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Metallicity, Star-Formation
and Gas Flows

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

| Star-
. Formation
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The Mass-Metallicity Relation
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The Stellar Mass, Metallicity
and SFR Relation
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Evolution of the
Mass-Metallicity Relation

12 + log(O/H) = Z, + log [1 — exp <_ [M*r”
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Mass-Metallicity Relation

Evolution of the

12+log(0/H)

12 + log(O/H) = Z, + log [1 — exp <_ [J\Lr)]

M,
2. E 9.1F S
. ] E '..rl l‘ ]
: ¢ : ol
S‘ — . 9.05— =
: | I : p&
: 1 S : ‘o
C ] N ™
- 1 92 89F A :
+ it

+ 1~ - ,’+ m — z=0.08, SDSS ]
- + i s8E ,+'+ - z=0.29, SHELS 3
: “'T e — z=0.78, DEEP2 ]
: +/ | — 2=1.55, COSMOS
S R R T R E 8.7F 0 .
9.0 9.9 10.0 10.5 11.0 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8

log(M,/M) ylog(M,/M,)

ZAHID+, 2014B



The Key Question:

What do the parameters mean physically?

12+10g(O/H) = Z, +10g [1 — exp (—




The Key Question:
What do the parameters mean physically?

12+10g(0/H):‘10g [l—e"p( [%] )]

= 9.102 = 0.002




The Key Question:
What do the parameters mean physically?

12 +1og(O/H) log [1 — exp (— [Aﬁj@]

Z, =9.102 = 0.002
y = 0.513 = 0.009




The Key Question:
What do the parameters mean physically?

12 +log(O/H) log [1 —exp (— ]

Z, =9.102 = 0.002
y = 0.513 = 0.009

log(M, /M) = (9.138 4 0.003) +(2.64 £ 0.05) log(1 +7)



Analytical Model of
Galactic Chemical Evolution

dz  d (MZ) 1 (dMZ Za’Mg)
dM, dM, \M,) M, \dM, d M,
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The Impact of Outflows
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Analytical Model of
Galactic Chemical Evolution

dz  d (Mz) 1 (sz Za’Mg)
dM, dM, \M,) M, \dM, — dM,

ASSUME:

1) My, =GM/

2) Mz,Out X My

3) Star — formation fueled by inflow




Analytical Model of
Galactic Chemical Evolution

SOLUTION TO ANALYTICAL MODEL:

12 + l(:)g(O/H) = log (1 ;\R> + log _1 — exp ( J[:;)_




Analytical Model of
Galactic Chemical Evolution

SOLUTION TO ANALYTICAL MODEL:
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Analytical Model of
Galactic Chemical Evolution

SOLUTION TO ANALYTICAL MODEL:

12 + log(O/H) + log |1
MODEL FIT TO THE DATA: )
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Analytical Model of
Galactic Chemical Evolution

SOLUTION TO ANALYTICAL MODEL:
Yy

12+ log(O/H) = log (1

MODEL FIT TO THE DATA:

12+ log(O/H) = Z,+ log




Analytical Model of
Galactic Chemical Evolution

SOLUTION TO ANALYTICAL MODEL:
Yn

12+ log(O/H) = log (1 -

MODEL FIT TO THE DATA:
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The Universal
Metallicity Relation
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12 + log(O/H)

The Origin of the
Mass-Metallicity Relation
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12 + log(O/H)

The Origin of the
Mass-Metallicity Relation
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12 + log(O/H)

8.01L

The Origin of the
Mass-Metallicity Relation
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The Observed Gas Mass -
Stellar Mass Relation

Mgas, ISM / M‘
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The Evolution of the
Mass-Metallicity Relation
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Model Predicts Cosmological
Evolution of Gas

AVERAGE GAS MASS

,‘ “ ' . M. 0.49
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Model Predicts Cosmological
Evolution of Gas

AVERAGE GAS MASS

o ‘ M, O\
My(My, z) = 3.87 X 109< 1010 M, ) Mo

1) Gas mass has weak dependence on redshift




Model Predicts Cosmological
Evolution of Gas

AVERAGE GAS MASS

1010 M,

D § =4

My(M,, z) = 3.87 x 107 (14 2)1% (

Mo

1) Gas mass has weak dependence on redshift

2) Slope of gas mass - stellar mass relation independent of
redshiftouttoz ~ 1.5



Model Predicts Star-Formation
Efficiency Increases
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Model Predicts Star-Formation
Efficiency Increases
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Model Predicts Star-Formation
Efficiency Increases
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THE UNIVERSAL RELATION OF GALACTIC CHEMICAL EVOLUTION:
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The Universal Metallicity
Relation In Local Galaxies
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NUMERICAL MODELING OF
CHEMICAL EVOLUTION

NUMERICALLY SOLVE
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log(¥) [Mg yr_1]

The Stellar Mass, Metallicity
and SFR Relation
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ANALYTICAL MODEL OF
GALACTIC CHEMICAL EVOLUTION
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ANALYTICAL MODEL OF
GALACTIC CHEMICAL EVOLUTION
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COSMOLOGICAL CONNECTION
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OXYGEN IN STARS
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Covariance Among
-t Parameters
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OUTFLOWS IN

S TAR-FORMING GALAXIES

Credit: STScl, J. Werk

Tumlinson+, 2011
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HOW TO MEASURE METALLICI'TY
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