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GALAXIES ARE AND
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OUR MODELS ARE AND
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The Metallicity Gradient can't distinquish...

indicative of secular evolution
and inside-out star formation
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indicative of e.g. recent minor
mergers, or extreme outflows
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indicative of inefficient mixing,
constraining SNe-driven feedback
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JWST-GLASS IS INCREDIBLE

12+log(O/H) median

JWST SENSITIVITY 8.1 82 83 84 85 8.6
NIRISS can do 65 mas resolved

spectroscopy on mug < 24 targets!

GRAVITATIONAL LENSING

Magnification improves

resolution and sensitivity.
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WHAT DO WE

kDO NOW?




MODELLING IN:
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intrinsic source + lensing effect § + convolution + noise

+ pixelisation
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CORRECTIONS FOR PSF SMEAR \\@




FLEXIBLE MODELS

metallicity




LOCAL DATA LOOKS
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NGC 2835 with MUSE _ M83 with TYPHOON
~20pc resolution! _ ’ ~40pc resolution!




CAN WE DO EVEN BETTER?

“GEOSTATISTICS IS THE
STUDY OF A RANDOM
PROCESS THAT VARIES
OVER A SPATIAL DOMAIN
IN A PREDICTABLE WAY”

Georges Matheron. Image credit:

Centre de Geosciences



HIERARCHICAL MODELLING

ObS(x) — true(x) T G(X)
true(x) T (X) + 7] (X)

Process mean: Random fluctuations:
accounts for the metallicity gradient spatially-correlated deviations




IF WE CAN MODEL e(x),

1(x), AND 7(x), THEN WE
CAN MODEL THE GALAXY!




TESTING AN

» Stochastic partial differential equations
e Assumptions:
» Constant, uniform star formation
 Linear diffusion
* No stellar winds
» Predictions:

» Spatial correlation of metallicity




Variance

S

0.0018 A
0.0016 A
After ~2 kpc, variance
0.0014 A stops increasing as
separation increases
At large separations,
0.0012 A small number statistics
lead to unreliable results
0.0010 A
Near zero separation,
variance is dominated
0.0008 - by measurement error Metha+21
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IVARIOGRAMS REVEAL SUBSTRUCTURE

WORKS ON BAD DATA
Naturally separates structures

from uncorrelated noise.

HIGHLY INFORMATIVE

Shows covariance structure, like

a power spectrum.
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The KT18 model vastly
underpredicts the variance!
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R 6 OTHER GALAXIES

Deprojected distance (kpc)
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GALAXIES AREN'T
VERY WELL MIXED!




— MORE DETAILS

etal rich

Observations VZ predictions Geostatistical Model

Metaﬁoor




GEOSTATISTIC MODELS - BETTER PREDICTIO

VZ predictions 897 Geostatistical Model
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RESOLUTION LIMITS

Native resolution 78pc (f=2) 157pc (f=4) 235pc (f=6) 313pc (f=8) 392pc (f=10) 470pc (F=12) 940pc (f=24)

MUSE quality

e CALJFA/SA
¥ MANGA qudll



/ RESOLUTION LIMITS \




PREDICTION ACCURACY vs RESOLUTION




THE ELTs WILL SOLVE




FOR LOCAL GALAXIES

= Direct comparisons to zoom-in simulations like FIRE!

NGC 2835 with-MUSE
~20pc resolution!
&




METALLICITY

May need new diagnostics.
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GEOSTATISTICS AT HIGH REDSHIFT!

GMTIFS, HARMONI and IRIS will give better than
100pc resolution at all redshifts.

=== Planck 2018 cosmology
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SUMMARY

Geostatistical methods
. . Lenstron ’ i g
High resolution enstronomy’s new are ideal for ELTs’ data

e . module can correct for
metallicity maps contain

a wealth of information! PSF smear and fit new
models to JWST data - _

O




DO YOU HAVE ANY QUESTIONS?

methab@student.unimelb.edu.au

CREDITS: This presentation template based on a template by

Slidesgo, and includes icons by Flaticon and The Noun Project
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