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Expanze vesmiru
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aPy teorie

* G.Gamow, R.Alpher, H.Bethe, R.Herman

e 1948 — teorie ,horkého vesmiru® — pozdéji ,Velky tresk” (F. Hoyle)
* Vznik prvkd

* Predpovéd reliktniho zareni




The Origin of the Solar System Elements

- cosmic ray fission




Reliktni zareni

* Bellovy laboratore

* 1960-1963 - Echo

* 1965 — prehlidka oblohy v rad. oboru
* Penzias, Wilson

e /7,3cm
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COBE

e 1989

* 8 min —splnény cile
T=2,73 K

* Chlazeni (kap. He)

* Spektrum:
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Penzias a Wilson

objev Sumu z konce
Velkého tresku
1 pasmo

jde o zareni Cerného télesa T = 2,73 K
objev fluktuaci (anizotropie)

AT=400 uK, A p=7°

3 pasma

WMAP

stanoveni zakladnich
parametru Vesmiru

AT =20 puK, A @ =15’
5 pasem
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Description Symbol Value
Physical baryon density parameter!] O, h? | 0.02230 £0.000 14
Physical dark matter density parameter!?] 0.h? |0.1188 £0.0010
Indepen-l Age of the universe to 13.799 £0.021 x 10° years Q>1
;::_ Scalar spectral index ng 0.9667 £0.0040
meters | Curvature fluctuation amplitude, A2 e +0.088 < 10-922]
kg = 0.002 Mpc™ R -l Q<1
Reionization optical depth T 0.066 £0.012
| Total density parameter!®! Qi 1
Equation of state of dark energy w —1
Fixed | Iensor/scalar ratio r 0 QO=1
para- | Running of spectral index dng/dInk | 0
Meters ' g m of three neutrino masses Z m, | 0.06 eV/c2Icll18}40
Effective number of relativistic degrees N 3.046l1181:47
of freedom en
Hubble constant Hy 67.74 £0.46 km s~ Mpc™’
Baryon density parameter!’] Q, 0.0486 +0.0010[®]
Dark matter density parameter!”! Q. 0.2589 +0.00571"
Matter density parameteri®] Qp, 0.3089 +0.0062
Calcu. | Dark energy density parameter” 0, 0.6911 +0.0062
lated | Critical density Pt | (8.62£0.12) x 10727 kg/m*l9]
values | The present root-mean-square matter fluctuation

, 4 Og 0.8159 +£0.0086
averaged over a sphere of radius 84" Mpc

Redshift at decoupling Z, 1089.90 £0.23
Age at decoupling t. 377 700 £ 3200 years!??]
Redshift of reionization (with uniform prior) Zpe 8.5 jj?lze’]






* Slozeni vesmiru




Temna hmota
* Fritz Zwicky (1934)
* Neinteraguje elektromagneticky (jako neutrina)
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Zrychlena expanze —temna energie?
e 1998 Saul PerImutter, Adam Riess (2011 — Nobelova cena)
* Supernova la

Three Steps to the Hubble Constant

Distant galaxies
in the expanding
universe hosting

Cepheids Galaxies Type la supernovas

within the hosting
Large Cepheids

Magellanic  and Type la
Cloud supernovas

RSAVAVVY,

Light red-shifted (stretched by expansion of space)

180,000 24-100 million 100 million-1 billion

LIGHT-YEARS




Life Cycle of a Star
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Supernova la
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Kvark-gluonove plasma

10> s

* T= 1012 K =100000 T,

* Silna interakce

e 2000 — Super proton synchrotron (CERN)
* Pb-Pb
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Obecna teorie relativity (1915

844 Sitzung der physikalisch-mathematischen Klasse vom 25. November 1915

Die Feldgleichungen der Gravitation.

Von A. EInsteiN.

In zwei vor kurzem erschienenen Mitteilungen' habe ich gezeigt, wie
man zu Feldgleichungen der Gravitation gelangen kann, die dem Postu-
lat allgemeiner Relativitiit entsprechen, d. h. die in ihrer allgemeinen
Fassung beliebigen Substitutionen der Raumzeitvariabeln gegeniiber ko-
variant sind.

Der Entwicklungsgang war dabei folgender. Zuniichst fand ich
Gleichungen, welche die Newroxscue Theorie als Niherung enthalten
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Okna do vesmiru

* Elektromagnetické (vC. reliktniho zareni)
e Gravitacni viny
 Reliktni neutrina
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* Hubbleovo extrémné hluboké pole
* 2000 snimku

* Expozice 23 dni

* 5500 galaxii

* Nejstarsi 13,2 mid LY

Size of Hubble eXtreme Deep Field on the Sky

Digitize.d'Sky Survey (ground-based image) for cémparison

e
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Gravitacni viny

 Obecna relativita

LIGO, Hanford, WA, USA
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e eLISA




* Pozorovatelny vesmir




inflacni reliktni
zareni

* Inflace
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