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How galaxies quench?
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Internal processes External processes

Correlate with galaxy properties  
(e.g. stellar mass)

Correlate with the density of the 
environment

COSMOS Wall structure ( )z ∼ 0.73

Comprehensive range of 
environments

High quality spectroscopic and 
photometric data for massive quiescent 

galaxies
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We are able to reproduce both spectrum and photometry

Ditrani et al., submitted Ditrani et al., submitted

Analysis: Full-index + photometric fitting
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The environment effects

Different environments imply different physical quenching processes for massive quiescent galaxies

Galaxies in high 
density environments

Mainly regulated 
by external 

mechanisms like 
ram-pressure 

stripping

Field galaxies

Internal 
processes like 
cosmological 

starvation

COSMOS Wall

redshift
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What can we do with ?
18 Moustakas et al.

Fig. 12.— Evolution in the number density of all (black squares), quiescent (red diamonds), and star-forming (blue points) galaxies in
four 0.5 dex wide intervals of stellar mass ranging from 109.5 − 1010 M⊙ in the upper-left panel, to 1011 − 1011.5 M⊙ in the lower-right
panel. The error bar on each measurement is due to the quadrature sum of the Poisson and sample variance uncertainties in each redshift
interval; we denote lower limits on the number density using upward-pointing arrows. The solid black, dot-dashed red, and dashed blue
lines show weighted linear least-squares fits to the data, and the corresponding shaded regions show the 1σ range of power-law fits drawn
from the full covariance matrix. We find a factor of ∼ 2 − 3 increase in the number density of ∼ 109.5 − 1010.5 M⊙ quiescent galaxies
since z ≈ 0.5, and a remarkably little change (−8% ± 10%) in the space density of star-forming galaxies over the same range of stellar
mass and redshift. Between 1010.5 − 1011 M⊙, the space density of quiescent galaxies increases by 58% ± 9%, while the number density
of star-forming galaxies declines by −13%± 23%. Meanwhile, above 1011 M⊙ we find a steep 54%± 7% decline in the number of massive
star-forming galaxies since z ≈ 1, and a small increase (22% ± 12%) in the space-density of comparably massive quiescent galaxies. The
distinct evolutionary trends exhibited by star-forming and quiescent galaxies conspire to keep the number density of all galaxies relatively
constant over the range of stellar masses and redshifts probed by PRIMUS.

section, and conveys many of the core conclusions of
this paper. First, we find that the number density of
109.5−1010 M⊙ quiescent galaxies increases significantly
toward lower redshift, by a factor of 3.2 ± 0.5 since
z = 0.4, whereas the number density of star-forming
galaxies decreases marginally, by −10%± 15% over the
same redshift range. Meanwhile, the number density of
1010−1010.5 M⊙ quiescent galaxies increases by a factor
of 2.2±0.4 since z = 0.6, while the number of comparably
massive star-forming galaxies changes by −4%±15%. Fi-
nally, in the 1010.5−1011 M⊙ stellar masses bin we find a
58%±9% increase in the space density of quiescent galax-
ies since z = 0.8, and a −13%±23% decrease in the num-
ber of star-forming galaxies over the same redshift range.
Thus, we find remarkably little change (−8%± 10%) in
the number density of 109.5 − 1010.5 M⊙ star-forming
galaxies over the full range of redshifts where PRIMUS
is complete, and a gradual, but significant buildup in
the population of quiescent galaxies toward low redshift.

Moreover, we find that the rate at which the quiescent
galaxy population builds up toward low redshift increases
steeply with decreasing stellar mass.
Among the most massive galaxies in our sample, how-

ever, Figure 12 reveals a striking inversion of the trends
seen at lower stellar mass. Between 1011 − 1011.5 M⊙

the number density of quiescent galaxies increases by
22% ± 12% since z ≈ 1, while the number of massive
star-forming galaxies declines by 54%±7% over the same
redshift range. The reason this destruction of massive
star-forming galaxies (and presumed transformation into
quiescent systems) does not significantly affect the space
density of massive quiescent galaxies is because quiescent
galaxies vastly outnumber star-forming galaxies above
∼ 1011 M⊙ at all redshifts from z = 0− 1. For example,
at z = 1 quiescent galaxies outnumber 1011− 1011.5 M⊙

star-forming galaxies by ≈ 0.13 dex (≈ 35%); therefore,
the ≈ 55% decline in the number of massive star-forming
galaxies can easily be subsumed into the quiescent galaxy

Moustakas et al., 2013

• Observation of entire cosmic structures  
• Obtain a statistical sample of quiescent galaxies in different environments

z ≤ 1

 FoV3deg2

Coverage of mass distribution 
of quiescent galaxies at z ≤ 1


