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• Galaxy formation (re)primer (15 minutes)

• What is environment? (30 minutes)

• What can we learn from studying environment? (15 
minutes)



Galaxy formation primer



The skeleton                        The flesh



1. The skeleton: N-body simulations 

2. The flesh: interwoven analytic models of the 
physics of galaxy formation
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cluster

milky-way

Wechsler et al. 2002

z=0 z=1 z=6z=3





1. The skeleton: N-body simulations 

2. The flesh: interwoven analytic models of the 
physics of galaxy formation



Alien invasion

height & shape, 
density, pressure, 
gravity, ...

flexibility, running, 
jumping, ...

(human)



Our model is only as good as the questions we 
ask

For systems with infinite levels of complexity, 
our model can never be “correct”
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‣ Schmidt law star formation

‣ SFR dependent SN winds

‣ satellite gas stripping

‣ morphological transformation

‣ assembly through mergers

‣ starbursts through mergers

‣ Magorrian relation BH growth

‣ jet & bubble AGN feedback

Croton et al. 2006



z=0 dark matter



Remember:
Numerical Simulation            +               Analytic Simulation



z=0 galaxy light



Galaxy spatial and luminosity 
distributions

-clustering-                       -luminosity function-

C
roton et al. 2006



-model-                                -SDSS-

Galaxy colour 
distribution

Croton et al. 2006 Baldry et all. 2005



Physical consequences

AGN

SN

AGN

C
roton et al. 2006

(∝mBHσ3)

(∝SFR)
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SN



Why study environment?



Environment shapes the physics of galaxy 
formation

1. .

2. .

3. .

4. .

5. .

6. .

7. .

8. .

9. .

10. .



1. Gas accretion

2. Gas removal 

3. .

4. .

5. .

6. .

7. .

8. .

9. .

10. .

Environment shapes the physics of galaxy 
formation



1. Gas accretion
2. Gas removal 

Environment shapes the physics of galaxy 
formation

1. Galaxy mass and luminosity
2. Galaxy colour
3. Baryon (inc. metal) abundance
4. ...



What is environment?



Defining environment

Melbourne Berkeley

Munich



Melbourne

Munich



Defining environment

“group” finders:
• close pairs, friends of friends, ...
• optimal linking length?
• won’t find voids, but will identify isolated galaxies

physical



Defining environment

N’th nearest neighbour:
• what “N” is optimal?
• how to compare dense with sparse populations?

physical



Defining environment

fixed aperture:
• what kind of aperture (top-hat, Gaussian, ...)?
• smoothed on what scale?
• loss of information on smaller scales (e.g. halo radii 
typically <2Mpc)

physical



Defining environment

using the underlying structure itself:
• halo mass (i.e. bound structures)
• the dark matter density field
• observation vs. theory
• dealing with bias

physical



Defining environment

voids:
• “void” galaxies vs. “wall” galaxies (e.g. Hoyle et al. 2005) 
• maximal non-overlapping spheres (e.g. Patiri et al. 2006)
• grid based (e.g. Colberg et al. 2005)

physical



2dFGRSMillennium 
Simulation

von Benda-Beckmann & Muller 2008



Defining environment

internal processes:
• galaxy interactions within a dark matter halo
• ram pressure stripping, strangulation, harassment, ...
• mostly important for satellite galaxies

physical



Defining environment

the power of large numbers:
• 2-pt clustering - amplitude links to both environment and 
halo mass

• shape statistics - voids, filaments, sheets, clusters
• void statistics - voids can be just as clustered as clusters

statistical



Defining environment

issues:
• 2D vs. 3D
• photometric vs. spectroscopic redshifts
• dealing with selection, incompleteness and volume effects
• how empty do you have to be to be a void (δ<-0.6, 
δ<-0.9)?

• comparing different environment and void measures
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Projected large-scale structure at 0.98<z< 1.00 
From Millennium Simulation 

Chuan-Chin Lai & Lihwai Lin  

rms of δz = 0  rms of δz = 0.04  



A comment on dark 
matter halos



Do we understand dark matter 
halos?

Press & Schechter 1974

Press-Schechter theory assumption:

1. Initial Gaussian density field.

2. Density perturbations δ>δc on a given scale 
collapse into bound objects with mass M. 

3. On different scales, one can extract the fractions of 
objects in different mass ranges.



Do we understand dark matter 
halos?
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halo mass

Press & Schechter 1974



all 1011Msun halos

earliest forming 20%latest forming 20%

Do we understand dark matter 
halos? Gao et al. 2005 

(Croton et al. 2007)



Do we understand dark matter halos?
Gao et al. 2005 

(Croton et al. 2007)

This is called “assembly bias”

Clearly halo (and hence galaxy) 
formation is more complicated than 

previously thought



Is there agreement?

apply multiple environment measures to a 
common mock catalogue:

1. How do different measures of environment compare?
2. How are our end results coloured by the environment 

measures we use? 







Skibba & Sheth 2009
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Croton et al. 2005
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Cowan & Ivezic 2008



...and the story continues in the 
next lecture...


