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Overview

Collapsed baryons (18%)
Uncollapsed baryons (82%)

2012 baryon census

. Galaxies

« Cold gas collapsed

e ICM

«  CGM transition

e LyaF

* WHM uncollapsed

e ?missing !

The way forward
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Collapsed baryons — the story of galaxy formation over cosmic
time

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, A starts to dominate
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Uncollapsed baryons — a different set of problems

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 ?

Whereabouts, Physical State and Metallicity Cervia-Milano Marittima
of the Missing Baryons in the Local Universe 27-30 May 2012



e

* Whereabouts, Physical Stete and’Metaflicity
“ofthe Missing Baryons iR the‘Local Universe

[
. -

WHIM

WMAP (komatsu+ 2009, 201 1y

Q, = 0.0455 + 0,003 %

0. =971 x 10%° g cm? hy? o

0, =424%x 10 gcm®h2 (R, p.) 3 A

£ =0.167 = 0006 (Q./ Qo) ; o iy
(n) = 190 x 107 cm (@, p,/(1+Y,)m,) i e &
;‘YP‘ = 0.248 |3 =ny/(ny - | dimensionless overdensity

t | Galaxy 8 ~ 500 ~50 kpc (MS)

o 5~ 10 ~300 kpc (XUV ab)

d > 500 ~0.5-1 Mpc (X em)
d > 100 ~ -2 Mpc (XUV ab)

| <8< 100 ~3Mpc (XUV ab)

s 3

. A

o W




WHERE DID THE MATTER GUO7

Betrayed by
Its Shadow

Astronomers think they may have found where the bulk
of the normal matter in the universe lurks: not in galaxies
but in a form of intergalactic gas (mostly hydrogen)
called the warm-hot intergalactic medium, or WHIM.
The name connotes that the gas is less than blazingly
hot and, consequently, glows too feebly to see directly.
Looking in the interstices of a giant filament of galaxies
called the Sculptor Wall, astronomers saw, in essence,
the WHIM's shadow: the gas absorbed x-rays from a
background object at a distinctive wavelength.

absorption by gas
in Sculptor Wall




HST COS UV spectroscopy
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Baryon census (z~0)

WARNING:
fixed cosmic abundances

missin
29+13%

galaxies
7+27%

GM 5+3%

ICM 4+1.57%

Most recent summary
from Shull+ 2012 cold gas 1.7+0.47%



GALAXIES (7%)

Barge galaxy surveys of the local

universe — 2dFGRS, SDSS, MGC, GAMA
(e.g. Baldry+12)

GF favourssdisks over spheroid
2:| (Driver+07; cf. FHP96)
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Cold gas (2%)
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COLD GAS (2%)

THE 1000 BRIGHTEST HIPASS GALAXIES: THE H 1 MASS FUNCTION AND Qy,

M. A. ZWAAN,' L. STAVELEY-SMITH,” B. S. KORIBALSKI,> P. A. HENNING,? V. A. KILBORN,* S.D. RYDER,? D. G. BARNES,

1

R. BHATHAL,S P.J. Boyce,” W.J. G. pE BLok,® M. J. DisNEY,® M. J. DRINKWATER,” R. D. EKERs,? K. C. FREEMAN,!?

B.K. GisoN,'! A.J. GreeN,'? R.F. HaynEs,” H. JERJEN,!? S. JUrRAszEK,'? M. J. KESTEVEN,? P. M. KNEZEK, "
R. C. KRAAN-KORTEWEG,* S. MADER,2 M. MARQUARDING,2 M. MEYER,! R. F. MincHIN,® J. R. MouLp,!3
J. O’BrieN,!? T. O0sTERL0O,!® R. M. PrICE,> M. E. PUTMAN,!” E. RYAN-WEBER,!? E. M. SADLER, 2
A. SCHRODER,'® 1. M. STEWART,'® F. STo0TMAN,® B. WARREN,'? M. WauUGH,!
R.L. WEBSTER,! AND A. E. WRIGHT?
Received 2002 December 3; accepted 2003 February 19

A

We present a new, accurate measurement of t
Galaxy Catalog, a sample of 1000 galaxies with
hemisphere. This sample spans nearly 4 orders o
10.6] and is the largest sample of H 1-selected ga
technique to measure the space density of galaxi
effects of large-scale structure. The resulting H 1
function with faint-end slope o = —1.30. This sl
late-type galaxies giving steeper slopes. We exten:
tion of the H 1 mass function, including peculiar 1
inclination effects, and we quantify these biases.
ment of the cosmological mass density of neutral
galaxies contribute only ~15% to this value, cons

corrected for cold He I, H, (FP04)
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A Heavy Baryonic Galactic Disc

COLD GAS (2%) J. I. Davies

School of Physics and Astronomy, Cardiff University,
The Parade, Cardiff CF24 3AB, UK,
(Jonathan.Davies@astro.cf.ac.uk)

April, 2012.

missing H, ? Abstract
We investigate the possibility that the observed rotation of galaxies can be ac-
counted for by invoking a massive baryonic disc with no need for non-baryonic
dark matter or a massive halo. There are five primary reasons for suggesting
this possibility. Firstly, that there are well known disc surface mass density
distributions that naturally produce the observed rotation curves of galaxies.
Secondly, that there are a number of rotation curve ‘puzzles’ that cannot be ex-
plained by a massive dark matter halo i.e. the success of maximum disc fitting,
HI gas scaling to the observed rotation, the disc/halo conspiracy and the inter-
pretation of the Tully-Fisher relation. Thirdly, recent 21cm observations show
an almost constant HI surface density and a distinct ‘cut-off’ or edge to galactic
discs. We explain this constant surface density in terms of either an optical
depth effect or the onset of molecular gas formation and hence the possibility
of considerably more gas existing in galaxies than has previously been thought.
We suggest that the HI cut-off does indeed mark the edge of the galactic disc.
Fourthly, there have recently been an increasing number of observations, most
importantly ~-ray observations, that imply that X-p may be ten times higher
in the outer Galaxy. This ‘dark’ gas may provide adequate mass to account for
galaxy rotation. Finally, we show that the additional baryonic mass required to
account for the rotation of galaxies is just that required to reconcile observed
baryons with those predicted by big bang nucleosynthesis without having to
invoke a massive warm inter-galactic medium. We reconsider Mestel’s ideas
about the collapse of isothermal and constant density spherical clouds and show
that these can be simply used to successfully model the rotation of galaxies.
Mestel discs can also be used to straight forwardly explain the scaling laws of
galaxies, particularly the observed relation between rotation velocity and radius
and the oft used Tully-Fisher relation. Thus the observed gross properties of
disc galaxies can be explained by the monolithic collapse of baryonic gas into a
rotationally supported disc. We discuss observations of the baryonic content of
galactic discs and where sufficient ‘hidden’ baryons might be found to account
for the rotation.

arXiv:1204.4649v1 |astro-ph.GA] 20 Apr 2012
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H+ is found beyond the HI edge consistent with
low column HI being ionized by an external medium

OH SW3
20 geo Ha
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These are very time-consuming observations.

JBH, Freeman & Quinn 1997
Christlein, Zaritsky & JBH 2010




COLD GAS (2%)
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‘NGC 3412 | | .- | Renzo Sancisi - Filippo Fraternali -
‘ . . RIRA IR Tom Oosterloo - Thijs van der Hulst

Cold gas accretion in galaxies

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

Primordial HI clouds
(cf. Blitz+99) or tidal
iInteraction ?

Leo Ring
(Schneider+81) -

COLD GAS (2%)



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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Do cold flows exist! Are they figments of our imaginative
simulations?

Keres+ 2005, 2009
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Discovery of a very extended X-ray halo around a

quiescent spiral galaxy — the “missing link” of galaxy

Pedersen+ 06: Rasmussen+ 06

not confirmed
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Detection of a Hot Gaseous Halo Around the Giant Spiral Galaxy (2011)

NGC 1961
V.t~ 400 km/s

Michael E. Anderson’, Joel N. Bregman'

Al 10 p TR S ———r
P— o 10528
e 10529
| . ° 10530
: [
Hot gaseous halos are predictec o o 10531

important for our understanding of
detected at distances beyond a fev
Chandra ACIS-I instrument to sear
candidate galaxy: the isolated gian
rants around the galaxy for 30 ks
point source emission, and found d:
50 kpc. We fit S-models to the emis
kpe of 5 x 10° M. When this profile
virial radius), the implied hot halo 1 10710
assume a gas metallicity of Z = 0.5, radius (kpc)

Of gas, but falls Slg‘mﬁca.ntly b810“ Fig. 5.— Log-log plot of radial surface brightness profiles for all four observations. The black
searches, and suggests that NGC 1  dashed line is the estimated contribution of stars, and the colored dashed lines are the estimated

o . ‘ contributions of X-ray binaries. The colored data points are the surface brightness profile with
t'he COsSImIC mean, WhICh WOUld tent. resolved and unresolved point sources subtracted. Unlike Figures 3 and 4, we have not subtracted

b aryon Tully-Flsher rel ationship Of the sky X-ray background from the surface brightness profile. The smoothed sky X-ray background
is indicated by the four dotted colored lines. We detect emission above the background out to 40-50

gas is no more than 0.4 My /year,  kpc which is more spatially extended than the other galactic components.
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see also Dai+12 (UGC 12591; V,,,~ 470 km/s)



Circumgalactic media (5%)

Lya halos at z~3 — 92 LBGs stacked

Steidel et al. b (arcsec)
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Mass vs Temp calibration
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Baryon fractions in gsroups & clusters

0.2

fgos, 2500

0.05

0.02

1013 M, Toog (keV) 1015 M,

Whereabouts, Physical State and Metallicity
of the Missing Baryons in the Local Universe

Z (solar)

Sy (cnts/s/kpcz)

1.5

1077 1076

1078

IIII T T T
NGC1550 ]

1 10 1
Radius (kpc)

00

groups

K
v

[ NGC 6269

20 50 100 200
Radius (kpc)




Baryon fractions down to galaxy masses
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Large-scale shocks associated with accretion onto A3376
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WARM GAS IN THE VIRGO CLUSTER: I. DISTRIBUTION OF Lya ABSORBERS

Joo HEON YOON'*, MARY E. PuTMAN', CHRISTOPHER THOM?, HSIAO-WEN CHEN®, GREG L. BRYAN'
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The first systematic survey has found warm gas at the outskirts of the Virgo cluster

(100%; Ny, > 10'3 cm-2) — circumcluster medium ?
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The intergalactic medium:
sheets, filaments & voids
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collisionally ionized
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Danforth & Shull 05,08
Thom & Chen 08
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energy bands & diagnostics
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The way forward
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The way forward —

QSOs behind MWV analg

Galaxy And Ma
Milky-Way Mag

A.S.G. Robotham®?*,

P. Norberg®, A.E. Bault

A.M. Hopkins’, S. Phi

MWA (+LMC)
MWA (+LMC+SM

Interestingly, most 3

Whereabouts, Physical State and Meta
of the Missing Baryons in the Local Uni

\

-417.9 Km/s




Filaments in voids are now seen in redshift surveys

_STRIPE 82. | 6000 galaxies to r ~ 17.7 (3° thick)
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How does gas move out of voids?

= -
-2 A T

u PN

h-! Mpc

h-t Mpc

h-t Mpc

Sheth & van de Weygaert 2004



How do galaxies mess things up?

inflow

baryon fraction f

star formation
history b

metallicity yield Y g

structural properties
outflow
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Accretion & feedback is still ongoing across the hierarchy... '
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Summary

| 59 baryons collapsed (GF is an inefficient & complex process);
85% baryons uncollapsed, half still missing.

VWe 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.

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

Whereabouts, Physical State and Metallicity Cervia-Milano Marittima
of the Missing Baryons in the Local Universe 27-30 May 2012
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