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Star formation on global scales

1.0<2<1.5

log(SFR) [Mg yr™']

“star-forming main sequence”
oms = 0.2-0.4 dex

log(SFR) [Mg yr™']

Whitaker + 2012,2014;
11 see also Brinchmann+ 04; Noeske+ 07ab;
Daddi+ 07; Elbaz+07; Speagle+14;
log(M) |M ' ' '
9(M) [Mo] Schreiber+ 15; Panella+ 15; ...
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Spatially resolving galaxiess

Relative change of gas-to-SFR flux ratio |
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qoday's (z=0) galaxies:
galaxies can be resolved to the molecular
cloud level with HST, VLT & ALMA
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| Focus on molecular gas peaks

Focus on ionised gas peaks
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Inefficient star formation due to short-lived
molecular clouds and rapid feedback
dKruijssen+ 2019)
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challenge:
- sample size

- spatial resolution
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HST/NIC2 simulation z=2
Heo 4 orbits

® PSF 0.145"

EELT/MICADO simulation 2=2
K, 4h + 3-pix smoothing

PSF 0.014"

o
(8kpe)

June 23, 2021

Sandro Tacchella




Variability of star formation

Star formation is regulated on multiple spatial and temporal scales!

cosmological accretion stellar feedback
black hole feedback »ar and spiral physics

mergers cloud physics

re-accretion of outflows

- . —— 1
i - T 4
., £ T /
al e I “,‘,-‘ N 7 \ ] &
’ A=A 1™ ‘ ‘ ||. '.;I_,. - A

star-forming regions (~pc)

time

June 23, 2021 Sandro Tacchella



. o . Caplar & Tacchella (2019)
Va 'la b | I |ty Of Sta I fO 'Mm at |ON Tacchella?lgoariaes zcga[fla? (2020)

Matthee & Schaye (2019)
- Abramson+ (2015)

?

Ams [dex]
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How do galaxies evolve about the star-forming main sequence?
Is oms set by oscillation on short (< th) or long (= th) timescales?
- important for the physics of star formation

- important for the the interpretation of scaling relations
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Caplar & Tacchella (2019)

Variability of star formation Tacchella, Forbes & Caplar (2020)
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Caplar & Tacchella (2019): idea from AGN light curve modeling
-» look at the power spectrum density of the star-formation history!

AdSFR (1t ] N . . . . . .
( ) . SFR(t) _ (D(t) inflow rate is described as a stochastic processes (with a certain PSD)

At Teq =» stochastic differential equation

regulator model (e.g., Lilly+ 2013)
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Tacchella, Forbes & Caplar (2020)

Regulator model: power spectral density

dSFR(?) + 1 SFR(?) = O(1) =» PSD(f) = with o,  Var(®)
dt Teq
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Tacchella, Forbes & Caplar (2020)

Power spectral density (PSD)

e full model (“extended regulator model)
-» GMCs sustain star formation
=>» source of SF variability:
- inflow rate
- GMC sampling
* breaks correspond interesting
timescale of the galaxy:
- average lifetime of GMCs
- equilibrium timescale (=tgep/A)
- decorrelation timescale in accretion

N

Var(®P)

l0og power spectrum density
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Landscape of numerical simulations

Simulation Volume [ cMpc? |
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PSD of different numerical models

large diversity in PSD shape and normalization...
interesting parameter space!

Different implementation of feedback and star

formation lead to different variability of star formation!
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First attempt to constrain the PSD observationally

“No one trusts a model except the person who wrote it; @=1.0, Tose=10 Myr  Toreax = 1000 Myr
everyone trusts an observation, except the person who |
made it." — Harlow Shapley x
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Modeling star-formation histories with a power spectrum
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SFMS distribution seen by different SFR indicators
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Caplar & Tacchella (2019)

Current constraints on the PSD

for MW-mass galaxies: Observational data:

GAMA survey; z<0.1; 9000 galaxies

4.0 — |_ .
0u/OHa - -+ Davies et al. 2019 measured the MS scatter for

35 Ouv + 1R/ Ohe | different indicators:
Ou/Oyv + IR Threak — 32()1’%38 Myr

3.0
see also Wang & Lilly 2020: « = 1 —2 // \

more work ahead to measure PSD: ' .

S 25

- select galaxies with the same PSD (i.e. control for galaxy

2.0 // // /// % ‘ properties such as environment, stellar mass, etc.)
O ' 4 - break degeneracy between IMF, Z, attenuation, etc.

=>» couple SED modelling with PSD measurement
via Bayesian hierarchical model

1.5

1.50 1.75 2.00 2.25 250 2.75 3.00
Iog Tpreak [Myr]

L.P.OO 1.25
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Conclusions

» Star formation involves a variety of processes acting from small/short to large/long timescales
-» Power Spectrum Density (PSD) is a powerful way to quantify the star-formation variability and
test different model of galaxy formation and evolution

» Breaks of the PSD correspond interesting timescales of galaxies:

— average lifetime of GMCs
— equilibrium timescale (=tgep/A)
— decorrelation timescale in accretion

-» resolve galaxies temporally to learn about the internal workings (Tacchella+ 20)
» Theoretical models (numerical, SAMs) make a wide range of predictions for the PSD (lyer, Tacchella+ 20)
» Observations of z~0: star-formation histories decorrelate on ~300 Myr (Caplar & Tacchella 19)

» Current on-going work:
— self-consistently predict H-alpha emission from simulations (how well does H-alpha trace the SFR?)
— build an “SED-fitting” framework to break dust-Z-PSD degeneracy (first hierarchical mode, later beyond)

» much science ahead with ATLAS:

— extend this approach beyond z>3 => measure PSD as a function of redshift
— large number of galaxies are crucial (split galaxies in sub-groups with the same PSD, use ergodicity to constrain PSD)
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