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Applicaions of Secondary*

Eff ects
C

— Clean out scalar B mode to recover tensor signal
— Cross—correlate with other tracers of large—scale sructure

— Measure dark energy by seeing evolution of power spedrum
amplitude from ealy timesto late times

« SZclusters f,, dN/dz, P(k, z),

* DiffueSZ = o, andC¥ Doy

* Reionizaion i
Probe degoer into the dark ages than
with GP troughs in quasar spedra.
* Any alteration/creaion of CMB anisotropy after last—scatering and
the onset of matter--domination
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Lensing
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Harmonic effects of lensing:
1) creates B out of E (and vice—versa)
2) leads to correlation between & and a. proportional to ¢,
Use to build estimator for §0

E ., >2x10" GeV Knox& Song, PRL (2002 ; Kesden etdl. PRL (20(2)
Lensing Application | Detecting
Tensor Perturbations

Hu and Okamoto,

202 lensing _

potential _Lens ng—

reconstruction induced scdar
B mode

The“B mode”

polarization pettern Residual

isnot generated by scalar B mode
scalar perturbations power

in linear perturbation
theory.
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Lensing Application|l: Cross—
correlate with ather tracers of
|arge—scal e structure

1) Lensing generated by large—scale structure
over awide range of redshifts between here and
last—scatering with peek contribution near z ~
2. Therefore correlates with many other trace's
of this large—scale structure.

Far—infrared background (and its fluctuations)
also arises over awide range of redshifts.
Fluctuations can be related to those of the dark
matter via ahalo model.

FIRB/Lensing Cross—correlation
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L ensing-—-~1RB Cross--
correlation

Error bars are
for Planck
observations of
cleanest 10% of
the sky. They
include effects
of galactic dust
contamination.

Lensing Application I11: Study
evolution of growth factor from
z=1100toz=0.5t0 3

* Primary CMB measurements will provide
high—precision measurement of fluctuation
amplitude at z=1100.

» Lensing power spectrum can provide
high—precision measurement of fluctuation
amplitude averaged over z=0.5to 3.

« Combine to study evolution, constrain dark
energy

Lloyd Knox, UCD (KITP New Cosmology Conference 8/20/02)
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Varyingw from-1to-0.4a fixed A, n,,0,, thz, Qbh2

Lensing power

Angular size of
sound horizon

Defledion angle
power spedrum

Power spedrum of
errorsin
recmnstructed
deflection angle for:

Fwhm=4', noise=4
uK-arcmin

No noise

Sunyaev—Zeldovich Effeds

LK+Dore, Nuccitelli, Ped
& White

Chandraimage of Hydra A

Opticd image of Hydra A from La
Palma and B. McNamara

Thermal SZ difference
from Planck law

Thermal SZ effed isa spedral
distortion proportional to TT,
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Measuring Vv, with the SZ effects

Spectral distortion characterized by Compton y parameter

= [dT,0n0) 07 KT,
mc mc

e

=y ()

v

ASX - 0, f(X) - _2

KT, (0T/T)g

y
Sunyaev & Zeldovich 1980

Combine to get velocity: vic=-

Applications of Peculiar
Velocities

Gravitational Potential Reconstruction
(i.e.,, POTENT on 60 Mpc to Gpc scales)

Two—point correlation as function of
redshift (to constrain cosmological
parameters)

I11) Veocity—ISW correlation (dependent
on dark energy parameters)
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Dore, Knox and Ped astro-ph July 2002

Peculiar Velocity Application I:
o(r.§) Reconstruction

* For shallow survey (0.2<z
< 0.4) there are 360 clusterswith M > 10h™M,
per 100 sg. degrees.

» Assume can achieve 100
km/s error on every cluster
with in solid angle 67 .

Note: If can achieve 100
uK rt-secon kinematic SZ
then need ~3 monthsto do
«=» Can reoonstruct every every cluster in SDSS
mode in the survey with photometric survey (0.2 <
wavelength greaer than ~60 z<0.4).

Mpc with S/N > 1.

Some uses of the potential map

» Cross—correlate density map with galaxies,
groups, galaxy clusters, quasars, ... to lean about
galaxy formation, etc.

» Make mnstrained redizaions to compare
simulations to redity on objed—by—objed basis
» Cross—correlate with CM B temperature maps on

large—anguar scdes (ISW effed) ala Boughn,
Crittenden and Turok.
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How well canv,. be measured?

Abell 2163: v, = +490"°km/ s

Holzgpfel et al. (19979):
P (1999 Abell 1689: v, = +170"%°km/s

With asmall (~1") beam the kSZ signal stands out against the
confusing badkground of CMB anisotropy.

O(AT,,0)2 + (AT, ) E
o, ~100 km/sec (01/7) [N Blave) +(BToz)” =

H V(@uK)? +@uK)*
...and velocity substructure limits one to

o, 2100 km/s

Peauliar Velocity Application l:

Cosmologicd Parameters from
2—poaint statistics

A, 20, 01/9000/N \

>

So what, you say?

Omega_m prior alows
SNAP to measure time—
rate of change of w.

*Linea theory assumed
throughout. Non—Iinea/biasing
corredions are important.
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Detection of a GOP Trough

# of Republican Presidentsin White House

1982 1986 1990 1994

Doesit signal the end of the dark ages?

Becker et d. (2001)

GP Trough =» Detection of Dark Age?
I.e., Do Quasar Spectra Really Imply
Reionization at z=6.37?

* GPtrough duetox HI >0.001sox ecan
still be quite large

» Rapid transition appears to be happening
near z=6.3, but isit from x_e=0 or
X_e=0.5?

» CMB polarization observations are uniquely
qualified to answer these questions.

Kaplinghat, Chu, Haiman, Holder and Knox (2002)
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The pdlarizaion reionizaion “bump”

()

Hu & Dodelson ARAA 2002

A (highy model—dependert) detection of the pOIarizaIion
reionization feature: cF ., >0.04 uK? @ 90% confidence
Kaplinghat et al. (2002

Kaplinghat et a. (2002

Beyond T

X, =0.26,z, =30 - 0.1
x, =0.89,z, =15 F=t

Redshift =
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Conclusion

The CMB will continue to play akey rolein
the confrontation between cosmological
theory and observation through the next

decade.
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