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Terrestrial ecosystems exhibit ecological stability: If an ecosystem is perturbed, biological feedback drives it back toward an
equilibrium state, but an ecosystem does not remain stuck in its equilibrium state because it is continually perturbed. Are
galaxies really similar to biological ecosystems in that regard? My talk will consider whether the atmospheres of galaxies have
feedback-regulated equilibrium states and what the observational consequences of those states might be. While considering
those questions | will lay out a framework for classifying how halo-scale feedback loops operate.
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Galaxies as Cosmic Ecosystems

G M Voit (Michigan State U)
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Conference Themes

e Small to large scales

e Hot gas to cold gas

e Galactic to intergalactic scales
e Diffuse to dense structures

o Past feedback processes to present-day observations
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Stable ecological systems abound in nature, and the scientific literature has documented
them to a great extent. Scientific studies mainly describe grassland plant communities and
micrabial communities.[! Nevertheless, it is important to mention that not every community or ecosystem in nature is stable (for

example, wolves and moose on Isle Royale). Also, noise plays an important role on biological systems and, in some scenarios,

fully determine their temporal dynamics.
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Stable ecological systems abound in nature, and the scientific literature has documented
them to a great extent. Scientific studies mainly describe grassland plant communities and
micrabial communities.[*! Nevertheless, it is important to mention that not every community or ecosystem in nature is stable (for e
example, wolves and moose on Isle Royale). Also, noise plays an important role on biological systems and, in some scenarios, ‘
fully determine their temporal dynamics.
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Gravitational Binding Energy
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Powerful feedback events have long-term consequences

Current / Transient Cumulative / Permanent
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Large -Scale Baryon Distribution
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Large -Scale Baryon Distribution

Ayromlou+23

| MILKY WAY

|\\||||1|\\||||\\||||||\||||\\||||

15.0- \\ /\

12.p

Homework: Constrain with X-ray, SZ, FRB, WL, ...
see e.g., ()ppenbc’imer+25 DPM

N ul
(9] o
Pl ey

0.0_I\\I|IIWI‘\III|\\II|III\|III\‘IIII
9 10 11 12 13 14 1

log10(M200/Mo)

(8]

Both galaxy evolution and large-scale
baryon distribution depend on pootrly
understood feedback mechanisms

Page 10/28



irsa: 25070002

Baryon Lifting: Energy Requirements
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Baryon Lifting: The Big Picture
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Baryon Lifting: The Big Picture
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Baryon Lifting: The Big Picture
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The Crucial Role of Specific Feedback Energy
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coupled outflows
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coupled
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coupled
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How does €g,
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compare with €,cc?
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How does g, compare with €,cc?
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Diversity in the Simulated CGM
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How does g, compare with €,c.?
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Bound PDomains
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A bound domain is a collection of matter in a

A CDM universe that remains gravitationally
bound into the distant future
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Bound Domain Evolution
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Bound Domain Evolution
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Conference Themes — Revisited

¢ Small to large scales - Equilibrium hinges on small/large connections
e Hotgasto cold gas — Assess total specific energy: €4 + €th + Enon-th
 Galactic to intergalactic scales —» Adopt full baryon accounting

o Diffuse to dense structures — What are the equilibration timescales?

e Past feedback processes to present-day observations —» Bound domains!
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