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As to your first query, it seems to me that if the matter of our sun
and planets and all the matter of the universe were evenly
scattered throughout all the heavens,and every particle had an
iInnate gravity toward all the rest, and the whole space
throughout which this matter was scattered was but finite, the
matter on the outside of this space would, by its gravity, tend
toward all the matter on the inside and, by consequence, fall
down into the middle of the whole space and there compose
one great spherical mass. But 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.

December 10, 1692



But how the matter should divide itself into two sorts
and that part of it which is to compose a shining boc
should fall down into one mass and make a sun and

therest which Is to compose an opagque body shoulo
coalesce, not into one great body, like the shining
matter, but into many little ones; or If the sun at rest

were an opaque body like the planets or the planets

lucid bodies like the sun, how he alone should be
changed into a shining body whilst all they continue
opaque, or all they be changed into opaque ones

y

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

the counsel and contrivance of a voluntary Agent.

December 10, 1692



James Jeans (1877-1946)

“From the intrinsic evidence of his creation, the Great Architect

of the Universe now begins to appear as a pure
mathematician.’’



James Jeans:

"We have found that as Newton first conjectured,
a chaotic mass of gas of approximately uniform
density and of very great extent would be
dynamically unstable: nuclei would tend to form
In it, around which the whole matter would
eventually condense. 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."

Criterion for gravitational stability found by Jeans (1902):

pressure opposes collapse: sound waves must cross
region to communicate pressure changes before collapse



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

Art hur Eddi ngt on (1882

“We can imagine a physicist on a cloud-bound planet who has newve
the stars calculating the ratio of radiation pressure to gas pressure
globes of gas of various sizes, starting. say. with a globe of mass 10
gm., [0 gm.. and so on, so that lis nth globe contains 107 gm
as a tussle between matter and acther (gas pressure and radiatio
contest is overwhelmingly one-sided except between Nos. 33-35,
expect something interesting to happen.
What “happens’ is the stars.
We draw aside the veil of cloud beneath which our physicist has been working
and let lum look up at the sky. There he will find a thousand million globes of
gas nearly all of mass between his 33rd and 35th globes - that is to say, between
i and 50 times the sun's mass.”

Sir Arthur 5, Eddington: The Internal Constitution of the Stars, 1926




Keys to Star Formation == RPSEYINTE

 Fundamental theory applied to collapsing \ /'
Interstellar cloud implies minimum fragment mass

e arobust but wrong result!~ aj”zmp ~0.01M 4
. resolution: accretion of cold gas
1\¥ ~V G = first stars were massive Bonnell+2008

. halted by feedback : taps stellar energy via MH
turbulence

e In addition IMF most likely also involves
continued fragmentation

densnty

~NGC1333: Quillen+2006
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THE MYSTERY OF GALAXY FORMATION




Initial density fluctuations are needed

Naive expectation :
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Structure formation is bottom-up




BOT TOMi UP CONFI RMED

gravitational instability hypothesis Sp/p ~ M~ - 239
confirmed by CMB fluctuations oT/T

~#in .

2 Fin
A 3 T
. .‘fé(}‘:‘ J’-’f P

",_l LRI T LI IIII - - 1 T 1 IIIIII Ir 1_[:;—1115;71 R
1 e E
(& ~I® Observation i -
\ =% 0.1 i —
(\':F or 2
i
° v 0.01 & .
o ¥ o E slntergalacti lumpsi N\ :
& C ntergalactic gas clumping ]
fo L— [ | i N ]
| 1990 - = Gravitational lensing 7
%0 9% (§80 0.001 £ . E
2 ® SDSS galaxy clustering 3 5\
- #Cluster abundance :}/"
- ! - @Q
0001 - ®Cosmic Microwave Background -
A _Llllll.l 1 L1 llllll 1 1 lll.llll L 1l 1 llllll 1 L1 lLl.LL]. —
10 100 1000 10000 108

Scale (millions of lightyears)



EVOLUTI ON OF SPECTRAL ENERGY
TAR FORVATI ON RATE HI STORY OF GALAX| ES DI STRIBUTI ON OF A GALAXY

(o) Bruzual and Charlot 2004
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DISK MODE OF STAR FORMATION
motivated by gravitational instability of cold disks

star surface density gas surface density
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SFR

Star formation efficiency
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A GLOBAL STAR FORMATI ON LA

assume SFR = const X py, in cells with f,,>0.1
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Star Formation In a multi-
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RNOVA FEEDBACK | N A I\/ULTI PHASE
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‘ What determines the

heory (CDM notivate

L -3, | mass of a galaxy?
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Supermassive black holes and galaxy spheroid formation
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Why efficient formation of massive spheroids

« assume AGN-driven outflows trigger star formation

Star formation rate Is boosted by fact
due to AGN triggering of supernovae

Why down-sizing of massive soheroids and AGN?

* Need SMBH feeding and outflow 7 _
to be nonlinear function of SMBH massaf - + :F#
e.g. accretion rate~ Mq,g> (Bondi) it

and outflow rate~ 0.1 accretion rate
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LETS BLAME THE SUPERMASSIVE BLACK
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AGN-an aftermath or

orecursor to star formation?
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Basic paradigm: baryons dissipate in halos
of weakly interacting Cold Dark Matter

e At s O, A great success for

large-scale structure

Springel, Frenk &
White 2006

But problens arise on yovead e e
gal acti c scal es:

over abundance of
satellites

observed cores i n dark
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DARK MATTER IS CHALLENGED BY
COSMOLOGY

RESURRECTION VIA FUNDAMENTAL PHYSICS?

« MODIFYING THE NATURE OF DARK MATTER?
e MODIFYING GRAVITY?

RESURRECTION VIA ASTROPHYSICS?

« FEEDBACK FROM SUPERNOVAE / SUPERMASSIVE
BLACK HOLES / DYNAMICAL HEATING
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Resolving the CDM dwarf excess with SN feedback
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A UNI FI ED THEORY
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