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Roadmap

 Introduction to the Galaxy And Mass Assembly (GAMA) survey

Exploring the evolution of star-forming galaxies:

★ GAMA H⍺ luminosity functions & their parameterisations

★ Exploring the cosmic star formation history over the past 4 
Gyrs

★ Bivariate luminosity functions (e.g. H⍺ versus stellar mass)

★ Enhancement of star formation in small-scales

AAT (Image credit: Angel Lopez-Sanchez)2



 High spatial and redshift completeness

 20-band photometry:                                     
FUV, NUV, ugriz, YJHK, WISE, 
HERSCHEL (ASKAP, GMRT) 

 Data Release I - IV
S.P. Driver et al., 2011, 2022

See the GAMA website:
http://www.gama-survey.org/

 Spectroscopic analysis
- A.M. Hopkins et al., 2013, MNRAS, 430, 2047
- M.L.P. Gunawardhana et al., 2011, 2013, 1015, MNRAS

 Stellar masses 
- E.N. Taylor et al., 2011, MNRAS, 418, 1587
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http://www.gama-survey.org
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PEGASE view of the evolution of continuum luminosity for a galaxy with continuous star formation, 
which was truncated at ~10 Myr
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The advantages of having 
spectra…
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Fig. 4.— The observed relation between a) stellar mass, metal-
licity and SFR (M! yr−1, c.f. Figure 1 of Yates et al. 2012) and
b) stellar mass, Balmer decrement and SFR using the T2 sample
from Yates et al. (2012). The data are the a) mean metallicities
and b) mean Balmer decrements in constant width bins of stellar
mass and SFR. The curves are color-coded corresponding to the
different SFR bins shown in the legend (the value given for the
SFR is the bin center).

the various SFR bins. The center of each SFR bin is
given in the legend of the figure. We refer the reader to
Yates et al. (2012) for more details on methodology and
sample selection.
We present Figure 4 to draw attention to the qualita-

tive similarities in the observed MZSR as compared to
the observed MDSR (Figure 2). At a fixed stellar mass
there exists an anti-correlation between the metallicity
and SFR for galaxies with stellar masses ! 1010M!. At
a stellar masses " 1010M! the trend reverses and a posi-
tive correlation is observed between metallicity and SFR
at a fixed stellar mass. As can be seen in Figure 4b,
the twist in the MDSR is also present in the Yates et al.
(2012) data.
The anti-correlation between metallicity and SFR at

lower stellar masses is significantly stronger than the
anti-correlation between dust extinction and SFR. We
determine the correlation coefficient between SFR and
metallicity for ∼ 7400 galaxies in the stellar mass range
of 9.4 < log(M∗/M!) < 9.5. The metallicities are taken
from the DR7 and are determined using the Bayesian
technique of Tremonti et al. (2004). The sample correla-
tion coefficient between the aperture corrected SFR and
metallicity is r = −0.41. Using the SFR determined from
the observed Hα luminosity in the fiber the Spearman
rank correlation coefficient between SFR and metallicity
is r = −0.15. The anti-correlation between stellar mass
and metallicity is still present when using Hα fiber SFRs
(e.g. Mannucci et al. 2010), however the strength of the
correlation is diminished.
Metallicity is a measure of oxygen relative to hydro-

gen whereas dust extinction is dependent on the abso-
lute number of absorbers within the line of sight. To
first order, the observed dust extinction, unlike metal-
licity, is independent of the gas fraction. The stronger
correlation between SFR and metallicity as compared to
SFR and dust extinction and much of the difference in
the MZSR as compared to the MDSR seen in Figure 4
is likely due to a correlation between the gas fraction
and SFR. Higher gas fractions may sustain higher SFRs
while also diluting the metallicity, thus strengthening the
anti-correlation between metallicity and SFR observed at
stellar masses < 1010M!. Measurements of gas masses
in a large sample of star-forming galaxies should provide
important insight into the relationship between metallic-

Fig. 5.— The observed relation between stellar mass, dust ex-
tinction and SFR (M! yr−1). Similar to Figure 2b but with dust
extinction determined from the Hα/Hγ ratio.

ity and dust.

4. SYSTEMATIC, SELECTION AND APERTURE EFFECTS

In this section we investigate possible systematic is-
sues with improper subtraction of Hβ absorption (Sec-
tion 4.1), biases in the observed MDSR associated with
our method of sample selection (Section 4.2) and sys-
tematic effects of measuring global physical properties
of galaxies from emission lines observed within a limited
aperture (Section 4.3). We conclude that selection and
aperture effects are not significant in our determination
of the MDSR.

4.1. Systematic Effects in the Hβ Absorption Correction

In Figure 5 we plot the MDSR with dust extinction de-
termined from the Hα/Hγ ratio. The relation presented
in Figure 5 displays the same characteristics as Figure 2b.
An anti-correlation between dust extinction and SFR at
stellar masses < 1010M! and a positive correlation at
higher stellar masses. We observe a ∼ 0.1 magnitude
greater extinction when determining Av from Hα/Hβ as
compared to Hα/Hγ. Groves et al. (2012) find a simi-
lar offset and by comparing SDSS DR7 data with DR4
data. They attribute the difference in extinction deter-
mined from Hα/Hβ and Hα/Hγ to a systematic error in
the subtraction of the underlying Hβ Balmer absorption.
While systematic effects in subtracting the underlying
Hβ absorption may affect the absolute measurement of
Av, we conclude that the observed twist in the MDSR
is not affected. A comparison of Figure 5 with Figure
2b shows that a greater difference in Av is observed at
higher stellar masses and SFRs. The overestimation of
Av appears to be correlated with the stellar mass and
SFR.

4.2. Selection Effects

We select star-forming galaxies from the parent sample
using the BPT method which allows us to identify and
remove galaxy spectra dominated by AGN emission (see
Section 2). We require a S/N > 8 in the Hα and Hβ

Highest SFR

Lowest SFR

Zahid et al., (2013)

 Dust obscuration based on the ratio of 
Balmer lines (H𝛂/Hβ)

 Active Galactic Nuclei/Star-forming 
selection is based on emission line ratio 
diagnostics (i.e. BPT) 

 The GAMA star-forming sample covers:                        
SFR       0.01 <  SFR [Mʘ yr -1] < 100    
stellar mass   107 < M/Mʘ  < 1012                      
Redshift   z ≲ 0.35

[SII] 
doublet

H𝛂 & [NII] 
doublet

[OIII] 
doublet

Hβ
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H𝛂 Luminosity functions

z < 0.1
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H𝛂 Luminosity

 Depth, sky coverage and 
completeness (spectroscopic and 
spatial) are key in exploring the 
evolution of star formation through 
statistical studies

The z<0.1 LF samples a wide range in 
luminosity and extends about one 
magnitude in luminosity towards 
both fainter and brighter luminosities

 For GAMA:                                                                              
Depth                   19.8 in r-band mag.                                        
Coverage              ~144 sq. degrees (equatorial fields)                     
Completeness    ~98.5% in redshift (equatorial fields)

Gunawardhana et al., (2013, 15)
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Star formation in the 
Local Universe
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Redshift
 Cosmic star formation history 
as probed by different star 
formation rate indicators

- Nebula emission lines: 
[OII], [OIII], Hα, Hβ

- Photometric measures: UV, 
mid-IR, far-IR, radio)

 With GAMA, we were able to 
constrain the star formation 
rate density over the last 4 
Gyrs of cosmic history

~2.2 Gyr~3.3 Gyr~6 Gyr~4 Gyr

Gunawardhana et al., (2013, 15)
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The mass dependence 
of star formation
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 Bivariate Hα - stellar mass function, 
exploring the stellar mass dependence of 
star formation rate density
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Gunawardhana et al., (2015)

 The contribution to SFR density 
progressively increases with increasing 
stellar mass

8



Star formation on 
sub-Mpc scales

 Surveys with very high spatial completeness are needed to study the fraction of star 
formation taking place in mergers with redshift.

z < 0.1

-1.5 -1  -0.5 0   0.5 1   

0.4

0.8

1.2

1.6

2  

2.4

C
or

re
la

tio
n 

si
gn

al

Projected separation between galaxies

  Very close pairs can show greatly 
enhanced star formation, but it can 
be dust obscured

 In the local Universe, the 
enhancement in specific SFR at 
close separations shows a 
dependence on the optical 
brightness of galaxies

Gunawardhana et al., (2018)
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Summary

 Bivariate selection influences ANY star-forming sample drawn from 
a magnitude-limited survey. As a consequence, the resulting SFR 
densities can be underestimated. 

 One way to correct this is to model the bivariate distribution

  Star formation in galaxies follows a Gaussian-like (or two-power law) 
distribution, NOT a Schechter function (i.e. an exponential decrease)

 GAMA Hα luminosity functions confirm this, making Hα consistent with 
other wavelength estimators of SFR, such as IR and radio.

      (Image credit: Jesse van de Sande)10


