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Where do most galaxies in the low-z Universe live!
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Where do most galaxies in the low-z Universe live!
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Our own neighbourhood: the Local Group
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Above is a tiny representation of the full 900
square arcminute HST ACS STAGES field.
Drag the small orange viewing glass above
(left mouse) to any position, or directly pan
around (left mouse) in the zoom regjon to
the right.

Set zoom scale:
1.0 | 0.25 | 0.10 arcsec/pixel
(coordinates on/off)

Scale: 1.0 arcsec/pixel
Diameter: 12 arcmin

For further information on the STAGES Cosmic
Evolution Survey visit the STAGES project page.

Programming: Knud Jahnke. Image data: Marco Barden, Chien Y. Peng, Chris Wolf. The
STAGES Skywalker is based on the GEMS Skywalker by K. Jahnke and S. F. Sanchez.
@ 2007, Knud Jahnke/STAGES

www.nottingham.ac.uk/astrononmy/stages




Morphology-Density relation

spiral/irregular Dressler (1980)
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GALAXIES CAN GO THROUGH...
LIFE IS TOUGH!
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What we know so far about environment

Vicent Quilis, Valencia
e.g. ram-pressure stripping

(Gunn & Gott 1972, Larson et al 1980)

(Merrett 1983, 1984)

mergers (low-speed interactions; Bekki 1998);

e.g. tidal truncation of galaxy dark matter halos v

harrassment (high-speed interactions; Moore et al 1999)

» star-formation (induce, truncate, or suffocate) o
* AGN activity (modify gas supply to central engine) , 4 .

» structural parameters (destroy disks, create tidal features)

Volker Springel, MPA

Dr. Meghan Gray, University of Nottingham Galaxy Evolution and Environment




In action: galaxy mergers

the Antennae galaxies

NOAO/AURA/NSF

Hubble Space Telescope
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In action: ram-pressure stripping

Hubble Space Telescope

NGC4522 galaxy
in relation to its host cluster,
the Virgo Cluster
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In action: natural causes

* internal process: winds from supermassive black hole, supernova may
drive out gas

Hydrogen ga's‘

M82
Hubble Space Telescope

e old age: the galaxies in dense environments may simply have formed
first, giving them more time to evolve
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Nurture...:

galaxy evolution and environment

Kuala Lumpur, Malaysia, 30 March - 3 April 2009

...Or nature!

"~ S
b T Darren Croton:
-« halo mass is king!”
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But...how do we measure environment!
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What is galazy environment? 5

Method Author

Neighbours
3rd Nearest Neighbour Muldrew
Projected Voronoi Podgorzec & Gray
Mean 4th & 5th Nearest Neighbour Baldry!
5 Neighbour Cylinder Li?
7th Projected Nearest Neighbour Ann
10 Neighbour Bayesian Metric Cowan
20 Neighbour Smooth Density Choi & Park?
64 Neighbour Smooth Density Pearce

3

Aperture
1h—*Mpc (£1000 kms—1) Griitzbauch & Conselice®
2h~'Mpc (£500kms—1) Gallazzi®
2h~*Mpc (£1000kms—1) Griitzbauch & Conselice
2h~*Mpc (£6000kms—1) Gallazzi®
5h~*Mpc (£1000 kms—1) Griitzbauch & Conselice
8 h—!Mpc Spherical Croton?

Annulus
15 0.5—1.0h~*Mpc (£1000 kms™—*
16 0.5—2.0h~'Mpc (£1000 kms—!
17 0.5 —3.0h~*Mpc (£1000kms—*
18 1.0 — 2.0 A~ *Mpc (£1000kms—*
(
(

Wilman & Zibetti®
Wilman & Zibetti®
Wilman & Zibetti®
Wilman & Zibetti®
Wilman & Zibetti®
Wilman & Zibetti®

19 1.0 — 3.0 h~ *Mpc (£1000 kms—*
20 2.0 — 3.0 h—*Mpc (+1000 kms—*

N N N N N S

Table 1. List of environment measures used in this study and the authors who implemented them, including references where applicable.
See Section [3] for further details. References: 1: Baldry et al. (2006), 2: Li et al. (2011), 3: Cowan & Ivezié (2008), 4: Park et al. (2007),
5:|Griitzbauch et al/ {2011), 6: Gallazzi et al.| (2009), 7: |Croton et al. (2005) and 8: Wilman, Zibetti & Budavari (2010).

Muldrew et al. 2012
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Measuring environment with galaxy density

Examples:

* 3" nearest neighbour
(N gal/Mpc?)
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Measuring environment with galaxy density
o

Examples:

* 3" nearest neighbour
(N gal/Mpc?)

* |10 nearest neighbour

(N gal/Mpc?)
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Measuring environment with galaxy density

Dr. Meghan Gray, University of Nottingham

Examples:

* 3" nearest neighbour
(N gal/Mpc?)

* |10 nearest neighbour
(N gal/Mpc?)

* fixed aperture/cylinder

Generally;
=>» Nearest neighbour probes internal halo

=> Aperture probes halo as a whole

Galaxy Evolution and Environment




Caution: galaxy density...or proxy for:

dark matter halo mass?

Hot X-ray gas!

CHANDRA X-RAY DSS OpPrTICAL
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What about redshift? g,
Hartley et al. 2010 '

more
massive
haloes

redshift

redshift

Clustering studies show that passive galaxies occupied the
most massive haloes as far back as z=2 (at least)...
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What about galaxy mass!?

Haines et al. 2007: different
processes influence star
formation histories of

0 B<log(i) massive and dwarf galaxies

10.6<log(M.)<10.8
10.4<log(M.)<10.6

9.8<log(M.)<10.0
9.6<log(M.)<9.8
9.4<log(M.)<9.6
9.2<log(M.)<9.4
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No passive low-mass
galaxies in sparse
environments!
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Galaxy evolution and environment:
Relationship status: “it’s complicated”

Who!

— Which types (e.g. mass, morphology) of galaxies are affected!?
VWhat!?

— What process (if any) is responsible for transformation?
Where!?

— In which environments do transformations occur?
VWhen!?

— At what redshift? How quickly does the transformation happen, and how
long do effects last!?

How!?
— How'are the observable properties of the galaxies affected!?
Why!?

— We can’t fully understand growth and assembly of galaxies over cosmic time
unless we understand the role of environment.
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Nature or nurture!?

An experiment to understand galaxy evolution in dense
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M Hubble Space Telescope
g # %
S

80-orbit mosaic with 3 cameras:
morphologies, weak gravitational lensing

photo-zs + SEDs for 15000 objects

M*, photo-zs

dynamics, star-formation histories

ICM,AGN

obscured star formation, AGN

unobscured star formation

obscured SEAGN

Dr. Meghan Gray, University of Nottingham

dark matter, gas, galaxies

Galaxy Evolution and Environment




The A901/902 multiple-cluster system:
a laboratory for studying galaxy evolution & environment

“‘environment” galaxies

active
galactic
nuclei

star
formation

intracluster
medium

LSS dark morphology, stellar

q . * harrassment size
ynamics matter - strangulation B/T’ masses

* stripping
« tidal truncation
* merging
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Multiple clusters and groups in one field-of-view
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STAGES high-resolution weak lensing map
Heymans + STAGES 2009

i

Abell 901/902 Supercluster Dark Matter Map = STAGES Hubble Space Telescope £

Abell 901b_
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Abel] 902 & _ S e . SW Group
NASA, ESA, C. Heymans (University of British Columbia), M. Gray (University of Nottingham), and the STAGES Collaboration STScl-PRC08-03




Dissecting a supercluster

. - £
s+ 0.

28 = ey oo
D QEIL

AS01b

(4

SW gr@up

optical imaging

gravitational lensing

X-ray imaging




Results (I): activity in galaxies

Wolf + STAGES (2009)

’ ’

red spiral red élliptical

 dusty red galaxies are a cluster-specific phenomenon
« are forming stars but at rate 4x lower than blue spirals at fixed mass
« cluster: contains more dusty red than blue galaxies (mostly Sabs)

...see also Galaxy Zoo (Bamford et al. 2009)




Results (ll): Structural parameters

Maltby + STAGES (2010)

Field Ellipticals (89)
Cluster Ellipticals (167)

stellar mass

same goes for bars (Marinova et al. 2008); surface brightness profiles (Maltby et al 2012),
interactions (Heiderman et al. 2008); boxy/diskiness of ellipticals (Haeussler et al. 2012)
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Results (ll): Structural parameters (con’t)
Maltby + STAGES 2010

field
spirals

cluster
spirals

Large, low-mass spirals seen in the field but not the cluster
=>» destroyed on infall?
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Lessons from STAGES (so far)

* fully characterized environment of a complex
system in mass, gas and galaxies

observe mass-dependent changes in star-formation and
AGN activity with environment (infall regions) and find
evidence of transitional objects

morphological/structural transformations much harder to
catch in action
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Some outstanding questions

How does star formation get supressed in the cluster
environment?

How do spiral galaxies transform into SOs!?
What drives the morphology density relation?

At what redshift are the colour-density and morphology-
density relations established?

What is the balance between external and secular
evolution, and the dependence on galaxy mass!?

What drives galaxy evolution with redshift?

Lots to do!
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