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if the matter was evenly disposed throughout
an infinite space, it could never convene into
one mass; but some of it would convene into
one mass and some into another, so as to
make an infinite number of great masses,
scattered at great distances from one to
another throughout all that infinite space.And

thus might the sun and fixed stars be formed,
supposing the matter were of a lucid nature.

Isaac Newton 1643-1727




| do not think
explicable by mere natural causes, but am forced to ascribe it to

the counsel and contrivance of a voluntary Agent.




James Jeans (1877-1946)

All
celestial bodies originate by a process of fragmentation of nebulae out of chaos, of
stars out of nebulae, of planets out of stars and satellites out of planets.”

“From the intrinsic evidence of his creation, the Great Architect of the
Universe now begins to appear as a pure mathematician.”




imagine a physicist calculating on a cloud-bound planet and ending with the
dramatic conclusion, "What 'happens’ is the stars."

Arthur Eddington (1882-1946)

“We can imagine a physicist on a cloud-bound planet w
the stars calculating the ratio of radiation pressure to ga¢
globes of gas of various sizes, starting, say. with a globe ¢
gm., 1000 gm.. and so on, so that his sth globe contair
as a tussle between matter and aether (gas pressure anc
contest is overwhelmingly one-sided except between N¢
expect something interesting to happen.
What “happens’ is the stars.
We deaw aside the veil of cloud beneath which our phy
and let him look up at the sky. There he wall find a tho
gas nearly all of mass between his 33rd and 35th globes
i and S0 times the sun's mass.”

Sir Arthur S, Eddington: The Internal Consti




The initial mass function of stars
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What's missing?
A robust theory of star
formation
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so we use phenomenological recipes for star formation




Disk galaxies form by infall
at low z




EVOLUTION OF SPECTRAL ENERGY

STAR FORMATION RATE HISTORY OF GALAXIES DISTRIBUTION OF A GALAXY
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SFRs
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DISK MODE OF STAR FORMATION

motivated by gravitational instability of cold disks

gas surface density
. o €,
SFR  ~ (5F ) Zga:

star formation rate

Star formation efficiency
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A GLOBAL STAR FORMATION LAW

et al 2006

Log Z,. (M./pct)

SFR=0.02 (GAS SURFACE DENSITY)/t,

fits disk galaxies (& M31 complexes)



molecular fraction is regulated by turbulent pressure
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Star Formation in a multi-phase interstellar gas
/N Hot phase ~ 10° KIS H] ~ 1000K 8 H, ~ 10 — 100K
U

SFR = POROSITY x (TURBULENT PRESSURE)*-%¢




£ ; Barnes (2004
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What determines the
mass of a galaxy?

o, =Gm/e

Gas cooling time-scale

Dynamical time-scale the KEY ISSUE is
astrophysical feedback

Necessary condition for star formation is
cooling:
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Massive spheroids form by

mergers at high z
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mergers dominate

at early epochs 7 |
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Grav. instability forms massive clusters

Pile up in a massive TDG
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The biggest challenge:
16% of disks are bulgeless




Supermassive black holes
‘negative feedback
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Do AGN arise from/quench star formation ?

AGN

N

2010

Wild et al.
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Outflows from supermassive black holes quench star formation
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Supermassive black hole correlation with spheroid
velocity dispersion demonstrates coevality/quenching
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NUMERICAL SIMULATIONS OF SMBH FEEDBACK
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Supermassive black holes
-positive feedback
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connection between AGN and starbursts
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mode of global star formation?
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Why efficient formation of massive spheroids ?
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Crocco s theorem:
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The case for two modes of star formation

Specific star formation rate=SFR/STELLAR MASS

Based on data from:

I .,-" B Noeskeetal 2007
02 ¢ A Daddi et al. 2007a
| @ Stark et al. 2009
% This work
0.10 | | | | 1 | 1
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Redshift

" Gonzalez + 2009
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galaxies downsize:
another connection
with supermassive

black holes?

A cosmic clock: incorporation into stars of
debris from SNII (10° yr) vs SNI (1010 yr)







DOWNSIZING IN STELLAR MASS, 7, STAR FORMATION AND SMBH MASS
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Why down-sizing of massive spheroids and AGN’?

Bondi accretion rate

Need SMBH feeding and outflow - =+’-
to be nonlinear function of SMBH mass L )
e.g. accretion rate~ M,,;,> (Bondi) ! + .
and outflow rate~ 0.1 accretion rate T 4 )
Rl L Allen et al. 2007
. I & L 7 F jet power -
= & QSO e st 5}3* PR S —r—1— 71— PN ST S
radio luminosity *‘i‘.ﬁ& : _lig(P 10*0ergs 1y '
Merloni et al. 2003 Py Ok LI et’
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L g BH mass
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Actve galactic nuclei and quasars

-aftermath or precursor or coeval to star formation ?

. | [@ CO-detected QSOs
quenChlng [ | # Average SMG

gravity-induced
star formation

Coppin+ 2009

AGN-induced
star formation
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cold gas flows via filaments/minor mergers
lead to disk formation

low star formation efficiency

hot infall via major mergers + cooling
forms massive spheroids

high star formation efficiency rate

origin of supermassive black holes S supgrmgg;ve
intermediate mass black holes &’ block hole —induced
form in protodisks at 10*K e —

+ black hole mergers

+ SMBH grow via gas accretion

role of supermassive black holes

guenching of star formation A : -
triggering of star formation improved resolution in theory and

intracluster gas heating observation will help...




