
⚫ Role of starbursts in quenching
⚫ Classical (simple) scenario: mergers → starburst → gas compaction 

(observed as blue nuggets) → gas exhaustion → quenching (red nuggets).
⚫ Starburst (SB) and star-forming main sequence (SFMS)
⚫ Most star-forming galaxies stay on the SFMS.
⚫ Recent ALMA observations identified MS galaxies with shorter gas 

depletion time (𝜏𝑑𝑒𝑝). 

→ Apparently peculiar (hybrid) population = Starburst in the MS (SBMS)
⚫ This work focuses on SBMS using NEWHORIZON simulation.
⚫ Minimum spatial resolution ~ 34 pc, mass resolution ~ 106 𝑀⊙

⚫ Snapshots between z=6 and 0 w/ Δ𝑡 ∼ 10 − 15 𝑀𝑦𝑟
⚫ SBMS definition (at each z): located in SFMS but with quite short 𝜏𝑑𝑒𝑝. 

⚫ Comparison sample “Analogues”: similar 𝑀∗ & 𝑆𝐹𝑅 but longer 𝜏𝑑𝑒𝑝.
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Diversity of evolutionary paths of starburst galaxies in 𝑀∗-SFR-𝜏𝑑𝑒𝑝 space 
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Other SBMS characteristics:
• SBMS exists commonly (~5%) across all redshifts (0—6).  → possibly a universal population.
• SBMS has experienced more (x 1.5 at z~3) major mergers than others in the past.

• Consistently, SBMS tends to be massive (>1e9) and shows lower 𝑓𝑔𝑎𝑠 due to large 𝑀∗.

• SBMS is more compact in both stellar distribution and SF region than others. → possibly due 
to frequent mergers and/or angular momentum loss.
• Such compaction enhances SFR, while 𝜏𝑑𝑒𝑝 does not change significantly (possibly because 

gas inflow increases 𝑀𝑔𝑎𝑠)

• SBMS has shorter 𝜏𝑑𝑒𝑝 than MS (by definition), while 1.4 times longer than SB (Fig.3).

→ possibly due to feedback (redistribution of gas; “dilation”).
• SBMS stage is short-lived (~30 Myr) → impossible to exhaust gas during this stage.
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Comparison of SBMS w/ MS at the same 𝑀∗ and SFR (i.e., Analogues):
• MS: steady SFR w/ high 𝑓𝑔𝑎𝑠

• SBMS: sustain the same level of SFR w/ low 𝑓𝑔𝑎𝑠 but w/ high efficiency (short 𝜏𝑑𝑒𝑝)
Possible pathways to become SBMS:
• Dense regions:

• Early mass assembly driven by frequent mergers
• 𝑀∗ increase & 𝑀𝑔𝑎𝑠 decrease → 𝒇𝒈𝒂𝒔 decrease.

• keep located within main sequence → requires short 𝝉𝒅𝒆𝒑.

• Additional merger event triggers SBMS.
• Field regions:

• Steady long-term growth while maintaining high 𝑓𝑔𝑎𝑠

• Gas consumption w/ less gas inflow → 𝒇𝒈𝒂𝒔 decrease.

• keep located within main sequence → requires short 𝝉𝒅𝒆𝒑.

• Internal stochastic fluctuation in SF triggers SBMS.

𝜏𝑑𝑒𝑝 = 𝑀𝑔𝑎𝑠  / 𝑆𝐹𝑅

𝑓𝑔𝑎𝑠 = 𝑀𝑔𝑎𝑠 / (𝑀𝑔𝑎𝑠 + 𝑀∗)

Key features:
1. Massive
2. Low 𝑓𝑔𝑎𝑠

3. Short 𝜏𝑑𝑒𝑝

MS SB Analogues SBMS

log(𝑀∗) 7.5 – 8.5 7.0 – 8.0 9.0 – 9.5 9.0 – 9.5

log(SFR)

𝑓𝑔𝑎𝑠 0.85 – 0.90 0.75 – 0.80 0.50 – 0.60 0.25 – 0.45

𝜏𝑑𝑒𝑝 ~10 Gyr 1 – 2 Gyr ~5 Gyr ~3 Gyr

Comparison of (median) properties at z=3 snapshot:
• 𝑀∗ : SB < MS < AN ~ SBMS
• SFR : MS < AN ~ SBMS < SB
• 𝜏𝑑𝑒𝑝 : SB < SBMS < AN < MS

• 𝑓𝑔𝑎𝑠 : SBMS < AN < SB < MS (Fig.11)

Only 22% of SBMS evolve into MS (and then QGs?).
→ blue-red nugget evolution is not the dominant evolutionary path.

Process Dense regions Field

1 Mass assembly Frequent major mergers Steady long-term growth

2 Gas consumption
(𝑓𝑔𝑎𝑠 decreases)

Intense SF Less gas inflow

3 Stay on MS Short 𝜏𝑑𝑒𝑝 required to keep SF.

4 Triggering SBMS Additional merger Internal stochastic 
fluctuation in SF

Possible pathways to become SBMS:
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