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MOTIVATION: BPT DIAGRAM
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MOTIVATION: N/O VARIATIONS
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At low metallicity nitrogen produced by regular helium burning in massive stars
At high metallicities excess nitrogen can be produced via the CNO cycle



[OIll}/HB VS, REDSHIFT

o Model the evolution of the [OIll}/Hb ratio as a function of
redshift and compare to observations.

° No dependence on N/O ratio variations

° Allows us to extend samples out to z ~ 4



DATA

Local Reference Sample:

~50,000 SDSS spectra from the DR/ MPA catalogue at 0.02 <z < 0.12

3D-HST:
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HEORETICAL MODELS  ewey+ 20132016

Cosmological Hydrodynamical Simulations — eeVEgeldiEt:

l

Metallcrty vs. redshift

l

Stellar population synthesis models  EERESEIEE

l

mmd Photoionization modelling  EEENES
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[OIll/HB vs redshift




HEORETICAL MODELS
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This theoretical relation Is In agreement with current data out to z ~ 2 using the
Kobulnicky+Kewley 2004 metallicity calibration



IMPORTANT POINT:

* Since we separately constrain the ISM pressure (electron density), the
Increasing 1onization parameter models represent an increase in the number
of hydrogen ionizing photons incident on a unit area of the ISM.

1 3 Sanders+2014
U x Q/3nl/3ed/?



B

two ways to achieve this:

‘harder’ EUV field

wavelength

Sanders+ 2016, Kewley+2016

B

scale the EUV field

wavelength



Test four scenarios:

HEORETICAL MODELS

onization parameter and ISM pressure remain constant with redshift

SM pressure only increases with redshift

onization parameter only increases with redshift

S

Both 1onization parameter and ISM pressure increase with redshift
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LINE LUMINOSI
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Increasing line luminosity thresholds in SDSS galaxies mimics line ratio evolution
observed at high redshift



CORRECTING FOR LUMINOSITY BIAS

Cullen+ submitted
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As found by Juneau+2014, [Olll}/Hb correlates with [OIlll] luminosity

Run set of simulation on the 3D-HST data to determine luminosity limrts



CORRECTING FOR LUMINOSITY BIAS
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IMPROVING R
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lonization parameter must be accounted for when measuring metallicities from
nebular lines
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Redshift evolution of the [Olll]/Hb ratio cannot be explained by
metallicity evolution alone.

Instead the ionization parameter must increase with redshift (also
maybe the ISM pressure?), meaning more Hydrogen ionizing
photons incident on a unit area of the ISM (denser star forming
clusters?)

Metallicity diagnostics calibrated with local Universe galaxies are
not valid at high redshift.

Metallicity diagnostics have to account for variations in ionization
parameter and ISM pressure.



