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Not everything that counts can be counted, and not everything that can be 
counted counts.    A.E. 

Survey information: www.astro.ljmu.ac.uk/~ikb/ 

+ 



The technological evolution continues…	


	


Before the end of the decade, we will have 100,000+ galaxies 
with spatially resolved optical, HI kinematics…	



SAMI survey @ AAT 
cf. Manga 



Galaxy studies are an environmental science: ���
 but are there observed environmental dependencies?	



	


Why ?	


I will return to this question.	



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 



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



inflow	



outflow	



Observables:	


	


structural properties	


	


baryon fraction fb	


	


star formation history	


	


metallicity yield Yeff	



Mo, vd Bosch & White 2010 

“Galactic engine”	





	


    Blanton���

 

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



Stripe 82	





Big questions 

•  How does gas get into / out of galaxies ?	


•  How does baryon fraction vary with environment ?	



•  How do galaxies get their spin ?	



•  How are galaxies shaped by their environs at different epochs ?	



•  How and when was the present Hubble sequence established ?	





Gas in… 



galaxy not to scale 

Galactic, group or cluster accretion   (1950-1990)	


Spiegel 1966; Larson 1969	


Ruderman & Spiegel 1971	


Hunt 1971, 1979	


Shima+ 1985	


Portnoy+ 1993	



 

Accretion in three parts:	


	


a.   cylindrical (sweeping up)	


b.   spherical (gravitational)	


c.   Bondi-Hoyle (tail shock)	
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Cold, cool, warm flows 
(1990-2015)	



	


Is there a critical halo mass	


above which hot accretion 
dominates? (Binney; Silk; Rees)	


	


Not at all clear (Nelson+13)	





But few if any galaxies resemble gas flow simulations 	





Galactic accretion with vorticity & helicity   (2011-2015)	



Spinning up haloes	


Spin-aligned galaxies	



Paris/Oxford group:	


Pichon; Codis; Laigle; Dubois; Slyz; 
Welker; Sousbie; Powell; Tilsson; Kimm	





Gas out… 
 

(observed winds are not evidence for escape!) 



Grcevich & Putman 2009 

Gas depletion profiles are evidence for gas loss across an 
entire population… 
 

All groups with good data (e.g. M81) show much the same 

HI content of Local Group (MW+M31 combined) 
 



M81 group: Higher gas fraction and shallower depletion profile  



M81 group more gas rich at all radii, 	


all masses (same mass cut off, Mv = -10)	



Becomes steeper 
and deeper with 
cosmic time…	



There are clear differences in HI mass between comparable mass 
groups, but this may reflect different stages of evolution (not  fb)	





Big questions 

•  How does gas get into galaxies ?	


•  How does baryon fraction vary with environment ?	



•  How do galaxies get their spin ?	



•  How are galaxies shaped by their environs at different epochs ?	



•  How and when was the present Hubble sequence established ?	





McGaugh+10 

Well established baryon 
fraction variations with total 
mass. 
 
 
 
 
 
 
 
 
 
 
 
 
The scatter is worse than shown here. 



Galaxy clusters 

Hard to interpret but big 
scatter in lower mass clusters, 
clear variations even in higher 
mass clusters.	


	


The scatter is more extreme in 
groups but even harder to 
interpret.	



Sun+ 09 



Cosmological – intrinsic	


	



•  inhomogeneous BBNS (review: Malaney & Mathews 1993)	


•  baryon-CDM isocurvature (review: Gordon & Lewis 03)	



	


Cosmological – dynamical	


	



•  asymmetric collapse (Pichon+11; Kimm+12)	


•  time delay (McBride+09; Boylan-Kolchin+10)	


•  large-scale vorticity (Zhu+10)	



	


	


But are such variations observed?	


	


Only in special cases due to interaction.	


	


	



Variations in baryon fraction across large-scale structure ?	


Variations in fb ~ 5% leads to only σ8 ~ 1% 
variation in matter power spectrum.	





Can we separate dark matter + baryons through asymmetric	


collapse? 	

 	

Pichon+11; Kimm+11; Codis+12;  Tilsson+13	



Sheth & vdW 2004 



1D toy model	



Rule: when gas sheets cross, they stick while 
conserving momentum & mass. 



Environmental signatures – how baryons enter a sheet, filament, group or cluster?	



symmetric asymmetric 

cosmic time 	



xgas & vgas depend weakly on fb	





GADGET+SPH 

The effects of asymmetry are weaker in 3D	



symmetric asymmetric 



GADGET+SPH 

Two effects are evident:	


1. Gas and DM separation is much weaker in 3D shown here	



2. Gas+DM exhibits strong systemic (barycentric) drift	





Conclude: ���
���
I cannot motivate a major new survey based on large-
scale baryon/DM separation (except for well-established���
depletion profiles in groups, clusters) ���
���
To detect subtle variations with local environment will 
inevitably require a large survey sample, and new ���
physical parameters.  ���
���
	





Are there observed environmental dependencies?	



Why ?	


This may reflect (i) difficulty of defining environment;  (ii) inadequacy	


of existing data.	



They struggle 
to find a strong 	


environmental 
dependence 
beyond cluster 
vs. field.	


 



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 



Future innovative surveys:���
radio, optical (105-6 galaxies; z < 0.2)	



Motivation:	


	


Distribution and kinematics of cool gas	


Distribution and kinematics of stars, warm gas	





The ASKAP PAF – a new radio camera 

April 2011: Front view & rear view of the ASKAP PAF 

 
   PAF = Phased Array Feeds (checkerboard array: 188 elements) 
   Beamformer: creates up to 36 beams, each 1.2 deg FWHM 
   resulting field of view is 30 square degrees (5.5 deg  ×  5.5 deg) 

 



•  e.g., 8h integration time   
       5σ MHI limit 

= 5 x 106  M   (D =   10 Mpc)  
= 5 x 108  M    (D = 100 Mpc)  
= 3 x 1010 M   (D = 800 Mpc) 
 

•  10” beam  
=      0.5 kpc     (D =   10 Mpc)  
=      5  kpc       (D = 100 Mpc)  
=    39  kpc       (D = 800 Mpc) 
 

•  30” beam  
=      1.5 kpc     (D =   10 Mpc)  
=    15  kpc       (D = 100 Mpc)  
=   116 kpc       (D = 800 Mpc) 

 

M 
83 

UGCA 365 

WALLABY –  sensitivity & scales	



M 83  
(D = 4.5 Mpc) 

Koribalski & Staveley-Smith 

600,000 HI sources to z ~ 0.2	





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





Sydney-AAO Multibundle Instrument – SAMI	



Croom+ 2012	



R ~ 5000  (370-550 nm, 620-740 nm)	


3400 galaxies with integral field spectroscopy	


Target GAMA fields to bJ ~ 16.5;  mass selected	


First release in July 2014	



1 mm 



G. Cecil 

Gas 

SAMI: We now have 1000+ data sheets like this…  



Clear variations in 
slow/fast rotator 
fraction with 
environment.	


	


Next paper will 
have 10x sources	





Random selection 
of SAMI stellar 
kinematics.	


	


You can almost do 
this by eye!	


 

Angular momentum 
variations will be 
targetted in the next 
generation of surveys 



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



N ~ 150,000 galaxies (Dubois+14)	





Hector - starbug positioning of 100 bundles	





	


    Blanton���

 

Mass selection range specified by GAMA g-i or  VISTA J 
Hector to provide kinematics, radial properties (e.g. SFR), asymmetries 	


(complemented by HI)	



Hector survey fields – need sample density to be at least as good 
as this…	


	


STRIPE 82: 	

16000 galaxies to r ~ 17.7 (3o thick)	


 

Goal: to understand how angular momentum is distributed across the hierarchy, 
and its relation to local and global properties.	





Hector survey size N


We propose to carry out a densely sampled, volume limited survey.	


	



Local density δL = 3 x 5 bins	


Galaxy mass M = 10 bins	


Galaxy inclination i = 5 bins	


Redshift interval Δz = 3 bins	


Galaxies per bin ρ ~ 30	


	


	

N ~ 3 x 5 x 10 x 5 x 3 x 30 ~ 100,000 galaxies	



	


Note 1    Local density δL covers 5 classes at three different densities: 	


voids Vi, sheets Si, filaments Fi, groups Gi and clusters Ci 	

	


	


Note 2     ρ is large because every SAMI galaxy is complex (kinematic 
anomalies, disk-halo interaction, variable gas & dust, bars & warps)	


	





How do we assess environmental impact?


Step I – carry out densely sampled, volume limited survey	


	



Step II – classify galaxies into filaments Fi defined with respect to 	

 
	

   local mean density δL,   sheets Si with respect to δL ...	



	


Step III – compare filaments Fi at a fixed δL,   sheets Si at a fixed δL ...	


	


Step IV – stack filaments Fi at a fixed δL,   sheets Si at a fixed δL ...	


	


Step V – compare F = Σ Fi  across all δL,   S = Σ Si  across all δL ...	



It is not clear whether we should do any of this in a fixed mass range.	





Summary	



A case is proposed for physical environment over statistical environment. 	


We must distinguish between filaments 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.	


	


Simulations will need to extract “integral field observations” matched to SAMI of 
~105 galaxies and measure key parameters.	



Dubois+ 14 



 anag. Estonia 


