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1015 Ibn Al-Haytham optika

1815 Fresnel fény hullamelmélete

1865 Maxwell egyenletek

1905 foton, Einstein

1915 altalanos relativitaselmélet, Einstein

1965 Penzias, Wilson, hattersugarzas
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Hubble 1923-ban kimutatja, hogy az Androméda-kod

minden kétseget kizardoan Tejutrendszeren kiviili objektum
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Hubble torveny (1929) v =Hr
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FIGURE 1

Velocity-Distance Relation among Extra-Galactic Nebulae,

Radial velocities, corrected for solar motion, are plotted against,
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Hubble id6 és a Vilag kora a standard modellben

 Hubble allandé Hubble id6 a Vilagegyetem

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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Tagulo Vilagegyetem
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1948: Az amerikai Gamow és Alpher kidolgozzak az 6srobbanas elméletét.
Tizezer, esetleg 1 millié évvel az 6srobbanas utan az Univerzum annyira
lehiilt, hogy benne az anyag dominaljon a sugarzas helyett. Azért a
sugarzasi energia maradvanyai is fellelhetok mintegy 5 Kelvines sugarzas
formajaban. Ez a jéslat igaznak bizonyult, mert Penzias és Wilson valéban
talalt majdnem ilyen homérsékleti maradvanysugarzast. Nobel-dij 1978!
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Altalanos relativitaselmélet
Einstein egyenletek

1
Rﬂp _E g +Agm_, = SHGTM

Friedmann megoldas

r ™

2
dr ~ + r*d& + r°sin” 0d ¢’

do° =dt* —a’ (1)
2 | —kr )

\
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Friedmann egyenletek

e\ 2
sz[ﬁ] _8nGp  k +A

2
a 3 a 3
a 471G A
—=———(p+3p)+—
a 3 3
a lassulasi parameter
g = aa a
0~ .2 —
a*  aH,
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Mint a feldobott k6 gravitacios terben (Holdon).

k=0 és AN=0 -esetén a kritikus slriiség

2
_3H A

P, =—— _
TG Pa -

p=fp) Wi=Dpi/pi

» fotonokra w; = 1/3
* nemrelativisztikus
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* 1938 Walter Baade: SN tavolsag indikator

» 1983 Nobel-djj
* Chandrasekhar, csillagfejlodés (1,4 naptomeg)
* Fowler magfuizi6 a Vildgegyetemben (SN |a)

* 80-as évek dan-britt 1,5 m tavcso
o 2 ¢v alatt 2 tavol1 SN, abbol egy Ia z=0.31
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Tavoli szupernovak a HST felvetelein (NASA)
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The progenitor of a Type la supernova

- Uiken. Ar
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. ...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.

The secondary, lighter star | The common envelope is ; i o
and the core of the giant ejected, while the separation The remaining core of ' R
star spiral toward within between the core and the the giant collapses and

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

®
The aging companion The white ‘ .
star starts swelling, spilling increases until it reaches a ...causing the companion

gas onto the white dwarf. critical mass and explodes... star to be ejected away.



ABSOLUTE MAGNITUDE

SCALED MAGNITUDE

abogdan@head.cfa.harvard.edu
10/9/2011 8:59 du.
N Az la tipusu szupernovak
b S (SN la) eszlelt fenyessege
T nem allando, a maximalis
i , | | abszolut fenyessequk 2
T e magnitudoval is elterhet
ol £ egymastol. Ezert is
L",_ helytelen az SN la-kat
18r ® "sztenderd gyertyanak"
il S . nevezni, pontosabb
T L kifejezes lenne a
161 . sztenderdizalhato gyertya
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1988 Saul Perlmutter (Lawrence Berkeley National Laboratory)

Supernova Cosmology Project (elsé nagy z 1992)

1993 Hamuy ¢s Mark Phillips standardizal

1994 Schmidt és Robert Kirshner

High-z Supernova Search Team

“\§]Ne la mainly analyzed by Adam Riess”

., The HZT article iIs based on observations of 16
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A CGRO el6tt tobb miszer 300-400 GRB-t latott.
CGRO 2700 GRB + 1300 nem triggerelt 1991-2000.
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2704 BATSE Gamma-Ray Bursts GRO Instruments
0 COMPTEL

TWO OF EIGHT

Fluence, 50-300 keV (ergs cm™)
Gamma-ray bursts come from all directions.
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Az un. logN-logS abra. Homogen esetben
-1,5 a meredeksege az eloszlasnak.

C.226 s Integral Peak Flux Distribution
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log P

KRg Homogeneous
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Beppo-
SAX

felloveés
1996.

1996 magyar
eredmény a
GRB-k tavol
vannak
z=1-4 akar
tobb 1s.

M/
KOZSZOLGALATI

az els6é utofény (z=0,7)

February 28, 1997 March 3, 1997

GRB 970228 X-ray afterglow

at 8 hours (left) and 3 days (right) after the Gamma-ray burst.
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A SWIFT egyre tavolabbiakat ,,lat”.
2004 -

L kvazdr
—— qgoloxis
B qemma-kitbrés 7

—
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GLAST (2008 -) atnevezték FERMIre

11 10 Layers of 0.5 rad Length Converter (pb)
B 12 Layers of XY Silicon Strips
~w» Gamma Rays

- Positrons/Electrons
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7 eloszlas hosszuakra és rovidekre

16 \ \ | \ | \ |

BN ALL BURSTS |
I SHORT BURSTS

NUMBER OF BURSTS

REDSHIFT, z
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"Typical" Prompt GRB Spectrum
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Kiilso és belso lokéshullam

y-rays utofény
o —
Belso V~C belsO .
motor s76] h kils

Ih

A belsé motort nem lehet megfigyelni.
A gamma sugarak hordoznak a legtobb informaciot réla.
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Jetre utalo jel
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Hosszu GRBk “kollapszarok”-bol

~1 million -
10 million years : ~100,000 years | ~minutes ~10 seconds
> > ‘
Wolf-Rayet star
30 solar-mass star 12-14 solar masses
e

core
hydrogen
envelope

The stellar wind carries
off the outer envelope,
leaving behind a core of
heavier elements.

Iron can't generate energy
by fusion, so when the core can

no longer support the star's weight, it collapses into a black hole. A disk
of matter feeds jets of high-speed particles along the star's poles.




Kollapszar (folytatas)

: ~less than a second ~20 seconds ~minutes
;l | ’ | ]
jet . 1!
! accretion || supernova
disk

black hole

The jets quickly
tunnel to the
star’s surface.

"\ The jets and wind from

. the accretion disk blow
the star apart.

internal shocks —

The gamma rays |
we see in a burst
are actually
produced when
relativistic
particles run into \
each other about 3
10*¢m away
from the star.

external shocks -
Like asnow = ‘
shovel that gets :

gamma rays —
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| GRB 980425 / SN 1998bw: z = 0.0085

A

§ GRB 030329 / SN 2003dh: z = 0.1687

GRB091127: SN 2009nz. 7 = 0.490
- XRF 100316: SN 2010bh, z =0.0591
%GR8120422A: SN 2012bz, z=0.283

~Mind SN Ic szupernova
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% Hubble Diagram la szupernovakkal és GRBkkel
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Eg1 eloszlas. 1zotrop?
2704 BATSE Gamma-Ray Bursis

Fluence, 50-300 keV (ergs cm™)
Gamma-ray bursts come from all directions.
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Vavrek et al. MNRAS 2008

* Longl izotrop
* Long2 izotrop

long2
"

-

Frequency
0 50 100 150 200 250
| |
—
_,4-/"|/
=

° An IZOtrép Io\r[g;term
FZ M Sh{jrt;hﬁrtz’

Interm. 98,51%
Shortl 99’90% C|} ; 1|0 1|5 2|0 2|5 3|0 3|5
Short2 99,98% Sq. distance
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Eqgi eloszlas 283 ismert tavolsagu
GRB-re.
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1,6 es 2,1 kozott.

31 GRB z
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,Nagy Fal
1989,
z~0,03
~ 200

<
=,
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2003 Sloan Nagy Fal,
z~0,073 ~ 450 Mpc
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Gamma-kitoresek

¢ z~1,6-2,1 15-19 GRBs

* meret ~ 2000 Mpc
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Rovid kitoresek modellje.
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Einstein-gylruk

- ) . -

J073728.45+321618.5 J095629.77+510006.6 J120540.43+491029.3 J125028.25+052349.0

- . -

-
..

J140228.21+632133.5 J162746.44-005357.5 J163028.15+452036.2 J232120.93-093910.2

Einstein Ring Gravitational Lenses
Hubble Space Telescope « Advanced Camera for Surveys

NASA, ESA, A, Bolton (Harvard-Smithsonian CfA), and the SLACS Team STScl-PRC05-32




