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Stellar and AGN Feedback in Galaxy Formation
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Does AGN feedback start to operate
in Milky-Way-like L+ galaxies?

GN Does stellar and AGN feedback “collaborate” with each other?
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Type la Supernova Feedback in the nearby quiescent galaxy M104 5

Supernova Feedback in M104, the Sombrero Galaxy E§ £ &
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Hot subsonic gaseous outflows due to feedback
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Quasar Mode and Jet Mode AGN Feedback

~ quasar mode
(radiative mode)

o Multi-phase quasar outflows (v ~ 1000 km/s; Fabian 2012; Harrison et al 2018)

o No well-established correlation with star formation (even positive feedback in some systems)
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o Major evidence for negative AGN feedback, seen in galaxy clusters and groups

o What about lower-mass systems, e.g., L+ galaxies? Does AGN feedback start to operate in them?




Jet-mode AGN Feedback in X-ray Galaxy Clusters

Radio lobes, X-ray cavities, weak shocks, sound waves ...
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Jet-mode AGN feedback in Galaxy Clusters

(Guo et al 2018, MNRAS; Duan & Guo 2018 & 2020, ApJ; Guo 2020 ApJ; Duan & Guo 2023)

Inner 200kpc
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Jet Simulation in Galaxy Clusters

Guo et al 2018

® black hole — ICM flows trailing outflows
= AGN jet . X-ray cavity —— bow shock
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cooling flow and AGN feedback trailing outflows
cool core contraction and cool core expansion and cool core circulation

cooling flow and
cool core contraction



wake flow in AGN feedback: metal-rich outflows and cold filaments
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Fermi Bubbles

Fermi bubbles rhay be the key to study jet mode AGN feedback in L+ galaxies




GIANT GAMMA-RAY BUBBLES FROM FERMI-LAT: ACTIVE GALACTIC NUCLEUS
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The Origin of the Fermi Bubbles

Galactic Feedback

Fermi bubbles, Milky Way Feedback?

Radio Galaxy 3€296
- VLA 20cm image
Bai® & Copyright (c) NRAO/AUT 1999

Stellar Feedback; M82 AGN Feedback; Radio Galaxy
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The origin of the Fermi bubbles

e Galactic winds from the Galactic Center? (Crocker & Aharonian 2011; etc)
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Active Galactic Nucleus (AGN)

Bipolar Jets

Fermi Bubbles
e GUY & Mathews 2012; Guo + 2012, ApJ; Guo 2017

other AGN models: Quasar outflow model, hot accretion flow - outflow model 15



Prediction: Forward Shock in the CGM

thermal gas density distribution

t = 0.00 Myr
15 [T LIS S S B s s By N B S B e B By B B LI e s —-1.50
—-2.40

=60

-4.20

-5.10

—6.00

produce a forward shock and expansion of the inner gaseous halo

Guo & Mathews, ApJ, 2012a, 2012b



eROSITA bubbles: shocked CGM bubbles of the Fermi bubble event?

nature
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Where is the forward shock? EUR1EMHFE?
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Ig ne (cm=3), t=1.0 Myr
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The Evolution of Fermi bubbles

The energetics and age of the bubbles are constrained very well by
the bubble morphology and the gas temperature within the bubbles!

ergstcm~2Sr!
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Figure 9. Synthetic X-ray (0.7-2 keV) surface brightness
map in Galactic coordinates with a Hammer-Aitoff projec-
tion for run A at t = 5 Myr. The dots represent the edge of
the observed Fermi bubbles.

Zhang & Guo, 2020




Properties of the Fermi bubbles in Our Model

single-jet Power:3 42 x 104! erg s

Jet duration: 1 Myr
Current Fermi bubble age: 5 Myr

Total injected energy ~ 2 « 1()55 erg

Eddington ratio: ~ 0.001, hot accretion mode

Sgr A* accretion rate ~ 0.0001 solar mass/yr



Consistent with Other Observations

Miller et al.(2016) found the bubble temperature is kT~0.40 keV, gas density ~0.001 cm-3

Bordoloi et al.(2017) found the bubble age is 5-9 Myr from UV absorption line studies of HVCs
towards the bubbles.

Sgr A= is orbited by over a hundred massive stars with ages ~ 62 Myr
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Fermi Bubbles: Forward shock + (unseen) inner lobes

Ig ne (cm™3), t=5.0 Myr
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Jet-mode AGN Feedback: galaxy clusters vs. L- galaxies

Jet mode AGN feedback in galaxy clusters:
prominent radio lobes + weak shocks

Jet mode AGN feedback in L galaxies:
(Weak or strong) inner ejecta bubbles + prominent shocked bubbles

23



A Comprehensive Picture of Jet-mode AGN Feedback
galaxy clusters vs. L- galaxies

Jet mode AGN feedback in galaxy clusters:
prominent radio lobes + weak shocks

Jet mode AGN feedback in L galaxies:
(Weak or strong) inner ejecta bubbles
+ prominent shocked bubbles
(kpc-scale radio structures commonly found in local Seyfert galaxies)

Next: How do Fermi-bubble-like events affect the evolution of L+ galaxies?




