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The Nobel Prize in Physics 2011 was divided, one half awarded to Saul Perimutter,
the other half jointly to Brian P. Schmidt and Adam G. Riess "for the discovery of
the accelerating expansion of the Universe through observations of distant
supernovae”.

http://www.nobelprize.org/
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Merfoldkovek

= Kopernikusz (1543), Galilei (2609):
mozog a Fold

Kepler (1609), Newton (1687): a mozgas
es gravitacio torvenyei

= Halley (1718): mozognak a csillagok

= Hubble: mozognak a galaxisok (1929)
es persze, hogy vannak (1924)

v =H%*r




= Einstein (1915): altalanos
relativitas elmelet

Einstein: statikus modell homogen,
izotrop Univerzumra (1917),
gravitaciot kiegyensulyozando:
kozmologiai konstans

Friedmann (1922), Lemaitre
(1927): Einstein modellje instabil,

de van egy tagulo megoldas

Hubble (1929) észlelései alapjan
ismeri el Einstein ,legnagyobb
tevedeset”, a kozmologia
konstans eqgy idore lekerUl a
szinpadrol




Milyen rataval csokken/novekszik a
tagulas?




Mit kell mérni?

= Tavolsagot

Parallaxis

Starndard gyertyak: Cefeidak, szupernovak,
galaxisok eloszlasa

FIGURE 1




Haromszogeles - parallaxis




Haromszogeles - parallaxis

Hatotavolsag: 1” = 1pc, max 10kpc

~~ 206, 265 AU = 3.2616 ly = 1 parsec




Standard gyertyak I.: cefeidak

- H. Leavitt, 1912, (Hubble)
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http://outreach.atnf.csiro.au/education/senior/astrophysics/variable_cepheids.html



Standard gyertyak 2:Ia tipusu szupernovak

- Baade, Zwicky 1938, Fowler, Chandrashekar 1983 Nobel-dij

* Kettds rendszerben fehér torpecsillag anyagot sziv
el

* elérve a Chandrashekar limitet(1.38 MNap) az
elektron degeneracios nyomasnal nagyobb a
gravitacio

* A torpecsillag 6sszeroppan neurtoncsillagga

* Ledobja héjat

* Jellegzetes fénygorbe és spektrum
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SCALING THE UNIVERSE

PARALLAX

The most accurate methed
of measuring distance.
Aztromomiers laak Bt & star
when Earth is on opposite
sides ol s orbit. The star
shifte position with respact
to more-dislant stars. Thea
gize &l the ahilt reveals the
stars distance,

CEPHEIDS

These big, bright stars pulss
In and out ilke a beating
hasrt. The langhls of tha
pulse reveals the stars

brig hiness. Comparing frue
brig hineis 10 the siar's
apparent brightess reveals
ite distanee. Used to
measure nearby galaxies.

—TTTT—

Astronomors use soveral technigues to measure the
distances to stars and galaxios, These techniques overiap,
praviding greater confidence that aach ome |s accurate.

EUPERNGOVAE

Certain typos of axploding
stars brighten and fade In a
way that ravaals thair trus
brighiness, which
astronomers then use to
calculate their distances.
Effective out 1o several
Billion light-yamrs.

REDSHIFT

Distant galaxies move away
from us because the universe
Iz expanding. A stronarmars
can measure this motion,
which varles whth distance:
{mster galaxies are {arther
away. Least-accurate method
Because it deponds om
meedels of how the universe 8
axpanding.




oebesseg” merés: Voroseltolodas

OBJECT RECEDING: OBJECT APPROACHING:
LONG RED WAVES SHORT BLUE WAVES

(Doppler, kozmologiai, gravitacios)




SN Ia észlelések

= |dealis tartomany: z=0.3..2.0

= Galaxisunkban: kinaiak 1054, Tycho Brahe 1572

= ‘80 : Dan-angol kollaboracio, SN1988U, z=0.31
(1.5m tavceso, La Silla, Chile)

SN 1572 (Tycho) maradvany,
Rontgen+infravoros
(NASA/CXC/JPL-Caltech/Calar Alto O.
Krause et al.)




= 1988: Supernova Cosmology Project (SCP), Saul

Perlmutter et al. (4m nagy latoszogu taveso, CCD! +
utomeérések Chile,Hawaii, La Palma). 1995-re 7db
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" 1994: High-z Supernova Search Team (HZT), Brian
Schmidt & Robert Kirschner et al.




= Adam Riess SCP elemzesek (16, kesobb 42 high-z
szupernova): gyorsulva tagulas

Supernova
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Vagy meégse? A szurke por

= Agyorsulva tagulas z<1 voroseltolodason a lambda mentes
modellnél halvanyabb szuperndvakat ad

= Okozhatja elnyelddes, por

nincs vorosodes: szirke por

acceleration
» | increases




A szurke por kizarasa
= z>1esetében fenyesedest ad a sotet energias modell a lambda
menteshez kepest
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A sotét energia

= Negativnyomas

122 nagysagrend tévedeés!

A jovO generaciora var a
rejtely megoldasa!

Simon Danaher




