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The ISM across cosmic times
and how to disentangle its complexity
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Key questions

1. What are the differences between the ISM properties in local vs. high-z galaxies?
2. What are the implications for the star formation across cosmic times?
3. What is the effect of feedback (from AGN/star formation) on the ISM?
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The B\ HERIpl¥d environment as traced by AR s BAVYEY)
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Zooming in on the [\ Ne R lehil g F=L1EPIEES

Zoom-in cosmological simulations

Pallottini+17,19,22
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Zoom-in cosmological simulations
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Open why such a high [OII1]/[CII] ratios?

The [OIlll]/[ClI] ratios are higher than the average value reported for local star forming galaxies

Harikane+20, Arata+20
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Open why such a high [OII1]/[CII] ratios?

The [OIlll]/[ClI] ratios are higher than the average value reported for local star forming galaxies
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The [ClI] size is overall 2-3 times larger than the [Olll] one,
this might influence the LjoyyLicijratio if we miss the [Cll] extended component
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Open why such a low [ClI] surface brightness?

The surface brightness of [ClI] in high-z galaxies is systematically lower than
what is observed in local galaxies with comparable SFR surface brightness
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[O111] vs [ClI ] a FeEEEINAEI R EAWf rom simulations

® For o y/Zjcy different extension of the emitting regions are explicitly accounted for

®  XomyZjcny ratios, and the X, are more closely related to the local ISM conditions

Pallottini+19, Vallini+21

Resolution of the simulation ~10 pc




[O111] vs [ClI ] a FeEEEINAEI R EAWf rom simulations

® For o y/Zjcy different extension of the emitting regions are explicitly accounted for

®  XomyZjcny ratios, and the X, are more closely related to the local ISM conditions

Pallottini+19, Vallini+21

UV map [Olll] map [ClI]map

Considering the beam smearing
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[O111] vs [ClI ] a FeEEEINAEI R EAWf rom simulations
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EINiaf line emissionfdeReatyISM properties

Zrcui(ks,n, Z) Ferrara, LV+19
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EINiaf line emissionfdeReatyISM properties

Zrany(ks, n, Z) Ferrara, LV+19 k. ="burstiness” parameter describing the deviation from the
Kennicutt-Schimidt law
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Zron(ks, n, Z) Vallini+21



EINiaf line emissionfdeReatyISM properties
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EINiaf line emissionfdeReatyISM properties

Zrenj(ks, n, Z) Ferrara, LV+19 Z = gas metallicity

2 cihigoga(ks, N, Z) Vallini+20

Zron(ks, Z) Vallini+21



EINiaf line emissionfdeReatyISM properties
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The effect of deviations from the = allldtiaesYedalanileid gl Eidle)a
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The effect of deviations from the = allldtiaesYedalanileid gl Eidle)a
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The effect of [z Ne[=1H]13Y
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Three observables Three parameters
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Three observables Three parameters
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The code (GLA/V!! Galaxy Line Analyzer with MCMC) and Jupyter notebooks for running on any galaxy of interest
is released at: https://lvallini.github.io/MCMC galaxyline analyzer/



https://lvallini.github.io/MCMC_galaxyline_analyzer/

Disentangling the S\ K<elap]s) (5414
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We find k, ~10-100: [Oll1]-[CII] emitters in the EoR are starburst galaxies with upwards deviation from the KS

This corresponds to short depletion times: tg., =6 - 49 Myr




Direct measure of the[$gEldlelsl:idlf=is 57
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The depletion time can be directly measured if we derive X, from the CO ermission:t <2.5-550 Miyr

This corresponds to short depletion times: tg., =6 - 49 Myr
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Esposito, LV+22
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Esposito, LV+22
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Does the [{=Ealalldiiaestdslnilcidg= Eldlelplevolve?

Esposito, LV+22
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Modelling the

CO spectral line energy distribution

Rosenberg+15
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Modelling the [€oXS @ =1dle]y

GMC distribution
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Modelling the [€oXS @ =1dle]y

Vallini+19
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Key questions

1. What are the differences between the ISM properties in local vs. high-z galaxies?
2. What are the implications for the star formation across cosmic times?
3. What is the effect of feedback (from AGN/star formation) on the ISM?



A few answers

1. What are the differences between the ISM properties in local vs. high-z galaxies?



A few answers

1. What are the differences between the ISM properties in local vs. high-z galaxies?
2. What are the implications for the star formation across cosmic times?

Some hints of a possible evolution of the Kennicutt-Schmidt relation.
Galaxies are overall more bursty, thus [Olll]/[ClI] ratios are higher



A few answers

1. What are the differences between the ISM properties in local vs. high-z galaxies?
2. What are the implications for the star formation across cosmic times?

3. What is the effect of feedback (from AGN/star formation) on the ISM?

Possible effect of AGN in the excitation of CO needs to be further addressed
if we want to trace directly the KS relation from the mid-J CO line emission



Thank you
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