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Galaxy formation - the story so far

Feedback from this star formation launches outflows
Outflows characterised by mass and energy loadings

ηE = ·Eout/
·E⋆

ηM = ·Mout/
·M⋆



In (most) models these 
loadings are tuned so 
result reproduces 
observables (e.g. stellar 
mass function). 

They often have quite 
high mass and energy 
loadings , , 
especially at low masses 

Ejective feedback

ηM > 1 ηE > 1
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Hints from idealised 
models and observations 
point to a hot, diffuse 
phase without much mass 
being important (e.g. Kim 
et al. 2020, Carr et al. 
2023, Voit et al. 2024a,b). 

Hot winds heat and 
deplete the CGM, halting 
further inflow. 

Preventative feedback
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Auriga ARKENSTONEGrand et al. 2017

ηE = 0.9, ηM = 0.3



Preventative Feedback
Cosmological zoom of  halo 

ARKENSTONE ( ) switched on at  
Inflowing and outflowing mass fluxes plummet

1012 M⊙

ηE = 0.3, ηM = 0.3 z = 1

♻
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Cosmological Box - TNG
log ßgas [MØ kpc°2]

25 Mpc/h box 
2 x 5123 particles 

 = 2 x 106 mgas M⊙
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Cosmological Box - ηE ∝ M−1/3
h , ηM = 0.3

log ßgas [MØ kpc°2]

25 Mpc/h box 
2 x 5123 particles 

 = 2 x 106 mgas M⊙
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Cosmological Box -
log ßgas,Arkenstone/ßgas,TNG

ηE ∝ M−1/3
h , ηM = 0.3

25 Mpc/h box 
2 x 5123 particles 

 = 2 x 106  

Gas is redistributed to 
large radii. 
IGM is heated. 
Potentially relevant 
for observables from 
FRBs to Ly  forest to 
SZ effect.

mgas M⊙

α

Bennett et al. 2024
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Energy loading as king
The   stellar to halo mass relation - 25 Mpc/h boxz = 0

TNG Model: Weinberger et al. 2017; Pillepich et al. 2018  — but without B fields 
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How is star formation regulated?
ARKENSTONE depletes the CGM (here at )z = 2
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Inflowing (and 
outflowing) mass 
fluxes are reduced. 
Clear signatures of 
prevention at .z = 2

Bennett et al. 2024
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Galaxy sizes
Galaxy stellar size seems 
to have a dependence on 
the energy loading. 

All Arkenstone runs have 
smaller low-mass galaxies 
than TNG.

Bennett et al. 2024
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And in with the w…ηE

Out with the (c)old (but not literally)

ARKENSTONE: 

Smith et al. 2024a,b 

Bennett et al. 2024b 

High specific energy 
winds can regulate 
via preventative 
feedback. 
We have explored this 
for the first time in 
cosmological 
simulations. 
The content of the 
CGM is key, but many 
interesting secondary 
properties!



“But what about metals?”
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