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“Quenching”?
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Dictionary definition: to extinguish, stifle, or suppress
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Goal of the study of “quenching” in 1<z<1.5 groups/clusters: 
to constrain/understand how quenching processes in galaxies depend 
on halo mass as well as redshift
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The GOGREEN Survey
GOGREEN = Gemini Observations of Galaxies in Rich Early ENvironments

GOGREEN Science goals:
• Environmental-Quenching of 

Low Mass Galaxies
• Hierarchical Assembly of 

Baryons
• Cluster Dynamics and Masses Unique features of GOGREEN:

1. Very deep, unbiased spectroscopy for all 
galaxy types, probing stellar masses 
below 1010 MSun at 1 < z < 1.5 
(accompanied by deep 10-band 
photometry and HST F160W imaging)

2. Wide range of halo masses, ranging from 
groups (1013 MSun) to massive clusters 
(1015 MSun ) 
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Example GOGREEN cluster
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“Galaxy Groups” in the GOGREEN Survey
• “Groups” in 

GOGREEN are 
gravitationally bound 
collections of galaxies 
with halo masses 
𝑀" < 10&'𝑀⊙

• 21 groups at 
1<z<1.5 in COSMOS 
group catalog, with 
halo masses estimated 
based on x-ray flux 
[Gozaliasl+2018] IMAGE CREDIT: GOGREEN Collaboration
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The COSMOS Galaxy Groups
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COSMOS survey region has 
excellent photometric redshifts:

Background 
subtraction:
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Stellar Mass Functions:

Group Red Sequence (field):
• 𝜶 ≈ −𝟏. 𝟑 (𝛼 ≈ −0.17 )
• 𝑴∗ ≈ 𝟏𝟎𝟏𝟎.𝟗 (𝑀∗ ≈ 10&5.67 )

Group Blue Sequence (field):
• 𝜶 ≈ −𝟏. 𝟖 (𝛼 ≈ −1.21 )
• 𝑴∗ ≈ 𝟏𝟎𝟏𝟎.𝟕𝟔 (𝑀∗ ≈ 10&5.6< )

What is the distribution 
of red/blue galaxies at a 
given stellar mass?
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Quenched Fraction
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Group quenched fraction:

𝒇𝑸 =
𝑵𝒓𝒆𝒅

𝑵𝒓𝒆𝒅 + 𝑵𝒃𝒍𝒖𝒆

Group quenched fraction (field):

𝒇𝑸 =
𝑵𝒓𝒆𝒅

𝑵𝒓𝒆𝒅 + 𝑵𝒃𝒍𝒖𝒆
= 𝟎. 𝟓𝟎 ± 𝟎. 𝟎𝟓 (0.36)
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Environmental Conversion Fraction:

𝑓OPQRSTU =
𝑓V,XTPYZ[ − 𝑓V,\]S^_

𝑓 ^YS,\]S^_

Environmental Conversion Fraction:

𝑓OPQRSTU =
𝑓V,XTPYZ[ − 𝑓V,\]S^_

𝑓 ^YS,\]S^_
= 𝟎. 𝟐𝟒 ± 𝟎. 𝟎𝟗

Environmental Conversion Fraction
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IMAGE CREDIT: Nantais+2016

*Preliminary  * GOGREEN Measurements in Context 
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GOGREEN Clusters:
• Mean 𝑴𝒉𝒂𝒍𝒐 ≈ 𝟑. 𝟑×𝟏𝟎𝟏𝟒 𝑴⊙
• 𝐟𝐜𝐨𝐧𝐯𝐞𝐫𝐭 = 𝟎. 𝟔𝟒 ± 𝟎. 𝟎𝟔

(for galaxies above 10&5.7𝑀⊙
in stellar mass)

GOGREEN Groups:
• Mean 𝑴𝒉𝒂𝒍𝒐 ≈ 𝟔. 𝟐×𝟏𝟎𝟏𝟑 𝑴⊙
• 𝒇𝒄𝒐𝒏𝒗𝒆𝒓𝒕 = 𝟎. 𝟐𝟒 ± 𝟎. 𝟎𝟗

(for galaxies above 10&5𝑀⊙
in stellar mass)
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IMAGE CREDIT: Leauthaud+2012

*Preliminary  * Group Stellar Fraction
𝑓[US^^sT =

𝑀[US^^sT(< 𝑅u55O)
𝑀u55O

= &5vv.wx±y.yz

&5v{.|{±y.y}

≈ 0.020

ie: may be lower than 
expected for z~1.25

àStar formation may be less 
efficient in galaxy group-sized 
dark matter halos than 
expected at z~1.25
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Conclusions

For more GOGREEN at CASCA 2019: 
• Poster: “Identifying unusual quiescent 

galaxies using deep rest-frame UV 
imaging”, Karen McNab

• Poster: “Quiescent galaxy populations at 
1<z<1.5”, Kristi Webb

• Michael Balogh, PI of GOGREEN
• Adam Muzzin

For a copy of this talk or more 
GOGREEN information: 
gogreensurvey.ca/

My email address: 
andrew.reeves@uwaterloo.ca
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Relative to the field we see:
• SMF ~ same for group and field
• Overall excess quenching of group 

galaxies:
• 50% instead of 36% for the field
• Conversion fraction: 24% 

Regarding halo mass dependence:
• Environmental conversion fraction 

depends strongly on halo mass
• Stellar mass fraction: stars make up 

~2% of the halo mass, for halos 
𝑀"~10&7.�𝑀⊙ at z~1.25

Quenching in GOGREEN Galaxy Groups at 1<z<1.5



Backup Slides…
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Simulations
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Methodology: Background Subtraction

Rough idea behind background subtraction:

• For each group, use an identified centre. 
Count all galaxies, 𝑵𝑪, within some radius 
(eg: R200c ~ 1’ @z=1.25) of that centre
and with a photo-z within +/- dz=0.2 of 
the group redshift.

• Count all of the galaxies in the 
field/survey à 𝑵𝒇𝒊𝒆𝒍𝒅. Scale that number 
by the ratio the ratio of the area of the 
circle to the area of the surveyà
(𝑨𝑪/𝑨𝒇𝒊𝒆𝒍𝒅). Subtract that scaled number 
from the galaxies in the circle.

Finally, average across all groups.
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