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Why so many galaxies in so much detail ?
Galaxy evolution is the grandest of all environmental sciences. 



Are there observed environmental dependencies?

Why ?

!difficulty of defining environment !inadequacy of existing data 
!environment effects may be weak !need for new “measurables”

They struggle 
to find a strong 
environmental 
dependence 
beyond cluster 
vs. field.
 



Mean star formation rates appear
to show a trend with environment,
but this is mostly a group effect.
Lewis+ 2002; Gomez+ 2003

Scaling relations (e.g. FP) show weak 
trends with environment.
Blanton & Moustakas 2009

Scatter (e.g. mass-metallicity) may 
correlate with environment.
Cooper+ 2008

Are there well defined environmental effects over the hierarchy?

SFR vs. projected local density 



! difficulty of defining 
enviroment



What is 
environment?

(Haas+ 2011; Muldrew+ 2012; 
Blanton & Moustakas 2009) 

Statistical 
environment – 
a measure of "crowding"



How do we define physical structures?

Ideally these would be defined in terms of 
EUV/x-ray emissivity, CMB SZ or weak 
lensing signal.

But while useful for dense groups & cluster mass scales, these are much less 
sensitive to large-scale structure and low densities.

For the foreseeable future, we are limited to galaxy redshift surveys.

Physical environment – I

Dietrich+ 12



1.  Double pass friends of friends (Murphy+ 2011)
2.  Multiscale mapping (Barrow+ 1985;  Aragon-Calvo+ 2007; Smith+ 2012)
3.  Geometric classifiers (Lemson & Kauffman 1999; Sousbie+ 2008)
4.  Dynamic classifiers (Hahn+ 2007; Hoffman+ 2012)

Dynamic classifiers – Gravitational tidal tensor,
Velocity shear tensor – are the most physical 
but have not been demonstrated on data yet.

Physical environment – II
"A collection of connected points having
the same environmental attributes."
 

V G 



! inadequacy of existing data



Building on the SAMI legacy

JBH+ 11; Croom+ 12; Bryant+ 15

R ~ few x 103  (370-550 nm, 620-740 nm)
3400 galaxies with integral field spectroscopy
Target GAMA fields to bJ ~ 16.5;  mass selected

1 mm 



SAMI Survey: 1500 galaxies with 3D IFS – 2000 to go !



GAMA:  we expect 3x104 groups down to LG mass with 
complete HI follow-up (2015-18) using Dingo, Wallaby



! environmental effects may be ���
very weak



Environmental signatures – how do baryons enter or leave a galaxy?

inflow

outflow

Observables:

structural properties

baryon fraction fb

star formation history

metallicity yield Yeff

Etc.

Mo, vd Bosch & White 2010 

“Galactic engine”



    Blanton���

 

It's all about gas supply (and halo mass) across the hierarchy

Stripe 82



! need for new “measurables” in 
large surveys



Scott et al 2015



Clear variations in slow/
fast rotator fraction 
with environment.

Future papers will have 
10x more sources.



Naab+ 14 

EAGLE 
simulations 



N ~ 60,000 galaxies to detect 
spin alignment with LSS

N ~ 150,000 galaxies (Dubois+14)



Summary
A case is proposed for physical environment over statistical environment. 
We must distinguish between filaments/walls in voids (  .v > 0) and filaments in 
dense regions (  .v < 0).

We need to reach down to substantial numbers of (dwarf) void galaxies while 
retaining enough filaments, groups and clusters for intercomparisons. A full 
treatment takes us to a survey of ~100,000 galaxies.

2-4m class telescopes, supported by all-sky HI and photometric surveys, are 
needed into the next decade to tackle these issues. The AAT is building Hector 
with 3dF, 100 hexabundles, 2019 ff.

We must extract “integral field observations” matched to SAMI of ~105 galaxies 
and measure key parameters. This work has
now started (Naab+ 14; Dubois+ 14).

Dubois+ 14 


