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The VIPERS Multi-λ Survey in a nutshell:  

• Covers the VIMOS Public Extragalactic Redshift Survey (VIPERS),  
spec-z for ~90,000 galaxies in CFHTLS W1 & W4 fields  
  

• Ks (WIRCam), ~27 deg2 down to Ks~22, ~120h allocated (2010–2012)  

• u, g, r, i, z (MegaCam), over ~20% of the CFHTLS Wide (T0007)  

• + FUV, NUV (Galex), ~22 deg2 

• ~1,5 million sources, ~880,000 galaxies (photo-z & physical parameters)

Environment- vs. Mass-Driven Star formation Quenching 
in the VIPERS Multi-λ Survey
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Why observing the rest-frame UV–to–near-IR emission of galaxies?

Credit: CFHT

• UV–to–near-IR colours trace galaxy stellar mass assembly

optically blue ⇨ emission dominated by young stars ≈ recent star formation

Environment- vs. Mass-Driven Star formation Quenching 
in the VIPERS Multi-λ Survey
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Why observing the rest-frame UV–to–near-IR emission of galaxies?

Environment- vs. Mass-Driven Star formation Quenching 
in the VIPERS Multi-λ Survey

Credit: SDSS/Galaxy Zoo

⇨  on average: elliptical ≈ red, spiral ≈ blue

• UV–to–near-IR colours trace galaxy stellar mass assembly
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Why observing the rest-frame UV–to–near-IR emission of galaxies?

Environment- vs. Mass-Driven Star formation Quenching 
in the VIPERS Multi-λ Survey

Credit: SDSS/Galaxy Zoo

⇨  actually: slightly more complicated …

• UV–to–near-IR colours trace galaxy stellar mass assembly
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Why observing the rest-frame UV–to–near-IR emission of galaxies?

…and the growth of the red/quiescent population is the 
statistical expression of the quenching of the star formation

• Optically, galaxies divide into two main populations:  
 blue/star-forming and red quiescent galaxies
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Why observing the rest-frame UV–to–near-IR emission of galaxies?

quiescent        optically red     but    optically red        quiescentX
• However, due to dust extinction:       

⇨  Optical–near-IR colours allow us to break the degeneracy!
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Why observing the rest-frame UV–to–near-IR emission of galaxies?

⇨  Near-UV–optical colours are sensitive to recent star formation!

• Actually, rest-frame optical (even U-band) emission comes from 
fairly long (1Gyr) living stars and traces old star formation
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Why observing the rest-frame UV–to–near-IR emission of galaxies?

⇨ Provided that the sample is large enough, we can identify & 
study relatively rare populations in the process of quenching!

• Rest-frame UV+OPT+near-IR allows a clear definition of the so-
called Green Valley: "colour space region of the quenching"
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Why observing the rest-frame UV–to–near-IR emission of galaxies?

⇨  Rest-frame UV–OPT–near-IR diagrams  
            ≈ "H-R diagrams"  for galaxy evolution studies

• Rest-frame UV–OPT–near-IR colour space weakly degenerated

(Moutard+16b)
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Galaxy evolution in NUV-r vs. r-K (NUVrK) diagram

• Two quenching channels: fast (~0.4Gyr) and slow (1–3.5Gyr)

(Moutard+18)
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Galaxy evolution in NUV-r vs. r-K (NUVrK) diagram

• Two quenching channels:

⇨  fast quenching channel:  
- ~0.4Gyr (to cross the green valley) 
- low-mass (M✶<109.5 M⊙) galaxies

⇨  slow quenching channel: 
- 1–3.5Gyr 
- M* (≈1010.6 M⊙) galaxies

(M
outard+18)
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Galaxy evolution in NUV-r vs. r-K (NUVrK) diagram
• Question 1: does environment drive the quenching of low-mass 

galaxies?

⇨ Low-mass galaxy quenching 
associated with satellite 
quenching? (e.g. Peng+10,12)
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Galaxy evolution in NUV-r vs. r-K (NUVrK) diagram

⇨ idea: compare their local density with other galaxies

1) derive the local density of each galaxy 
within a cylinder of aperture 0.5 Mpc and 
depth 1Gyr

2) select galaxies depending on 
their evolution stage in the NUVrK 
diagram

(Moutard+18)

(Moutard+18)

• Question 1: does environment drive the quenching of low-mass 
galaxies?
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Galaxy evolution in NUV-r vs. r-K (NUVrK) diagram

⇨  1) low-mass galaxies "require" a strong increase of their local 
density to be (observed) quiescent  
⇨  2) consistent with a delayed-then-rapid quenching scenario

(M
outard+18)

• Question 1: does environment drive the quenching of low-mass 
galaxies?
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Galaxy evolution in NUV-r vs. r-K (NUVrK) diagram

• Question 2: how does the "mass quenching" of M* galaxy operate?

⇨ M* galaxy quenching due to 
- stellar activity? (e.g. Peng+10) 
- viral shock heating? (e.g. Keres+05) 
- AGN feedback? (e.g., Best+05,   

                                    Hopkins+06)
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Galaxy evolution in NUV-r vs. r-K (NUVrK) diagram

(Hickox+09)

(Schawinski+14)

• Question 2: how does the "mass quenching" of M* galaxy operate?

A.  Correlation between M* galaxy quenching and AGN feedback?
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Galaxy evolution in NUV-r vs. r-K (NUVrK) diagram

⇨ idea: NUV-r (~sSFR) of AGN host galaxies along the M*quenching channel?
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• Question 2: how does the "mass quenching" of M* galaxy operate?

A.  Correlation between M* galaxy quenching and AGN feedback?

HR = (H-S) / (H+S)
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Galaxy evolution in NUV-r vs. r-K (NUVrK) diagram

⇨  1) radio-loud AGN are hosted by 
already quenched galaxies  

⇨  2) heavily-obscured X-ray AGN 
hosts are in the process of quenching 
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• Question 2: how does the "mass quenching" of M* galaxy operate?

A.  Correlation between M* galaxy quenching and AGN feedback?



May 21, 2019 T. Moutard — CFHT UM 2019, Montréal

Environment- vs. Mass-Driven Star formation Quenching 
in the VIPERS Multi-λ Survey

20

Galaxy evolution in NUV-r vs. r-K (NUVrK) diagram

B.  Where does such X-ray heavy obscuration come from? 

⇨  Final stage of the major merger of ~M* galaxies 

(Blecha+18)

1. Connection between X-ray heavy obscuration, i.e. 
high col. density NH, and galaxy mergers well 
established from both observations (e.g. 
Ricci+17 or Kocevski+18) and simulations (e.g. 
Blecha+18) 

2. In the green valley, HR~0.26 ⇨ NH ~ 3x1022 cm-2  
> consistent with predictions for gas-poor ~M* 
galaxy mergers (Blesha+18)

• Question 2: how does the "mass quenching" of M* galaxy operate?
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Galaxy evolution in NUV-r vs. r-K (NUVrK) diagram

C.  What kind of scenario can favour M* galaxy mergers  
                                   …after  the beginning of the quenching process? 

⇨  A possible answer is the model developed by Pichon+11 and Codis+15.  

The model predicts that galaxies are formed within DM halos with spin 
parallel to their closest filament, due to cold-gas streams.  

Eventually, DM halos experience a spin flip due to mergers with other 
halos as they fall along cosmic filaments, which is precisely expected  
to happen for DM halos of a few ~1012 M⊙), typically the mass of the DM 
halos hosting M* (≈1010.6 M⊙) galaxies… 

• Question 2: how does the "mass quenching" of M* galaxy operate?
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The NUVrK "big picture"

Low-mass galaxy 
quenching: 

• early in galaxy’s life
• ~0.4 Gyr (delayed-

then-rapid scenario)
• within groups and/

or clusters

Conclusion: please consider the environment.

M* galaxy quenching: 

• after billion years of 
star formation

• 1–3.5 Gyr (starvation 
scenario)

• along cosmic 
filament

Summary
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Thank you


