stellar
masses derived from the SDSS-DR7 and those derived from the
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Highly model dependent

Local rather than global
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Summary
• Long GRBs are excellent and unique probes of distant, star forming 

galaxies

•  The imprint left on their afterglow spectra from intervening material 
provides a unique view of the chemical composition and conditions of 
the ISM in their host galaxies

• To optimise their use as probes of distant galaxies, need to 
investigate how properties inferred from absorption spectroscopy 
compare to emission-based analysis

• The future NASA JWST mission (all $9.66 of it!) promises significant 
headway in this area or research, and in the cosmic chemical 
evolution in general

• Future, sensitive infrared and X-ray missions (Theseus, ATHENA) 
will greatly increase high-z GRB samples


