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Gas-Phase Metallicities tell us about gas-flows
• We can set up a “closed-box” model for galaxy formation and learn from
deviations from the model.
• M = Mgas + Mstars
• Ṁ = 0 = Ṁgas + Ṁstars (no sinks or sources!)
• if metallicity, Z = Mmetals/Mgas
• y = yield = mass of metals produced per mass of stars
• Z(t) = - y ln (Mgas / Mgas + Mstars)
We can use simulations to add sinks or sources, and variations with mass/
redshift

The low-redshift mass-metallicity relation is
interpreted as evidence for outflows.
• Qualitatively, you could
interpret the M-Z relation as
lower mass galaxies being
less chemically evolved.
• BUT! The slope is not correct
for a closed box
• Low mass galaxies have
too few metals for the
amount of gas that they
have. --> implies gas
loss.

Tremonti et al. (2004)

Cutting Edge: Lower Masses and Higher Redshifts
• Lower masses allow for
more stringent tests of
models (i.e. outflows are
most important!)
!

• Better redshift coverage
tells us how gas-flows
evolve

z~2.2 (Erb et al. 2006)

Cutting Edge: Lower Masses and Higher Redshifts

z~2 (MOSDEF; Sanders et al. 2015)

Cutting Edge: Lower Masses and Higher Redshifts

z~2 (KBSS; Steidel et al. 2015)

Cutting Edge: Lower Masses and Higher Redshifts

z~1-2 (Wuyts et al. 2012)
(See also Belli et al. 2013)

HST can reach lower masses!
The WISP+UDF at <z> = 1.8
• First result from 29 WISP fields with
G102 and G141 together. (Both
grisms helps!)
• We stacked spectra from 64 starforming galaxies from WISP and the
19 from the UDF. Four mass bins.
• Selection: secure redshifts from
more than one line, and no
contamination from overlapping
spectra
• No requirement that Hβ be detected
in individual spectra
Henry et al. (2013, ApJ, 776, 27L )

The Low Mass Evolution of the MZ relation
• high-z MZ relation appears
to be steep. Possibly
steeper than momentumdriven winds
• Evolution ~0.3 dex (factor
of 2 in 10 Gyr)
• Hopkins et al. (2012,
MNRAS, 421, 3522)-lower gas surface density
in dwarfs (and disks) leads
to energy-driven winds?
evolution from preferred
momentum driving?
Larger samples/lower

Henry et al. (2013, ApJ, 776, 27L)

But wait! Metallicity calibrations have enormous
systematic uncertainties.
z~0

low metallicity
high ionization

z~2

high metallicity
low ionization
Kewley & Ellison (2008)

Steidel et al. (2014)

Possible explanations: weird N/O (WR stars? rapid rotating low metallicity
hot stars?), higher electron densities, harder ionizing spectra, shocks?

In metallicity science, we need better data rather
than more of the same.
Low redshift extreme emission line galaxies
(e.g. Green Peas) are an ideal environment.

•
•
•

BPT offset
enhanced N/O suggested (Amorin et al. 2011)
Hot Stars (Te~70,000K; Jaskot & Oey 2013)

strong Lyα emission
(Henry et al. 2015)

Henry et al. (in prep)

High fidelity emission line spectroscopy from
stacking at low-z.

Stacking SDSS/BOSS spectra of Green-Pea-like galaxies brings us into an entirely
different diagnostic regime (think, HII region spectroscopy!):
!
• multiple electron temperature diagnostics (which disagree!)
• nebular He II 4686—counting the hard ionizing photons
• density diagnostics from more highly ionized zones ([Cl III], [Ar IV])
!

Conclusions
•

The gas-phase metallicities of galaxies are a record of inflow, outflow,
and star-formation. Hence, we hope that the mass-metallicity relation
can be used to understand the astrophysics of the baryon cycle.

•

HST data is useful for getting reaching the lowest mass systems,
where outflows are the strongest. We’ve only just begun to analyze
all of the grism data! (WISP, GLASS, 3D-HST/AGHAST, FIGS, Barro.)

•

We need to figure out calibration issues, which will be important if we
want to make the most of future observatories (JWST, TMT/GMT,
WFIRST?)

•

In the mean time, publish your line ratios/fluxes!

