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Self-regulated growth and the cessation of star formation

How to measure quenching timescale?

➜ galaxies oscillate about the star-formation equilibrium 
state, where the spatial distribution of star formation and  
the build-up of bulges are linked to these galactic-scale 
oscillations (Tacchella+ 2016ab) 
➜ scatter of the SFMS can be related to a wide range of 
physical processes that range from small to large scales  
(Caplar & Tacchella 2019; Tacchella, Forbes & Caplar 2020)

massive, z~2-3 galaxies quench inside-out

Tacchella+ 2015,2018

see also Nelson+ 2016; Morselli+ 2019 
z~0: Belfiore+2017; Ellison+ 2018

➜ Bulge Formation
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Is the SF variability related to quenching timescales?

• forward approach:  
  + quenching in action 
  − predicting future is difficult 
      (ensemble vs individuals)

• lookback approach:  
  + quenching happened 
  − in-situ / ex-situ mixing

How to measure quenching timescale?
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Sample: HALO7D

• deep (10-20 hours per object) Keck/DEIMOS spectroscopic survey of z~0.8 galaxies 
• 161 objects with S/N>5 per Å 
• massive, mostly quiescent galaxies

in collaboration with Conroy, Johnson, Leja, et al.
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Modeling photometry + spectroscopy

Prospector (Leja+ 2017, Johnson+ in prep.)  
https://github.com/bd-j/prospector 

• fully Bayesian package for inference of stellar population properties from photometric and/or 
spectroscopic data 

• combine photometric and spectroscopic data rigorously using a spectroscopic calibration model

We model 20-30 parameters: 
✤ standard: redshift, stellar mass, velocity dispersion, metallicity 
✤ flexible dust attenuation model: AV and multiplicative of Calzetti attenuation law 
✤ dust emission: 3 parameters 
✤ AGN emission in IR model: 2 parameters 
✤ “non-parametric” SFH (10 bins in time)  
✤ emission line model: fit for prominent emission lines  
   ➜ fit for velocity dispersion, optimize out amplitude  
✤ outlier model: skylines residuals, detector artifacts, data-model inconsistencies  
   ➜ fraction of outlier pixels in spectrum

https://github.com/bd-j/prospector
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Example
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Example
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Example
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Fitting results: parametric versus non-parametric
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Fitting results: with and without spectroscopic data
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sSFR = 1/(20 tH(z))

sSFR = 1/(3 tH(z))

transition

star-forming

quiescent
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Redshift of formation and star-formation timescale

zf:    redshift of t50 (when 50% of the mass formed) 
𝛕SF:  star-formation timescale (t20-t80)
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Redshift of formation and star-formation timescale

zf:    redshift of t50 (when 50% of the mass formed) 
𝛕SF:  star-formation timescale (t20-t80)

shorter star-formation timescale for more 
massive and early-forming galaxies
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Prior on the star-formation history

K =
Znp,14

Znp,10
= 1.3

<latexit sha1_base64="hWtWsCQXlWwbOIPz67embEGvcE0=">AAACMHicbVDLSsNAFJ3UV62vqEs3g0VwISXRim4KRRcKbirYBzahTKaTduhkEmYmQgn5JDd+im4UFHHrVzhpi2jbAxcO59zLvfd4EaNSWdabkVtYXFpeya8W1tY3NrfM7Z2GDGOBSR2HLBQtD0nCKCd1RRUjrUgQFHiMNL3BZeY3H4iQNOR3ahgRN0A9Tn2KkdJSx7xyAqT6GLHkJq04vkA4+VXu007iiADy6Mgup+l8w0rTil066ZhFq2SNAGeJPSFFMEGtYz473RDHAeEKMyRl27Yi5SZIKIoZSQtOLEmE8AD1SFtTjgIi3WT0cAoPtNKFfih0cQVH6t+JBAVSDgNPd2Y3y2kvE+d57Vj5525CeRQrwvF4kR8zqEKYpQe7VBCs2FAThAXVt0LcRzo1pTMu6BDs6ZdnSeO4ZJdLp7flYvViEkce7IF9cAhscAaq4BrUQB1g8AhewDv4MJ6MV+PT+Bq35ozJzC74B+P7BzEKqjQ=</latexit>

K =
Znp,dir

Znp,10
= 6⇥ 10�4

<latexit sha1_base64="Wuc2g87cvIioOtOXtDSNRgNyT2c="></latexit>

K =
Zdelayed�tau

Znp,10
= 0.14

<latexit sha1_base64="8XAQa77wUiw61cBZ1/3KUgmUefc="></latexit>

see also Carnall+ (2019), Leja+ (2019)
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Definition of quenching timescale

star-forming

quiescent

transition sSFR = 1/(20 tH(z))

sSFR = 1/(3 tH(z))

tQ
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Quenching timescales
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Prior on the quenching timescale
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Conclusions

• measuring quenching timescale for individual galaxies: forward vs lookback in time 

• detailed modeling of spectroscopic + photometric data 

• need both spectroscopic and photometric data in order to break age-dust-Z degeneracy 

• understanding the imprint of the prior onto measurements is important 

• large diversity of star-formation histories of galaxies at z~1:  
- some galaxies are extremely old with formation redshift of z~10 (➜ JWST)  
- star-formation timescale: shorter for more massive and early-forming galaxies 
- mergers have a non-trivial effect  
- large diversity of quenching timescale: few tens Myr to a few Gyr  
- do galaxy formation models predict this diversity? 

• more about abundances and morphology


