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Mass Environment

• Stellar feedback 

• AGN feedback 

• Halo quenching

• Ram pressure stripping 

• Harassment 

• Strangulation

How does galaxy quenching depend on mass, environment and redshift?

Quenching mechanisms

e.g. Moore+96, Keres+05, van den Bosch+08, Cicone+14, Poggianti+17
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ΔZ* during quenching depends on the mechanism!
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Peng+15

Quenching by sudden 
gas removal

Small ΔZ*

No more inflow 
(starvation)

Quenching by starvation

Large ΔZ*

Stellar metallicity as a tracer of quenching mechanisms
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ΔZ* between star-forming and passive galaxies can be used 
to distinguish between different quenching mechanisms
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• SDSS DR7: 930,000 galaxies with optical spectra 

• 0.02 < z < 0.085 and S/N > 20 

• 75,000 galaxies after cuts (c.f. 27,000 Peng+15)

5

• FIREFLY: mass-weighted stellar metallicities 
and ages 

• MILES stellar library

Wilkinson+17

SDSS Data
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Passive

Star-forming

Green valley

Galaxy Classification



James Trussler 7

There is a significant difference in stellar metallicity between star-forming, green valley 
and passive galaxies

This is qualitatively consistent with starvation
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• ΔZ*: Difference in stellar metallicity 
between star-forming and passive 
(green valley) galaxies 

• ΔZ* decreases with increasing mass 

• Primarily due to the smaller gas 
fractions present in more massive 
galaxies
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Green valley galaxies are intermediate in 
age between star-forming and passive 
galaxies

The stellar ages and stellar age differences 
are used to estimate the onset of quenching 
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How did the galaxy evolve? 

• Star formation, metal production, gas flows (Peng & Maiolino 2014) 
• Gas inflow rate Φ = 0 (starvation) 
• Closed-box models (λ = 0) 
• Leaky-box models (λ > 0) 

 When did the progenitor begin quenching? 

• Mass-dependent quenching epoch
• Estimated from stellar ages

What did the star-forming progenitor look like at the onset of quenching? 

• Use redshift- and mass-dependent scaling relations for star-forming galaxies 
• Gas mass, gas depletion timescale, gas metallicity, stellar metallicity (Tacconi+18, 

Maiolino+08)

Gas regulator model
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Comparing the stellar metallicity difference between local passive galaxies and 
their star-forming progenitors at higher redshift

ΔZ* larger, so even stronger evidence for starvation 
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Observed stellar metallicity difference 
between local passive galaxies and their 
star-forming progenitors

Model-predicted stellar metallicity 
enhancements at various times Δt 
after the onset of quenching

Timescale required to reproduce 
the observed ΔZ*

tquench ~ 2 Gyr

May need an ejective mode at the 
end of the starvation phase to 

prevent further enrichmentlog M* (M )
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Effect of outflows: 
• Gas reservoir depletes faster 
• Stellar metallicity grows more slowly
• Maximum possible enrichment is smaller

Model fails to reproduce 
observed ΔZ* at high-mass end

Quenching timescales are longer than in 
closed-box model

Outflows played a minor role in quenching 
the progenitors of massive local passive 
galaxies
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Quenching in the local Universe
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Comparing the stellar metallicity difference between local green valley and local 
star-forming galaxies
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Observed stellar metallicity difference 
between local green valley and local 
star-forming galaxies

Model-predicted stellar metallicity 
enhancements at various times Δt 
after the onset of quenching

Timescale required to reproduce 
the observed ΔZ*, ~ 3 Gyr

Age difference between green 
valley and star-forming galaxies
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Model struggles to reproduce the 
observed ΔZ*

Quenching timescales from ΔZ* analysis are 
inconsistent with age difference between 
star-forming and green valley galaxies

Outflows play a minor role in quenching 
local green valley galaxies
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The galaxy population is divided into 
centrals and satellites  

ΔZ* between star-forming and 
passive centrals

ΔZ* between star-forming and 
passive satellites

Quenching of centrals is independent of environment Starvation is most effective at quenching low-
mass satellites in high density environments
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1. Stellar metallicity  

• The stellar metallicity differences between star-forming, green valley and passive galaxies can be used to 
distinguish between different quenching mechanisms 

2. Quenching at high-redshift 

• The star-forming progenitors of local passive galaxies quenched primarily through starvation over a timescale of 
2 Gyr, even for massive systems 

• May need an ejective mode after the starvation phase to prevent further enrichment 

• Outflows play a minor role in quenching massive galaxies, but may be important in low-mass systems 

3. Quenching in the local Universe 

• Local green valley galaxies have been quenching through starvation for the past 3 Gyr

• Outflows play a minor role in quenching galaxies of all masses 

4. Environmental quenching  

• Overall the dependence of quenching on the environment is weak

• The quenching of centrals is independent of the the environment 

• Starvation is most effective at quenching low-mass satellites in high density environments
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Summary
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The galaxy population is divided into 
centrals and satellites  

ΔZ* between star-forming and 
green valley centrals

ΔZ* between star-forming and 
green valley satellites

Quenching of centrals is independent of environment Starvation is most effective at quenching low-
mass satellites in high density environments
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ΔZ* is similar for centrals and satellites
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Starvation operates similarly for centrals and satellites
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Stellar metallicity difference between local 
passive galaxies and their star-forming 
progenitors
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Only using molecular gas: 

• Gas reservoirs are smaller
• Maximum stellar metallicity enhancement 

is smaller

• Depletion timescales are shorter 
• Quenching timescales are shorter

Effect most notable for low-mass galaxies

Closed-box model (λ = 0)
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Outflows are more effective in 
models only containing molecular gas

Leaky-box models have more 
difficulty in reproducing the 

observed ΔZ*

Outflows are disfavoured in models 
only containing molecular gas 

Leaky-box model (λ = 1)
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Stellar metallicity difference between local 
green valley and local star-forming 
galaxies
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