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The Ly-o. forest as a cosmological probe
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Baryons as a source of systematics for cosmological probes
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Baryons as a source of systematics for the Ly-a forest
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The Ly-a scale is highly sensitive to baryonic effects
Target data precision < 1%

No consensus from hydro simulations
Key issue : feedback modelling (mostly AGN feedback, stellar/supernovae seems less crucial)
=> Where is the « true » AGN feedback effect ?



Baryons as a source of systematics for the Ly-a forest

Impact of AGN feedback on PLya : suppression of power ?

Temperature-density distribution
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Bracketing AGN feedback effects

- Series of « Horizon-AGN-like » simulations. (Dubois+2016)

- Varying AGN feedback parameters to cover the whole plausible range

Variation of feeding and feedback parameters

The mean fraction of gas in galaxies

» chosen to span the observable uncertainties of galaxy properties

The Maggorian relation Mgy — M.
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Clumy accretion onto SMBHs
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Bracketing AGN feedback effects

- Series of « Horizon-AGN-like » simulations. (Dubois+2016)

- Varying AGN feedback parameters to cover the whole plausible range
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Bracketing AGN feedback effects
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Bracketing AGN feedback effects

- Series of « Horizon-AGN-like » simulations. (Dubois+2016)

- Varying AGN feedback parameters to cover the whole plausible range

Chabanier, Bournaud, Dubois et al. 2020



Bracketing AGN feedback effects
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Bracketing AGN feedback effects

Impact of AGN feedback on Py g,
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* AGN « correction » > eBOSS/DESI data accuracy (~1%)

* Similar work done for SN feedback : marginal effects
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eBOSS Ly-a forest analysis with baryonic (AGN) effects

AGN feedback bias
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eBOSS Ly-a forest analysis with baryonic (AGN) effects

Sum of neutrino masses
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* Lya alone: power suppression + z-dependence =——p Z m,<0.58 eV @95% CL
== factor 2 improvement compared to BOSS
but large degeneracy og — 2 m,

* Lya + CMB: sensitive to amplitude suppression = Z m,<0.105eV @95% CL

- Combination breaks degeneracy and significantly tightens the constraint
* Lya + CMB + BAO + lensing: —» Z m, < 0.089 eV @ 95% CL
- Among the strongest constraints to date
marginal tensions on the inverted neutrino mass hierarchy (Z My, min = 0.095 eV)

Chabanier + 2020, Palanque-Delabrouille + 2021



Resolving inter-galactic gas in cosmological simulations

Extreme-Horizon z ~ 3

Extreme-Horizon vs. Horizon-AGN

100 kpc

- Resolution in/near galaxies unchanged

- Improved in the IGM (x2-x4)

Horizon-AGN z~3
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Minimal resolution HAGN Minimal resolution EH
comoving grid resolution [kpc/h] | 97.6 488 244 122 6.1 3.05 1.52 0.76
physical grid resolution [kpc] 47 235 11.7 5.8 2.9 1.5 0.7 0.3

volume fraction (EH) ((z=2) - 45% 43% 10% 1% 0.04% g<2Z 7=
volume fraction (HAGN) (z=2) | 77% 19% 2% 02% 001% 6x10%*% z<2 z<2
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Resolving inter-galactic gas in cosmological simulations

Same box, Horizon-AGN resolution
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Resolving inter-galactic gas in cosmological simulations

Resolution effects on Py i,
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Large effects, especially at small scales
— PLva are not converged in absolute

Differences well below the percent level
—— AGN feedback corrections are converged
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Compact galaxy formation at high redshift

Extreme-Horizon z ~ 3

Chabanier at al. 2020b

Horizon-AGN z~3

Better resolution of cold-gas
accretion onto galaxies

v

EH forms earlier low-mass
galaxies

N  — e ]

104 1073 1072 10°
Gas density (cm3)

Compact galaxies: loss of angular momentum

Ultra-compact galaxies: repeated major mergers of low-mass progenitors

Chabanier, Bournaud, Dubois et al. 2020b



Compact galaxy formation at high redshift

- Galaxies at z=1-3 are about twice more compact (at fiwed stellar or halo mass)
than present-day galaxies, in their stellar component (not in gas)

- A population of ultra-compact outliers (R /,~1kpc for the MW mass) exists and
comprises 5-10% of massive galaxies (<0.5% at z=0)

- Holds for star-forming, starbursting, and quenched galaxies
(« red nuggets », « blue nuggets »...)
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Compact galaxy formation at high redshift

Stellar mass surface density of a
sample of massive galaxies

Extreme-Horizon Horizon-AGN
Size - Mass relation of massive galaxles .
8
- . '
7 . .
6+ . e R e
l? . LN T My e . ‘ .
g5 .
= T 3 e Observations .
(24 4- P (star-forming galaxies)
27 e UC = ultra-compact b Sl
3; ¢ .
bl ® HAGN .
N .y .
2_ L 2 L] = . EH
5 10 15 20 25 30 .
M.[107"M¢] Chabanler at al. 2020b ’ :
. ..
At z = 2 in the Extreme-Horizon simulation: L ]
10kpc i
1) More compact massive galaxies .
2) Population of ultra-compact galaxies ” . |
3 30 300 3000

Stellar mass surface density (Mo pc?)

Chabanier, Bournaud, Dubois et al. 2020b



Compact galaxy formation at high redshift

Extreme-Horizon z ~ 3

Chabanier at al. 2020b

Horizon-AGN z~3

Better resolution of cold-gas
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Compact galaxy formation at high redshift
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Cosmological probes are affected by baryonic physics (cooling, feedback, etc)
Systematics can be controlled owing to hydro simulations — exemplified here for Lya
Galaxy formation / large scale structure strongly depend on low-density regions/IGM
Sub-grid baryonic physics can apparently be decently controlled

Caveats :
- No absolute convergence of
hydro simulations.

- Simulation boxes are

(much) too small for full variance,
densest and empties regions...

or dark matter only.

- Remains very expensive if one
wants to probe the sub-grid
calibration effects (IA...?)




