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Metallicity, Star-Formation 
and Gas Flows

Gas-Phase Oxygen Abundance  
Z = 12 + log(O/H)

Star- 
Formation Inflows Outflows

ΔZ ?



The Mass-Metallicity Relation

TREMONTI+, 2004



The Stellar Mass, Metallicity  
and SFR Relation

MANNUCCI+, 2010
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Analytical Model of  
Galactic Chemical Evolution



Star-forming galaxies at z~1.5
Most abundant element produced in massive stars 

Strong emission lines allow us to measure abundance out to high redshifts 
A good proxy of total metal production 

The Impact of Outflows

TOTAL PRODUCED

GAS PHASE

STARS

ZAHID+, 2012B
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The Universal  
Metallicity Relation

ZAHID+, 2014B 



ZAHID+, 2014B 

The Origin of the  
Mass-Metallicity Relation



ZAHID+, 2014B 

The Origin of the  
Mass-Metallicity Relation



ZAHID+, 2014B 

The Origin of the  
Mass-Metallicity Relation



ZAHID+, 2014B 

The Origin of the  
Mass-Metallicity Relation



The Observed Gas Mass - 
Stellar Mass Relation

PEEPLES+, 2014
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The Evolution of the  
Mass-Metallicity Relation



Model Predicts Cosmological 
Evolution of Gas

AVERAGE GAS MASS 
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Model Predicts Cosmological 
Evolution of Gas

AVERAGE GAS MASS 

1) Gas mass has weak dependence on redshift

2)  Slope of gas mass - stellar mass relation independent of 
redshift out to z ~ 1.5
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Model Predicts Star-Formation 
Efficiency Increases
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The Universal Metallicity  
Relation in Local Galaxies

ZAHID+, 2014B



NUMERICALLY SOLVE 
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NUMERICAL MODELING OF 
CHEMICAL EVOLUTION 
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The Stellar Mass, Metallicity  
and SFR Relation



ANALYTICAL MODEL OF  
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LEAUTHAUD+, 2012
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COSMOLOGICAL CONNECTION

ALSO SEE:

VOGELSBERGER+, 2013

BEHROOZI+, 2013BEHROOZI+, 2013
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OXYGEN IN STARS



Covariance Among  
Fit Parameters 



Tumlinson+, 2011

Credit: STScI, J. Werk

OUTFLOWS IN  
STAR-FORMING GALAXIES



Kobulnicky & Kewley, 2004

HOW TO MEASURE METALLICITY


