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Motivation: Contrary to the standard lore, there is mounting observational evidence that feedback from active galactic nuclei (AGN) may also play a role at the low-
mass end of the galaxy population. We have explored this possibility using both isolated and cosmological simulations of dwarf galaxies. In the isolated set-up, outflows 
are notably enhanced by the AGN to much higher velocities and temperatures, whilst there is no significant effect on star formation. Using the cosmological simulation 
suite FABLE, we have investigated whether the clear effect by AGN on outflows could lead to indirect star formation regulation in dwarfs within a cosmological setting. 

(II) Cosmological Simulations – Outflows:

Conclusions:
- Overmassive black holes in simulated dwarfs drive hotter and faster outflows leading to a reduced gas reservoir and can suppress star formation in early Universe
- Lack of high-luminosity X-ray AGN at low redshifts highlights possibility that SN feedback could be too strong in FABLE’s dwarfs curtailing AGN growth & feedback
- Next step: Use zoom-in simulations to study whether more realistic SN feedback would increase AGN activity and allow for AGN quenching at low redshifts, too 

(III) Cosmological Simulations – AGN Fractions:

(I) Isolated Simulations:
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black holes
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- High-resolution simulations using 
the moving-mesh code AREPO 
(Springel, 2010)
- Disc galaxies with M*~ 2 x 109 M⊙
and active black hole (MBH = 105 M⊙)
- Crucial effect on outflows:
higher velocities and temperatures
- No significant effect on star formation (despite high 
accretion rate) à AGN feedback most likely indirect effect
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- for intermediate redshifts good
agreement with observational data
- Prediction: for high redshifts, AGN 
fraction should rise significantly
à observable with Athena, LYNX

- Observations can constrain AGN fraction in dwarfs for 
complete X-ray luminosity bins
- Local dwarfs with high-luminosity 
AGN absent from FABLE 
à suppression of black hole growth
by strong supernova (SN) feedback

- Markers show distribution of low-mass 
galaxies (109 M⊙ < M* < 1010.5 M⊙) with 
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≥ 0.1 % in FABLE (Henden+18)
at redshift z = 0

- Marker colour coding indicates 
outflow rate at virial radius
- Zoomed insets show outflow 
velocity structures of three 
example galaxies at virial radius: 
large-scale outflows across 
whole stellar mass range 

For overmassive black holes at fixed 
gas mass at z = 0 :
- Higher mass outflow rates
- Higher outflow velocities
- Higher outflow temperatures
- Reduced gas mass fractions
Similar results at higher redshifts.
Note: in early Universe, dwarfs with 
overmassive black holes also have 
suppressed star formation rates.

References: Springel, 2010, MNRAS, 401, 791 • Henden+2018 , MNRAS, 479, 5385 • 
Koudmani+2019, MNRAS, 484, 2047 • Koudmani+2020, preprint (arXiv:2007.10342)

https://arxiv.org/abs/1812.04629
https://arxiv.org/abs/2007.10342

