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Missing in action: 	

Baryon census (2012) of the local universe ���
Joss Bland-Hawthorn ���
University of Sydney 
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Collapsed baryons (18%)	


Uncollapsed baryons (82%)	


2012 baryon census	


•  Galaxies	

•  Cold gas	

•  ICM	


•  CGM	


•  LyaF	

•  WHIM	

•  ? missing ? 	


The way forward	


Overview	
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collapsed	


uncollapsed	


transition	
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    3000 > z > 1100,  baryonic structure wiped out, DM structure remains 	


    z ~ 1100,  baryons respond to DM (CMB)	


    z ~ 200,  baryons accrete onto DM minihalos	


    z ~ 30,  first stars in DM minihalos	


    z ~ 10,  reionization – first galaxies in DM minihalos	


    z ~ 3,  "golden age" of accretion onto DM halos	


    z ~ 0.5,  end of DM era,  Λ starts to dominate���

Collapsed baryons – the story of galaxy formation over cosmic 
time	
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How do baryons decouple from dark matter ? 	


How do baryons move out of voids into filaments and sheets ?  	


How do baryons get into clusters, groups and galaxies ?	


How do galaxy processes mess things up ?	


Where are the missing baryons ?	


Uncollapsed baryons – a different set of problems	
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HST COS UV spectroscopy 
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Baryon census (z~0) 

WARNING: 
fixed cosmic abundances 

Most recent summary  
from Shull+ 2012 
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GALAXIES (7%)	


Large galaxy surveys of the local
 universe – 2dFGRS, SDSS, MGC, GAMA	

(e.g. Baldry+12)	


GF favours disks over spheroids 	

 2:1 (Driver+07; cf. FHP96)	
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Cold gas (2%)	
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COLD GAS (2%) 

corrected for cold He I, H2 (FP04)	


Confirmation:  ALFALFA survey (Darling+11)	
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COLD GAS (2%) 

missing H2 ? 
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H+ is found beyond the HI edge consistent with���
low column HI being ionized by an external medium	


JBH, Freeman & Quinn 1997	


Christlein, Zaritsky & JBH 2010	


These are very time-consuming observations. 	
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Chynoweth+07	


COLD GAS (2%) 
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Leo Ring	


(Schneider+81)	


Sancisi dictat:  All cold gas is
 associated with galaxies
 (i.e. dark matter)	


COLD GAS (2%) 

Primordial HI clouds 	

(cf. Blitz+99) or tidal	

interaction ? 	
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Circumgalactic media (5%)	


− the new frontier −	
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CGM − Why the new frontier?	


It may soon be possible	

to resolve how gas gets	

into galaxies:	


Coherent flows?	


Cosmic rain?	


Something else?	
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    Keres+ 2005, 2009 ���

Do cold flows exist? Are they figments of our imaginative 
simulations?���
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Pedersen+ 06;  Rasmussen+ 06	


not confirmed	
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This appears to be first reliable
 detection in emission after the Galaxy 

see also Dai+12 (UGC 12591; Vrot ~ 470 km/s) 

Vrot ~ 400 km/s 

(2011) 
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Circumgalactic media (5%)	

Lyα halos at z~3 – 92 LBGs stacked	
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Circumgalactic media (5%)	
See also OVI absorbers in the Galaxy (Richter+09) 

OVI absorbers in  
z=0.1-0.4  
L★ galaxies 

(Tumlinson+11) 
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OVI emission	


Most of  WHIM
 below 0.1 kLU	

(Marcolini+05)	
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Perseus 

INTRACLUSTER MEDIA (4%)	
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Mass vs Temp calibration	
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1013 Mo 1015 Mo 

Baryon fractions in groups & clusters	


groups 
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Baryon fractions down to galaxy masses	


Dai+ 2012 
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Large-scale shocks associated with accretion onto A3376  
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2012 

The first systematic survey has found warm gas at the outskirts of the Virgo cluster 	

(100%; NHI > 1013 cm-2) – circumcluster medium ?	


Rvir=1.6 Mpc 
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The intergalactic medium:���
sheets, filaments & voids	
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WHIM: large-scale shocks	


vs < 150 km s-1	


Ts < 105 K	


vs > 700 km s-1	


Ts > 107 K	


Kang+ 2005	
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Tilton+12:	

integrated to log NH > 12.5	

rises to 31% if down to 12.0	


Richter+04,06	

Lehner+06,07	

broad Lyα absorbers	


Tripp+06,08	

Danforth & Shull 05,08	

Thom & Chen 08	

really need e.g. Ne VIII	


collisionally ionized	


missing phase e.g.
 hotter WHIM?	
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energy bands & diagnostics	


shull+12 
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The way forward	
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The way forward – targetted environments	

QSOs behind MW analogues are hard to find; MMAs should be easier.	


in press	


MWA (+LMC) 	
 	
11.9%	

MWA (+LMC+SMC) 	
3.4%	


Interestingly, most are within 2 Mpc of a LGA (2 spirals+dwarfs)	
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    Blanton���

M★ from GAMA g-i or  VISTA J	


Filaments in voids are now seen in redshift surveys	


STRIPE 82: 	
16000 galaxies to r ~ 17.7 (3o thick)	


Filaments in voids (  .v > 0) are expected to be physically 	

distinct from filaments in dense regions (  .v < 0)	
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How does gas move out of voids?	


Sheth & vdW 2004 Sheth & van de Weygaert 2004 
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How do galaxies mess things up?	


inflow	


outflow	


baryon fraction fb	


star formation
 history b	


metallicity yield Yeff	


structural properties	
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    Blanton���

Accretion & feedback is still ongoing across the hierarchy...	
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Summary	


15% baryons collapsed (GF is an inefficient & complex process);	

85% baryons uncollapsed, half still missing.	


We need to understand the physical state of each gas phase before
 talking about a complete inventory (e.g. CGM inflow? outflow?).	


We know little about the dynamics of gas flows onto mass structures
 on any scale, although there may be some evidence that these
 processes are now being observed. Most of the action was at high
 redshift but the same processes are still ongoing.	


We need targetted surveys, e.g. MWA, void filaments, differential
 analysis of inside/outside virial radii (galaxies, groups, clusters).	
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