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Simulations

Illustris, IllustrisTNG, EAGLE, 
and SIMBA

• Star-Forming Central Galaxies

Papers ->

Why Does this Matter?

• The FMR directly traces the Baryon 
Cycle of Galaxies

• The current FMR framework completely 
ignores(!!) salient information about 
how galaxies evolve by assuming no 
evolution

• The evolution of metals is a proxy for the physics underpinning 
the Baryon Cycle

• Fundamental Metallicity Relation (FMR) is relationship 
between stellar mass, gas-phase metallicity, and SFR of 
galaxies 

• Low-z observations suggest FMR might be redshift-invariant… 
JWST results at high-z seems to suggest otherwise…

Background Image Credit: EAGLE Collaboration
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How FMR Works

Usually 
parameterized with

Importance of SFR 
in setting Scatter
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Low α

Tight Correlation

Weak Correlation

1. The role of SFR in setting the scatter about the MZR changes in 
every simulation!! (Above)

• “Weak” FMRs – All four simulations’ SFR importance vary!

2. The changing importance with redshift also has implications 
for the normalization of the MZR!! (Right)

• TNG and EAGLE underpredict metallicity evolution! 
(“Dynamic” FMR)

• Illustris and SIMBA approximately correctly predict 
Metallicity Evolution (“Static” FMR)

• With more specific understanding of what is evolving (scatter 
and/or normalization of MZR) we can (1) constrain future 
simulation models and (2) understand the complexities of the 
baryon cycle

Contact: alexgarcia@virginia.edu

High α

• Gas inflows add pristine 
gas and fuel new SFR

  (low Metals & High SFR)

• New SFR enriches ISM 
and depletes gas

  (High Metals & Low SFR)

Practically Physically
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