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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

Quenching in GOGREEN Galaxy Groups at 1<z<1.5 Andrew Reeves




The GOGREEN Survey

GOGREEN = Gemini Observations of Galaxies in Rich Early ENvironments

GOGREEN Science goals: “

. Environmental-Quenching of ’ ‘
(L 4

Low Mass Galaxies

Hierarchical Assembly of

Baryons .
Unique features of GOGREEN:

1. Very deep, unbiased spectroscopy for all
seidiesiy! e = TS galaxy types, probing stellar masses
D . ol below 10° Mg, at1 <z < 1.5

(accompanied by deep 10-band
photometry and HST F160W imaging)

Cluster Dynamics and Masses

Wide range of halo masses, ranging from
¥y e B groups (103 Mg,,) to massive clusters
Exampie AGOGR.EEN cluster (10%5 Mgyp )
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“Galaxy Groups” in the GOGREEN Survey

Redshit “Groups” in
' ' ’ GOGREEN are
gravitationally bound
collections of galaxies
with halo masses

M, < 10"*Mg

21 groups at

1<z<1.51n COSMOS
GEEC2,GCLASS .
GOGREEN group catalog, with
CNOC,MeNEACS,EDisCS,other .

halo masses estimated
based on x-ray flux
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The COSMOS Galaxy Groups

COSMOS survey region has

1.6 4/ — Line with slope=1
COSMOS 'public' spec-z
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excellent photometric redshifts:
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Spectroscopic Redshift
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COSMOS (UltraVISTA) Photometry

UltraVISTA photometry
 + Group; Average Rzpo. shown with green circle

1
T T T T
150.8 150.6 150.4 150.2

Background
subtraction:

Andrew Reeves




What is the distribution

stellar Mass Functions:  ofred/blue galaxies ata

given stellar mass?

RS Galaxies [dex™1] / Group COSMOS Groups - Stellar Mass Function

Group Red Sequence (field):
s a~—-1.3 (a = —-0.17)
e M* =~ 1010.9 (M* ~ 1010_73 )

95% mass completeness @z=1.5
—— Groups RS Schechter fit
===+ 1<z<1.5 Field RS fit - Muzzin+2013

10.5 11.0
log(Mstef/ar/MG:-)

95% mass completeness @z=1.5
—— 1<z<1.5 Groups BS Schechter fit
-=--- 1<z<1.5 Field BS fit - Muzzin+2013

10.5 11.0
log(Msref/ar/MG-)
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Within Rypqc
Overall, above 10°M,

1<z<1.5 field Schechter fits, Muzzin+2013

95% mass completeness @z=1.5

Uncertainty in Schechter fits; Muzzin+2013
Passive fraction - Finoguenov groups measurement
Passive fraction field 1<z<1.5
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Group quenched fraction (field):

fo= Nred  _ 4,50+ 0.05 (0.36)
Nred + Nblue
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Within Rz00c¢

Overall, above 101°M,
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95% mass completeness @z=1.5
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Environmental Conversion Fraction:

_ fQ,groups - fQ,field

convert —

=0.24+0.09
fblue,field
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“Prefiminary * GOGREEN Measurements in Context

clusters

Quenching efficiencies of groups

* Balogh+16 (gr)

¥ Kawinwanichakij+16 (gr)
B Knobel+13 (gr)

® Omand+14 (gr)
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Quenching efficiencies of

® van der Burg+r1 8
® Omand+14
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V Cooke+16 (cl)
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Quenching efficiency
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0.4 0.6 0.8 1.0
Redshift z

GOGREEN Groups:
 Mean Mhalo ~ 6. 2)(1013 M@

fconvert = 0.241+£0.09
(for galaxies above 10'°M g

in stellar mass)
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0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
Redshift z

IMAGE CR :DIT: Nantais+2016

GOGREEN Clusters:
 Mean Mhalo ~ 3. 3)(1014 M@

feonvert = 0.64 £ 0.06
(for galaxies above 10193 M
in stellar mass)
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“Prefiminary * Group Stellar Fraction

WMAPS Q,/Q,, f stellar — M
500c¢

21=[0.22,0.48] 1011.9440.07

z2=[0.48,0.74] T 1013.63+0.02
23=[0.74,1.0] -
~ 0.020

ie: may be lower than

expected for z~1.25

- Star formation may be less
efficient in galaxy group-sized
dark matter halos than

Halo Mass ~ Myy. [ Mo] expected at z~1.25

IMAGE CREDIT: Leauthaud+2012
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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%

For more GOGREEN at CASCA 20109:

Regarding halo mass dependence:

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
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Environmental conversion fraction
depends strongly on halo mass
Stellar mass fraction: stars make up
~2% of the halo mass, for halos
Mp~10"3°Mq at z~1.25

GOGREEN

Gemini Observations of Galaxies in Rich Early ENvironments

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

My email address:
andrew.reeves@uwaterloo.ca
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Samples drawn from NFW profiles; also added group centering uncertainty

z=1.0
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Rough idea behind background subtraction:

Ac
Z [NC.zg - Nsurvey,zg (A—C>]

®  Foreach group, use an identified centre. p survey
Count all galaxies, N, within some radius
(eg: R200c ~ 1" @z=1.25) of that centre ‘ | COSMOS (UltraVISTA) Photometry
and with a photo-z within +/- dz=0.2 of S : ;
the group redshift.

Count all of the galaxies in the
field/survey = Ny 4. Scale that number
by the ratio the ratio of the area of the

circle to the area of the survey=>
(Ac/Afie1q)- Subtract that scaled number

from the galaxies in the circle.

Finally, average across all groups.

UltraVISTA photometry
+ Group; Average Rzgo. shown with green circle
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