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Where did large scale structure (e.g.,
galaxies, clusters, larger-scale
clustering) come from?

explosions Late-time phase transitions

Superconducting nsmic strings

Cosmic strings te. xtures

Global monopoles h 4
~nfi pi.gase transitions

Isocurvature CDM per urbatiois Seed models

Primordial adiabatic per* riations
.socurvature baryon perturbations

Rolling scale.” f1elds Loitering universe



Where did large-scale structure (e.g.,
galaxies, clusters, larger-scale
clustering) come from?

Post CMB:

gravitational infal
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STOCHASTIC GRAVITATIONAL WAVE
BACKGROUND with amplitude «<E; ¢







Detection of ultra-long-wavelength GWs from

use plasma at CMB surface of last scatter

as sphere of test masses.

Inflation
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Temperature pattern produced by one
gravitational wave oriented in z direction
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Density perturbations

Inflation predicts
stochastic bac



Detection of gravitational waves with
CMB polarization

Temperature map: Tfﬁ,)
Polarization Map: ﬁ(ﬁ,) —VA+V xB

Density perturbations have no
so they cannot produce a p

Gravitational waves
can (and do) prod







Recall, GW amplitude is o«E; +°

infl

GWs = AT
And from COBE, E; 4<3x10'® GeV

GWSs = unique polarization pattern. Is it detectable?

If E<<10%°GeV (e.g., if inflation from PQSB),
then polarization far too small to ever be detected.

But, if E~101-16GeV (i.e., if inflation has
something to do with GUTS), then polarization
signal Is concelvably detectable by Planck
or realistic post-Planck experiment!!!



(Kesden, Cooray, MK 2002;
Knox, Song 2002)

To go beyond Planck, will require
high resolution temperature and
polarization maps to disentangle
cosmic shear contribution to curl
component from that due to
inflationary gravitational waves.
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How do we tell if primordial perturbations were Gaussian??

How do these different avenues compare

For just about any nonGaussianity with long range
correlations (e.g., from topological defects

or funny inflation), CMB> LSS (Verde, Wan
Heavens & MK, 2000).

Cluster and high z abundance
at probing nonGaussianity
defects than CMB/LSS
best probe of that fr
(Verde, Jimenez, M



Inflation: What Else?

Clumpiness

In the Galact

cluster

Cumulative number of halos
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Why are there so many more dwarfs predicted than observed?

-Are there but gas has been blown out? probably not

-Even If gas has been blown out and baryons remain dark,
IS difficult to see how disk could have formed in strongly
fluctuating potential of such a clumpy halo.

Possible resolutions:

-Self-interacting dark matter (Spergel&Steinhardt 1999
....requires very unusual particles (elastic-sca
cross sections more than 101° annihilati

‘Very low-mass scalars or generalized d

(e.g., Sahni&Wang 1999)
Power suppression on small sc
...probably suppress

too much for L



Another possible resolution:
Power suppression on small scales from inflation

with broken scale invariance
MK&Liddle, PRL 84, 4525 (2000)
In inflation, amplitude of density perturbation on some
comoving scale is proportional to V32/\", where V is
the inflaton-potential height, and V" its derivativ
respect to the inflaton. Thus, a break in the
inflaton potential could yield a suppressi
on small scales

V(9)
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Turnaround

Moore et al, 1999



Standard
CDM

Power
suppressed

on small scales

Turnaround Today

Moore et al, 2000



One more time...

CMB suggests we're on the right track with inflatio

Further tests possible with CMB polari
large scale structure, and pro



CMB < clusters,

f high-z gal

Galaxy
surveys




