Peering into the Big bang :
the new microwave map
of the Universe

U. A. Yajnik, Physics Department, IIT Bombay

TYPESET USING IATEX, FOILTEX, LyX, PPOWER4




Outline

The expanding Universe; millions of galaxies
The Big Bang and Cosmic Background Radiation
Formation of galaxies

New technology

« Hubble Space Telescope




Cosmography - |
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Before the advent of large telescopes the Milky Way was our Universe.




Island universes

Nebulae in our Milky Way could not be distinguished from Galaxies.

Immanuel Kant conjectured that some of the nebulae could be “island
universes” similar to our own.













Galaxy surveys




Mo-th

11283 galaxies

South

12434 galaxies

€z 1000 km/s)
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Galaxy surveys : 2 degree field

2dF : A joint UK and Australian project. Using the dark skies of Southern
Hemisphere.
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The 2dF Quasar Redshift

Survey
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Detalls ...
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Local neighbourhood

Andromaeda picture
Local nbhd schematic




The Big Bang




For most galaxies, the Hydrogen spe
Independent measurements of distan
revealed a pattern. Edwin Hubble dre




)
@
0
£
-3
Y
- —
T
2
T
-

200 300
Distance [Mpc]

27



200000

100000

0

1000 2000 3000 4000 5000 6000 7000

pAS



Difference: 1997-1995

Distant Supernova in the Hubble Deep Field HST « WFPC2
NASA and A. Riess {STScl) » STScl-PRC01-09




The Cosmic E

Extrapolated sequence backwards in t

lonised Hydrogen

Free neutrons and protons
Quark-Gluon plasma
Electroweak scale

Quantum Gravity

Neutral H formation ~ 10°years after t

Relic radiation 10* K then: 3 K now



Gravity = curved

General Relativity the theory of the sp

k = O for flat Universe; k = +1 for con

R(t) the Scale factor ... A. A. Friedma




Equation

1dR)\”
(Rat) *
Equation of state p= p(p) required
Radiation dominated Universe :
p=3p = R(t) OtY?
Matter dominated Universe :

p=0= R(t) Ot%?3




Book keeping of C

K
7)
He+ R
where p =Total energy
another way of writing ...
Kk
L H2R2

[l Today LHS seems to be 1

[1 Soin the curvature term, k=0




Current best

[1 A term seems to dominate, Qa =

[1 But most of p is not baryons! Let

[J Baryons contribute only Qp =
[0 Qpm = 0.27 So much is the “D

How do we know all this?




CMB Peak Position
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Cosmography :

Current parameters of the Universe :

Expansion rate 71+ 4 (km/s)/Meg
Size of the visible Universe 3 Giga
Age of the Universe 13.7 4+ 2 Giga

Age at decoupling 380+ 7 x 10° Y

How do we know all this?




Dark Matter and

What can Dark Matter be?
It could have been neutrinos, but that
All other particles thoroughly searche

Signature of new physics? Supersym
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A bug in communication link
A noisy communication link in 1965

DiscoveErY oF Cosmic BACKGROUND

Arno Penzias

MAP220045 Robert Wilson
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Galaxy formation

Before there was anything, there was nothing, right?

So where did everything come from?
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Theory

Needed input : fluctuations in the matter density, 5—;’ at atime t;

Matter : Perturbations grow proportional to scale factor R(t)

Radiation : No growth in perturbations
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COBE and friends 1992-95

Wavelength [mm]
2 1 0.67

FIRAS data with 400¢ errorbars
2.725 K Blackbody
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Power spectrum estimation

The sky can be described in terms of spherical harmonics
AT(n) =) a1, Yim(n)

For the CMB we assume A7T'(n) is Gaussian distributed

and define
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The Wilkinson Microwave Anisotropy Project
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WMAP Parameters

Frequencies: 23, 33,41, 61,94 GHz

® Beam size: 0.88,0.66,0.51,0.35,0.22
Degrees FWHM

® Primary modulation: 2.5 KHz
® Spin Frequency: 0.464 rpm
® Precession period: | hour

® Parameters, maps, and data are at
http://lambda.gsfc.nasa.gov/product/map/




Power spectrum estimation

The sky can be described in terms of spherical harmonics
AT(n) =) a1, Yim(n)

For the CMB we assume A7T'(n) is Gaussian distributed

and define




Spherical harmonics decomposition
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Summary

New guestions

What gave rise to those perturbations? Quantum Mechanics of early
Universe?

What is the unknown form of energy?
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Sources

Ned Wright

WMAP homepage



www.astro.ucla.edu/~wright/cosmolog.htm
http://map.gsfc.nasa.gov/

