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Penzas and Wilson Discovery of Cosmic
Microwave Background




Cosmic Microwave Background Radiation
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Cosmic Microwave Background Radiation

temperature variation
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Analyse angular distribution to see typical variation scale



Measure Scale of CMBR Fluctuations
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CMBR Data Analysis
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Supernova Type la

Implosion Explosion of star Expansion of matter
of core of shock wave ~ 0.5 ¢

red giant
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Supernova




SuperNovae observed In our galaxy

Date Remnant Observed

352 BC Chinese

185 AD SNR 185 Chinese

369 ? Chinese

386 Chinese

393 SNR 393 Chinese

437 ?

827 ?

902 ?

1006 SN1006 Arabic, ...
1054 Crab Chinese,..
1181 3C58 Chinese,..
1203 ?
1230 ?
1572 Tycho Tycho Brahe
1604 Kepler Johannes Kepler
1667 Cas A not seen ?




SuperNovae Remnants

Cas A

SN1006




Supernova in Large Magellenic Cloud




Distant Supernova




Life of bigstar (>1,4 M )

End In Supernovae of type Ib, Ic et |l

Forms in
Dust & Gas

Burne Hydrogen
Cloud ! oy

for 50 Million Years Becomes Raed
SuparGiant Star for
1 Milllon Years




The Crab Nebulain Taurus (VLT KUEYEN + FORSZ}
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Life of big star (< 1,4 M )

Forms in
Dust & Gas
Burns Hydrogen
for 10 Billion Years  Becomes Red Ejects outer
Giant Star burning layers and is
Helium for 100 million a planetarynebula

years for 100,000 vears

Becomaes
White Dwarf
star for Eternity



NGC 2392 « “Eskimo” Nehula HST - WFPC2
MASA, ESA. A Fruchter and the ERD Team (STScl) » 3TScl-PRCO0-07

|l a nébuleuse de la Lyre




Type la supernovae

SNe la sont which accrete matter from neighbour star in binary system
When the mass achieves the Chandrasekhar mass (~1.4 M) star collapses
to neutron star in supernova explosion.

White Dwarf
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effective magnitude ® brightness ® distance
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Expansion with Supernova la
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In 1998, two teams: High-Z Supernovae
and Supernovae Cosmology Project
simultaneously annouce non-zero
cosmological constant:
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So what does It mean?

. Decaying A or Quintessence: the existence of a scalar field with a snit-
able potential which is so tuned to allow the field to be subdominant
in the early Universe, yvet emerge today slow rolling with a negative
equation of state. There are many models on the block for this now,
none of them are particularly well motivated from a particle physics
point of view.

. Quantum fluctuations: Perhaps for some reason, not yet understood,
there has always been a vacuum energy of this magnitude.

. Phase transition: perhaps we are currently hung up in a metastable
vacuum which has a non-zero energy density, and will one day decay
to the true vacuum.

. The existence of solid dark matter uniformly distributed throughout
the Universe, such as a tangled network of cosmic strings produced at
a phage transition in the Early Universe.

. We are barking up the wrong tree and there are astrophysical processes
taking place concerning the evolution of high red shift supernovae that
we do not yet understand, and when we do, this interpretation of the
data will vanish.

T AR AN ( due to E. Copeland, a theorist)



Expansion of universe

Supernova at z=1.7
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Future Project: SNAP

e ~2500 SNe la per year withz<1.7
e Study Equation of state w=p,/r ,

Planned 1-year baseline
statistical and systematic
uncertainty omn...
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Understanding Nature of Dark Energy

Binned simulated SMAP data
compared with Dark Energy models.
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Evidence for Matter Density

Combined Data
Cosmic Microwave Background Radiation, Supernova la, Galaxy clusters and BBN

Lers Bergstrém, 2000

Vv[ot = rtotal / r critical

critical density
o C\IBR | for flat universe
| = 3H?%/8pG

| crltlcal

H=nh.100 km/s/Mpc

Qtr:n'l:

i WM = IFmatter / rcritical

Galaxy clusters
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Matter/Energy In the Universe

xF T F VWigy ¥ ™

\Ntotal = W|\/| T W|_~ 1

ln_:-m.l 1 I matter dark energy

T Matter:
K ) ¥ W= W, + W, + Wepy ~ 04
I 0.0 -0 D0
+ 01 = baryons cold dark matter
famoe Baryonic matter:

- l W, ~ 0.05

PR stars, gas, brown dwarfs, white dwarfs

t »0.003 Cold Dark Matter :
Q 001 = Weopm™ ~ 03

WIMPS/neutralinos, axions



