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,Csillagaszati” Fizikai1 Nobel-dijak

1936 Victor F. Hess, Carl D. Anderson

1967 Hans A. Bethe

1974 Martin Ryle, Antony Hewish

1978 Kapitsa, Arno Penzias, Robert W. Wilson
1983 S. Chandrasekhar, William A. Fowler
1993 Russell A. Hulse, Joseph H. Taylor

2002 R. Davis, M. Koshiba, R. Giacconi
2006 John C. Mather, George F. Smoot



’ »
.‘ »
’ ’
./ ’ )
/ s
. »
" »
/; I
B/ dan ™
4 ;
J ’
g
.

’hoto: Roy Kaltschmidt. Courtesy Photo: Belnda Pratten, Australian Photo: Homewood Photography
Lawrence Berkeley National Laboratory National University

Saul Perlmutter Brian P. Schmidt Adam G. Riess

The Nobel Prize in Physics 2011 was divided, one half awarded to Saul Perlmutter,
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”.
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Cefeldak

1784 Edward Pigott felfedezi az Eta Aguilae valtozasait
1784 John Goodricke felfedezi a Delta Cephei hasonld v.

1912Henrietta S. Leavitt periddus-fényesség 6fg.
1940-es evek Walter Baade 2 féle cefeida van.

Voroseltolodas

1912VestoSlipher felfedezi, hogy a fényes
spir8l Ak?©°d?©°k ovosselelbdnaku m
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http://en.wikipedia.org/wiki/Edward_Pigott
http://en.wikipedia.org/wiki/Eta_Aquilae
http://en.wikipedia.org/wiki/John_Goodricke
http://en.wikipedia.org/wiki/Delta_Cephei

Hubble 1923ban kimutatja, hogy az Andromeda kod
minden ketseget kizaroan Tejutrendszeren kivlli objektt
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Andromeda galaxis
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AT W A RS e ket : )t W s~ . Co.f:;yright 1995 by Jerry Lodriguss






Hubble idR ®s a Vil 8g

Hubble allando Hu b b | e a Vilagégyetem kora

H 1/H 2/3H
km/sMpc Gyr Gyr
50 19.5 13.04
65 15 10.0
70 9.3
75 8.7
100 9.8 6.52

500 2 1.3
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1948: Az ameri kai Gamow ®s Al pher
T2zezer, esetleg 1 milli- ®vvel az
l ehTlt, hogy benne az anyag doming§
sug8rz8si energia maradvs8nyai 1 s f
formajaban. Ez a joslat igaznak bizonyult, mert Penzias és Wilson valoban
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t majdnem il yen hRmM®Nose®K 198t T
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tovabbi csillagok keletkezé

galaxisok (koral
csillagok) keletkezese
hattersugarzas, vagy
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CvMB
last scattering

fraction
of a second
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~200 million
years
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13.7 billion
years






COBE mTNoweinber 181989

The CGBE Jatellice

18


http://en.wikipedia.org/wiki/November_18
http://en.wikipedia.org/wiki/1989

Aprilis 23, 1992



http://en.wikipedia.org/wiki/April_23
http://en.wikipedia.org/wiki/1992
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Average distance between galaxics
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Billions of years from now
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At °rt ®neto

1938Walter Baade: SN tavolsag indikator

1983Nobeldij
Chandr asekhar 14namomepgl .
Fowler magfuzié a Vilagegyetembe®N [9)

80aseveldanbr 1 tt 1,5 m t §
2 ev alatt 2 tavoli SN, abbdl egy [B=0.31
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la tipusu szupernovak

The progenitor of a Type la supernova

SR IE )

...which spills gas onto the
Two normal stars The more massive secondary star, causing it to
arein a binary pair. star becomes a giant... expand and become engulfed.

and the core of the giant ejected, while the separation

The remaining core of i vl e
star spiral toward within between the core and the the giant collapses and e -

a common envelope. secondary star decreases. becomes a white dwarf.

The aging coiipaniof The white ¢4
star starts swelling, spilling’ increases until it freaches a ...causing the companion
gas onto the white dwarf. critical mass and explodes... star to be ejected away.

The secondary, lighter star | The common envelope is
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Az la tipusu szupernovak (SN la) eszle
fenyesseg nem allando, anaximalis
abszolutfenyesseguiR magnitudovalis
elterhetegymastal Ezertis nemileg
helytelen az SNa-kat "sztenderd
gyertyanak nevezni, pontosabkifejezes
lenne a Sztenderdizalhatayertyd.
Amiert ezenszupernovakagy
tavolsagokmereseréhasznalhatolaz
bizonyos empirikugelaciokmeglete
ilyen peldaula szupernovanaximalis
fenyesseges afenygorbelefutasanak
ideje kozotti relacia Tehatvalojabanaz
SN la-k sztenderdizalasteremtette meg
alehetosegearra, hogy nagyavolsage
kat merjunkmegveluk, majd fontos
kozmologiai kovetkezteteseketonjunk
le. Tehata szupernovalskalazasaval
sikerult kikuszobolniazeltero
maximalisfenyessegulkozotti elterest
Ez askalazagyyakorlatilag ansszesSN
la-ra megbizhatoammukodik attol
fuggetlenu) hogyvalojabannem tudjuk a
kialakulasukpontosfolyamatat




At °rt®net o

1988SaulPerlmutter (Lawrence Berkeley National Laboratory)
Supernova Cosmology Projgce | s R nag:

1993 Hamuy és Mark Phillips standardizal

1994Schmidt és Robert Kirshner
—- High-z Supernova Search Team

AThe HZT article is based on observations of 1
SNe la mainly analyzed by Adam Riess
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R A dozen type la supernovae Keck

20-100 _ gy M— %
fields I Scheduled follow-up spectroscopy
H at Keck and ESO telescopes

#

galaxies per

field d Scheduled follow-up

 mmETE

yd 0 ! = : Hubble, Cerro
- X Tololo, WIYN, Isaac
Newton and ESO telescopes

Almost 1000 /‘III

Hubble

TIME -

discovered while still
brightening

Cerro Tololo
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THE HIGH-Z SUPERNOVA SEARCH: MEASURING COSMIC DECELERATION AND GLOBAL
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ABSTRACT

The High-Z Supernova Search i1s an international collaboration to discover and monitor Type Ia
supernovae (SNe Ia) at z > 0.2 with the aim of measuring cosmic deceleration and global curvature. Our
collaboration has pursued a basic understanding of supernovae in the nearby universe, discovering and
observing a large sample of objects and developing methods to measure accurate distances with SNe Ia.
This paper describes the extension of this program to z > 0.2, outlining our search techniques and
follow-up program. We have devised high-throughput filters that provide accurate two-color rest frame
B and V light curves of SNe Ia, enabling us to produce precise, extinction-corrected luminosity distances
in the range 0.25 < z < 0.55. Sources of systematic error from K-corrections, extinction, selection effects,
and evolution are investigated, and their effects estimated. We present photometric and spectral obser-
vations of SN 1995K, our program’s first supernova (SN), and use the data to obtain a precise measure-
ment of the luminosity distance to the z = 0.479 host galaxy. This object, when combined with a nearby
sample of SNe, yields an estimate for the matter density of the universe of Q,, = —0.2*} 0 if Q, = 0. For
a spatially flat universe composed of normal matter and a cosmological constant, we find Q,, = 0.470],
Q, = 0.670%. We demonstrate that with a sample of ~ 30 objects, we should be able to determine rela-
tive luminosity distances over the range 0 < z < 0.5 with sufficient precision to measure Q,, with an

uncertainty of +0.2.
Subjgczif e rlf'}'&jg] cosmology: observations — galaxies: distances and redshifts — supernovae: gener?éal —

supernovae: individual (SN 1995K)
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Fig. 3—Light curves of high-redshift SNe Ia. B ( filled symbols) and V (ppen symbols) photometry in the rest frame of 10 well-obse
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by the success of the Supernova on Demand strategy and motivated by the
mmportance of the gquest for g, Bnan Schomdt of the Mount Stromlo Observatory m
Aunstraha orgamized, m 1994, a competmg collaboration, comsisting of supemova
experts, backed by the renowned scientist Fobert Kirshner — the High-z Supemova
Search Team (HZT). Ower the following years the two collaborations independently
searched for supemovae, often but not always at the same telescopes. Like S5CP, HZT
could successfully demonsirate the validity of the chosen sirategy, finding batches of

SNe at or close to maxmoum light that then could be followed up by spectroscopic
observations (see Fig. 1).

1997ck
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SZFKIkEmI One of the high redshift supernovae of fype Ia for which the HZT

boration [27] could measure the magnitude, i.e, the luminosity, both before and
ﬂﬁﬂ'ﬂl‘ﬂﬁﬂkﬁﬂlﬂﬂﬂb‘
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