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Galaxies and the halo model

3.9 Mpc/h Bolshoi
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Galaxy formation efficiency is very dependent on halo mass
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Galaxy properties evolve over time

Muzzin et al. (2014)
Whitaker et al. (2012)
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Requires two types of evolution:
1. Steady evolution of SFR with time
2. Possibly sudden transition from SF to Quiescent




Galaxy clusters as laboratories for understanding
galaxy evolution

3.9 Mpc/h Bolshoi




Central galaxies

Star formation rates are determined by a variety of processes
occurring over a wide range of time and spatial scales.

Interpretations rely on sophisticated, parameterized models
that have little predictive power.

Central galaxy

The physics is simpler
on the largest scales,
and inflow rates from

...



Satellite galaxies

A satellite galaxy loses its source of fresh gas from
cosmological accretion.

— For most satellites, everything else may be largely
unaffected.

— We can test predictions of the “complex physics”

Central galaxy Satellite galaxy




Theoretical models quench satellite galaxies too efficiently.
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Satellite quenching mechanisms evolve qualitatively

Quenching may be directly related to feedback processes, rather

than dynamical processes like ram pressure stripping (McGee et al.
2014)
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At z=1:

e Shorter timescales for
massive galaxies

e Strong mass dependence
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What is needed?

e Measurements of stellar contents of halos over a large range in redshift
and halo mass.

e star formation histories of galaxies as a function of redshift, stellar mass
and halo mass.

e Growth history of halos




galaxy clusters and groups at z>1
can provide these elements
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GOGREEN

Gemini Observations of Galaxies in Rich Early ENvironments

440h Gemini Large and Long Program

Unlque features of GOGREEN:
. Yery deep, unbiased spectroscopy for all galaxy fypes, probing stellar masses

below 10°Mswmat 1 <z<1.5

2. Wide range of halo masses, ranging from groups

(103 Msun) to massive clusters (10" Msun)

GOGREEN Science goals:

« Environmental-Quenching of Low
Mass Galaxies

» Hierarchical Assembly of Baryons
e Cluster Dynamics and Masses

http://gogreensurvey.ca/




Sample Properties

Stellar mass limited to Mstar =101%Msun

e Use deep GMOS z-band and 3.6um imaging to select galaxies




Sample Properties

High spectroscopic completeness
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Deep (i ~ 26 AB) multiwavelength (u-band
through 3.6 um) imaging for all systems

Gregory Rudnick (Imaging acquisition team lead)

Remco van der Burg (photometry team lead)
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Sizes and morphology, stellar
masses, select red sequence ...
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Jeffrey Chan, UC Riverside

PRELIMINARY

GOGREEN - All
1.035<2<1.320

% Coma (De Lucia +07)

VA SDSS (< 600kms™' /> 600kms™") (De Lucia +07)
Bildfell +12

¢ Capozzi +10

2 LARCS & MACS clusters (Stott +07,+09)

## EdisCS clusters (z,,., / stat field subtraction) (De Lucia +07)
Andreon +08
Cluster evolution (Bildfell +12)

- = Cluster evolution (Gilbank & Balogh 08)
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Fewer low-mass quiescent galaxies
than counterparts at z=0.7

Chan et al. in prep.



Stellar mass functions in galaxy groups

Andrew Reeves, U Waterloo

PRELIMINARY

Stellar Mass functions: Quiescent Galaxies

RS Galaxies / group

7 T ------- 95% mass completeness @z=1.5
Schechter fit - Muzzin+2013
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Stellar mass functions require full photometry.
Available for the group sample

GOGREEN groups have evidence for environmentally
guenched, low mass galaxies

Reeves et al. in prep.



Kristi Webb, U Waterloo
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Trend of D4000 with mass reflects Among passive galaxies there is a
passive fraction weak trend of D4000 with mass.

PRELIMINARY

Webb et al. in prep.



Kristi Webb, U Waterloo
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Kristi Webb, U Waterloo

PRELIMINARY Passive Galaxies
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galaxies may be older than those in

the field. At lower masses, ages are
indistinguishable
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Survey progress

e Spectroscopy is 70% finished. Survey extended to 2019A
e Reaching 50% redshift completeness at z(AB)=24.25 — On Target

e >100 hours of imaging now 80% complete
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-  Wetzel et al. (1., xt4,)

w— SAM (De Lucia)

@89 GOGREEN "Virgo" (M/M . >10.0)

AAA GOGREEN "Virgo" (10.0 <M/M ., <10.3)
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Take away points

GOGREEN is the premier spectroscopic study of faint galaxies in dense
environments at z>1

Ultra-deep stellar mass-limited spectroscopy is yielding unique constraints
on quenching down to 101°Msun in 21 groups and clusters

Public release to come following completion of survey.
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GOGREEN - Gemini Observations of Galaxies in Rich
Early Environments

e== SAM (De Lucia) z=1.08

=== Hydro (EAGLE) z=1.0
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