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EGYPT TIMES Mar 31 2006
“Canadians make it easy to say sorry”
Legislation to allow Canadians to admit mistakes

without litigation



CMB/LSS Phenomenology
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Sorry CITAzens: real seems to be simulated
Boomerang, Cosmic Background Imager, WMAP3, ...

No wonder the LCDM concordance model looks so
good



Real is a mock: march 29, 2006
a BLACK DAY for some CITAzens




new deeply embedded analysis march 31, 2006
The wrinkled lightcone may not be LCDM

but a statistically anisotropic but well-known shape




The anisotropic lightcone led to a new model for the
power defining the current universe

Pyramid power

Acknowledgment:
realization

Occurred at Khufu’s
place in Giza, the
chamber in the centre
of the great pyramid

March 31, 2006




But new realization now I am on Egyptian time and
APRIL FOOL'’s ends at noon April 1

real is in fact real, for
Boomerang, Cosmic Background Imager, WMAP3, ...
the LCDM concordance model does indeed look good

& the structure of the universe seems to be
understandable in terms of a handful of basic
cosmological parameters,

Baryon, dark matter, dark energy densities

Power spectra for primordial fluctuations



The Parameters of Cosmic Structure Formation
WMAP3 WMAP3+CBlcombinedTT+CBIlpol
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Parameters of Cosmic Structure Formation
Period of inflationary expansion,
quantum noise = metric perturb.
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Simple Torus
(Euclidean)

Cosmic topology
Multiply connected universe ?

MC spherical space
- | (“‘soccer ball”)

Compact hyperbolic
space
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WMAP3 thermodynamic CMB temperature fluctuations




Rt

Non april fool

Is the universe like a
soccer ball?

The CMB data
decides:



COBE satellite 1989-1994




* Pickedup as TV ‘snow’ -a few %

Hot
Bi q e 2.725 £.001 degrees above absolute zero
Bang * 410 photons per cubic centimetre

* Isotropic (smooth) to one part in 100,000

_ Cosmic MICROWAVE BACKGROUND SPECTRUM FROM COBE

released as red
light 400’ OOO \ THEORY AND OBSERVATION AGREE
yrs after the |
Big Bang,
expansion of
space
stretched the
wavelengths
to microwave
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Discovery of the Microwave
Background

e Discovered accidentally as a source of noise in a
radio receiver

* 1965 Bell Telephone Laboratories
* Penzias and Wilson share Nobel prize in 1978




dmhe . S9mhe
go = = alt)w = al(t) o

Planck distribution function
f=1/(exp|q/(aT)] -1)
Thermodynamic temperature T(q) from f(q)
d Number of photons =1f d Phase Space Volume
=12 d3q/(27)’ d3x
d E/V =f g3 /n? dq Planck energy curve

df

— = — ~ 3

; q'+ §- Vi = a5(A)

Time derivative along the Sources, sinks, scattering processes

photon direction



43
T = ETE* s P = %'S’FTT R L TRl Py = %F'*r 7 i dn, Ty,

n. = 410/cc,

when was the entropy generated in the U?
P, =0.26 ev/ce

1+(78) 4N x  dE+pdV=TdS (-ZpudN)
1.04]

4n?, .2 [ke]® ~
Q) y*hz =2.45X10_5
Answer: earlier than redshift z ~ 10%°

Lev Kofman lect ! : :
oV ROTHER S or distortions in the CMB spectrum

(when was the baryon number generated? dB=0 after)

s, My, =0.65 x 10'? (.02/Qh?)
[1+(7/8)(4/11)N, x 1.04] total entropy
cf. entropy per baryon in the centre of the sun ~19

In a pre-supernova core about to implode ~1



Thermodynamic temperature T(q)
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the Boltzmann transport equation for photons

% <ir+ §- Vi = a5 A]

Time derivative along the Sources, sinks, scattering processes
photon direction
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Intensity, 10-4 ergs / cm? sr sec cm-’
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Compton
cooling
distortion
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(intraclusters)

Sunyaev-
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COBE Mission

FIRAS

/ . DMR Antennas
-

COsmic Background
Explorer

Deployable Sun, Earth,
RF/Thermal Shield

First satellite mission to
measure CMB

Launched in 1989

Collected data for four
years

Passively cooled Oeployabe Mas: % -‘

TORSS Orfni Antenpia,

Helum Dewar

Daployable Selar Panels

Earth Sensors

WFF Omni Antenna

First anisotropy detection
announced in 1992




COBE/DMR:
CMB + Galactic @7°



The CMB shows the hot big bang paradigm
holds, with:

no big enerqgy injection at z<10°8 (cosmic
photosphere). Limits hydro role in structure
formation

CMB comes from afar (Sunyaev-Zeldovich Effect
from distant clusters ... 2>0.8)

300 km/s earth flow, 600 km/s Local Group flow

gravitational instability, hierarchical Large
Scale Structure, predominantly adiabatic mode

a “dark age” from hydrogen recombination
(z~1100) to reionization (z~10-20)

(nearly) Gaussian initial conditions



Recombination

Of Hydrogen
~101% photons per baryon
Lower temperature ~ 3000K cf. 10000K

Novel: redshift from the wings of Lyman
alpha 2p to 1s line & 2s to 1s +yy, 0.12 sec

Known since late sixties, modity for dark
matter 80s, more H lines 90s

Of Helium (90s)



Today

Life on earth
Acceleration

Dark riinate
ystem forme\ =
Star formation peak .
Galaxy formalion era| y

Earliest visible galaxies
Recombination
Relic radiation d

Matter domination

Nuclear fusion begins

Duark-hadron transition

Electroweak transition

Ak nuclear

Supersymmetry breaking

Axions ete.?

Grand unification transition

m gravity wall

1Ime 1o breaks dc

14 billion years
-

11 billion years

700 million years
Ll

]

5,000 years —

- 3 minutes —

0.01 seconds
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