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An intricate medium !
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Star formation and feedback are unresolved in 
galaxy simulations, we need subgrid models !



Mstar- Mhalo relation for calibration
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Simulations with
- different physics
- different subgrid models
- different resolutions

YET
 the same stellar mass ?

Hopkins et al. 2014



Mstar- Mhalo relation for calibration

5

Simulations with
- different physics
- different subgrid models
- different resolutions

YET
 the same stellar mass ?

Different mass loading factor.

  Can we constrain them 
through the CGM ?

Mitchell et al. 2020

HUGE DISPERSION



Strategy
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● Same galaxy
○ Same code
○ Same initial conditions
○ Same refinement scheme

● Different subgrid models for
○ Star formation
○ Feedback

● Calibration on Mstar
 
● Try to distinguish them through their CGM.

● RHD (3 bins) 
● Non-equilibrium chemistry



The different models
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Kimm et al. 2015 
+ Andersson et al. 2020
same + runaway stars 
(uniform kick < 50 km s⁻¹)

➣ 

Kimm et al. 2015

Neighbouring cells

➣  Local turbulence approximation for star formation.

➣ 

Kretschmer et Teyssier 2020

Euler conservation equations

Eth  & Δx <

➣  Subgrid turbulence model for star formation.

➣ 
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Tests of the models on idealised simulations

Mhalo = 10¹¹     M
⊙

Mstar = 109.55    M
⊙

Rvir    = 89 kpc

Different parameters were tested and the simulations calibrated in stellar mass.

Mhalo = 1010     M
⊙

Mstar = 108.55    M
⊙

Rvir    = 41 kpc

m*,min, resolution



Cosmological zoom-in simulation
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Box size       30 cMpc/h 
mDM              105.55 M

⊙

Mhalo             1011.6 M
⊙

Mstar             1010.5 M
⊙

R200              103 kpc at z = 1

Zoom           1 Rvir 
Res.             330 kpc to 20 pc 

z ~ 3.7



Zoom-in simulation
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The stellar mass is too high 
compared to the Mstar-Mhalo relation 
(possibly due to the lack of  AGN ?) 
but the three models are still well 
converged ✓.



What about the CGM ?
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The flow of mass through the CGM is very similar for the three models.

Dark matter

What about its gas content ? 
How does it compares to observational constraints ?



Temperature split and ionic species
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Post processing of the 
simulations made with KROME 
to compute the ionic fractions .Cold gas 

T < 104.25

HI

Cold gas 
T < 104.25

MgII

OVI

Hot gas 
105.05 < T

CIV

Warm gas

    104.25 < T < 105.05

see Mauerhofer et al. 2021



Radial column density: cold tracers
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HI
Very good agreement 

at all scales

Cold gas 
T < 104.25

● The simulations remotely match the observations.
● The models are very similar -> the gas content is similar.

Stack over 100 snapshots 
z = 1.3 to z = 1.0 (~ 1 Gyr) MgII

Very good 
agreement

2-3 dex difference
-> bias due to detection threshold  ?

MgII

Very good 
agreement

2-3 dex difference
due to detection bias ?



Radial column density: warm and hot tracers
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Stack over 100 snapshots 
z = 1.3 to z = 1.0 (~ 1 Gyr)

1 dex difference

Hot gas 
 T > 105.05

OVI

CIV

1 dex difference

Warm gas

    104.25 < T < 105.05

● 1 dex difference with observation for warm and hot gas.
● The models are very similar -> the gas content is similar.

These models can’t be 
distinguished through the CGM
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The models match in stellar mass, outflows, radial column 
density profiles, gas content but… 

  … differences still arise !



1st difference: the star formation history
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- Kretschmer’s model indeed has an impact on how stars are formed but it does not show in the CGM.
- Runaway stars do not have much impact on the density of the cells were stars go supernovae.



Kimm et al. 2015 Kretschmer & Teyssier 2020 Kimm + runaway stars

2nd difference: the morphology
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Morphology: origin in additive accretion ?
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mass-weighted cold gas 
angular momentum

The extended disc does not seem to be caused by 
the constructive or destructive accretion of gas.

1 Rvir 0.1 Rvir

z = 1.0

1 Rvir

Kretschmer et al. 2020

0.1 Rvir

z = 1.1

z = 1.0



Summary and future work.
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The differences in the models...

○ The turbulence consideration in star formation
○ The implementation of the momentum feedback in the 

surrounding cells or in the Euler equations
○ Runaway stars 

...could not be discriminated through the CGM flows or content.

YET disparities are found following the different models.

Schroetter et al. 2019

VSA new 
constraint ?


