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What is a starburst galaxy?

FIREbox

Larger molecular gas reservoir (e.g. Combes et al. 1994; 
Casasola et al. 2004; Scoville et al. 2016, 2017; Tacconi et al. 2018) 

Increased efficiency in converting gas into stars (e.g. Sofue et 
al. 1993; Solomon & Sage 1988; Sargent et al. 2014; Michiyama et al. 
2016; Silverman et al. 2015, 2018; Feldmann 2020)  

Caused by interactions (e.g. Genzel et al. 2010; Ellison et al. 
2013; Renaud et al. 2014; Hopkins et al. 2018; Moreno et al. 2019; 
Renaud et al. 2019; Pan et al. 2018; Segovia Otero et al. 2022) 

Not caused by mergers (e.g Di Matteo et al. 2008, 2009; 2009; 
Sparre & Springel 2016; Violino et al. 2018; Wilkinson et al. 2018)

Highly star-forming outliers to the star-forming main sequence

What is causing them?



Cubic (non-zoom) cosmological volume, high-resolution 
simulation with periodic boundary conditions. 

Part of the FIRE project (Hopkins et al. 2014, 2018), with FIRE-2 
physics model, accounting for gas cooling and heating, star 
formation, and stellar feedback (AGN feedback is not 
included).

Star-formation prescription:
dense, Jeans-unstable, self-shielded, gas with 100% 
efficiency per free-fall time

Credit: Lichen Liang









V = (22 cMpc)3

mb = 6.26 × 104 M⊙
εgas,min = 1.5 pc

ϵ⋆ = 12 pc

ρSFR = ρH2
/tff

nH, SF = 300 cm−3

The FIREbox simulation  (Feldmann et al., 2022)



Starburst and control sample

SB : 

SFMS : 

    

  
lg M⋆/M⊙ ≥ 8
z = 0 − 1

FIREbox



Starburst and control sample
SFMS : 

FIREbox

    

  
lg M⋆/M⊙ ≥ 8
z = 0 − 1

control sample of mass- and redshift-
matched non-starbursting galaxies 

SB : 



Starburst vs control sample
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What happens to the fraction of dense, star-forming gas?

Galaxies evolve from the control sequence to the 
SB sequence by increasing their  (by ~ 0.2 dex) 
and  (by ~ 0.6 dex) in the ~ 60 Myr before the SB 

The increase in  is more significant in more 
massive galaxies 

Reverse path in the ~ 60 Myr after the SB 

fSF
fH2

fSF



Gas compaction drives the increase in the dense gas fraction

Galaxies evolve from the control sequence to the 
SB sequence by increasing the mass within 1 kpc 
at constant  (with no significant inflows) in the 
~ 60 Myr before the SB 

Reverse path in the ~ 60 Myr after the SB 

Mgas

Features: gas masses (different phases), stellar masses, 
angular momenta, and velocity dispersions, within 0.1  and 
fixed apertures of 1, 3, 5, and 10 kpc

Random forest classifier:
best predictor for SB vs ctrl is the mass in the central 1 kpc

Rvir



Main SB-driving channel at high masses 

Increased importance at low redshifts 

Preferentially selected by longer  

Significant fraction of non-interacting SBs, especially at low masses

Δtavg

The role of interactions



You too can become a starburst : will control galaxies undergo a SB?

Random forest classifier :
best predictor for will/will not have a SB in the 
next Gyr is a combination of specific angular 
momentum and total neutral hydrogen mass

Steep increase in the fraction of 
galaxies that will SB ~ orthogonal 
to the 1:1 line



Similar (but opposite) behaviour 
for how soon galaxies will SB

You too can become a starburst : will control galaxies undergo a SB?



Toomre (1964) parameter        Q =
csκ

πGΣ
∼

Jσ
M2

You too can become a starburst : will control galaxies undergo a SB?



Only unstable, non-gas poor galaxies are 
eligible to undergo a SB 

The more unstable, the sooner it will SB


gas-poor galaxies are unlikely to become a SB

You too can become a starburst : will control galaxies undergo a SB?



Summary : what drives a starburst?

Gravitationally 
unstable

Enough gas 
to support 

extreme SFR
Gas compaction

Shorter depletion time
+

Interactions in 
massive systems

Non-interacting

More star-forming gas

Thank you!


