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Datum Von Bis Raum
1 Di, 17. Apr. 2018 10:00 12:00 05 119 Minkowski-Raum
2 Do, 19. Apr. 2018 08:00 10:00 05 119 Minkowski-Raum
3 Di, 24. Apr. 2018 10:00 12:00 05 119 Minkowski-Raum
4 Do, 26. Apr. 2018 08:00 10:00 05 119 Minkowski-Raum
5 Do, 3. Mai 2018 08:00 10:00 05 119 Minkowski-Raum
6 Di, 8. Mai 2018 10:00 12:00 05 119 Minkowski-Raum
7 Di, 15. Mai 2018 10:00 12:00 05 119 Minkowski-Raum
8 Do, 17. Mai 2018 08:00 10:00 05 119 Minkowski-Raum
9 Di, 22. Mai 2018 10:00 12:00 05 119 Minkowski-Raum
10 Do, 24. Mai 2018 08:00 10:00 05 119 Minkowski-Raum
11 Di, 29. Mai 2018 10:00 12:00 05 119 Minkowski-Raum
12 Di, 5. Jun. 2018 10:00 12:00 05 119 Minkowski-Raum
13 Do, 7. Jun. 2018 08:00 10:00 05 119 Minkowski-Raum
14 Di, 12. Jun. 2018 10:00 12:00 05 119 Minkowski-Raum
15 Do, 14. Jun. 2018 08:00 10:00 05 119 Minkowski-Raum
16 Di, 19. Jun. 2018 10:00 12:00 05 119 Minkowski-Raum
17 Do, 21. Jun. 2018 08:00 10:00 05 119 Minkowski-Raum
18 Di, 26. Jun. 2018 10:00 12:00 05 119 Minkowski-Raum
19 Do, 28. Jun. 2018 08:00 10:00 05 119 Minkowski-Raum
20 Di, 3. Jul. 2018 10:00 12:00 05 119 Minkowski-Raum
21 Do, 5. Jul. 2018 08:00 10:00 05 119 Minkowski-Raum
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https://jogustine.uni-mainz.de/scripts/mgrqispi.dll?APPNAME=CampusNet&PRGNAME=COURSEPREP&ARGUMENTS=-N080196064386275,-N001013,-N000000000000000,-N366764933628971,-ACODA,-N366764903171927
https://jogustine.uni-mainz.de/scripts/mgrqispi.dll?APPNAME=CampusNet&PRGNAME=ACTION&ARGUMENTS=-AydFSP.0Ktm3yhcetGmidu.dGkmg21UdwMp1hB6lYta5s25Ld.uvTRk13B50P0Eq2ySDsHmfFCwSe7nRrJkHkaxn2-9P30N-OuZ0FXFSoCiMXd5TQ
https://jogustine.uni-mainz.de/scripts/mgrqispi.dll?APPNAME=CampusNet&PRGNAME=COURSEPREP&ARGUMENTS=-N080196064386275,-N001013,-N000000000000000,-N366764936535021,-ACODA,-N366764903171927
https://jogustine.uni-mainz.de/scripts/mgrqispi.dll?APPNAME=CampusNet&PRGNAME=COURSEPREP&ARGUMENTS=-N080196064386275,-N001013,-N000000000000000,-N366764936535021,-ACODA,-N366764903171927
https://jogustine.uni-mainz.de/scripts/mgrqispi.dll?APPNAME=CampusNet&PRGNAME=COURSEPREP&ARGUMENTS=-N080196064386275,-N001013,-N000000000000000,-N366764936535021,-ACODA,-N366764903171927
https://jogustine.uni-mainz.de/scripts/mgrqispi.dll?APPNAME=CampusNet&PRGNAME=ACTION&ARGUMENTS=-AydFSP.0Ktm3yhcetGmidu.dGkmg21UdwMp1hB6lYta5s25Ld.uvTRk13B50P0Eq2ySDsHmfFCwSe7nRrJkHkaxn2-9P30N-OuZ0FXFSoCiMXd5TQ

JGU Observational Cosmology

Cosmological Red-shift

Estimation of the Age of the Universe
Cosmological Distances
Cosmography

Standard LambdaCDM Model
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JG|U The Cosmological Red-shift

2
Light ray in the FLRW space-time: dt* = dt* — a*(t) 1 drk 5 =10
— kr
ot no dy sin~!rq k=1
Separating the variables: / 200 = / =4 N k =
ho 4 ’ \/1 — kr sinh_l 1 k= —1

Observation \
X _ Emission
NS {0+t t+0t

t
/to+5to At /to ﬂ B /(Stl ﬂ _ 0 N St B a(tl) v M
t1+0t ﬂ(t) t Ll(t) Sto Ll(t) l oto B a(to) N V1 N Ao

a(t) does not vary much between two crests
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The Red-shift

Red-shift Parameter

. — )\0 — )\1 Ll(to)

z2>0= Mg > A1 Red-shift The Universe is expanding

2 < 0= Mg < A1 Blueshift The Universe is contracting
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JG|U Hubble Parameter and Densities

Second Friedmann equation H? = %pc Y Oi 4 Bk
3 Pe P

C

1

T

Many components

ox = k/(a?)

ATTENTION: just a formal analogy!

Introducing the present-day critical density (and the present-dat Hubble parameter Ho)

OO 0 0 |
HZ _ HZ Qm | QT | Qk | QO
0 3t 4 g2 DA
a a a
Matter Radiation Curvature  Cosmological Constant
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JG|U Hubble Parameter and Densities

The previous formula can be rewritten using the red-shift parameter

H? = H? [021(1 + 2P+ Q01 +2) + 001 +2)2 + 09\}

: 1 d
since. H = 1+zd§ and QQ%O SO ngl—ﬂ%—ﬂ(/)\

we obtain the approximate formula

At—i/Z dz’ 1
HoJo 1420 1+ 002)(1+2)2 - 2/ (2+2)0%

where the integral extends from today (z=0) to some epoch characterized by z.
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Age of the Universe

/ extend to OO
1 77 d7
At:ﬁ/ 1dzf 1
0 Jo 12 14+ 00 (1422 - 2/(2+2)0%

This integral is O(1), so Age of the Universe = 1/Ho =~ 14 Gyr

Simple analytical case: flat Universe with no cosmological constant:

A_L/OO dz’ 2
- HpJo (1+2)52 3Hy

10 Gyr
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JG|U Cosmological Distances

The Cosmic Distance Ladder
AU range
Astrometrlc up to 20000 |),

Methods with space telescopes

Parallax

Main Sequence Fiﬂing.,.-".

Close galaxies, 107 ly

o) Cepheids

QA
‘koe ..°.. {\\o I . .
P PELIe Galactic Properties
&{\‘\ .'. go\
<(j‘§o ~1070 |y

Type la Supernovae

3Gpc
Hubble Law
An (incomplete) list of distance estimation methods
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JG|U Luminosity Distance

Detector Area

‘R [ A

Power received P=L- -|—

/ _RZ_ _47TR(2)7“%_

Distance taking
into account expansion

True luminosity
(i.e. power)

Photon Energy redshift

A t luminosit [ P
pparent luminosity - —

A

L

In Euclidean space [ = 5

4drds

2

We can thus define the B Rj B
luminosity distance dr, = ﬁrl — (Z + 1)7‘1[{0
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JG|U Cosmological Distances

1 1
Expand the scale factor a(t) = a [1 + Hy(t — ty) — quHg(t —t9)* + gjoHS(t —t9)° + ]

. . B a(to)
Relation to redshift 1+z= a(to — D/c)
Measurable
o 7570
Luminosity distance dr, = a(t : D/c)
0 —
Fit to the d. / z data:
cz | 1 1 kc?
di(z) = = |14+ =(1— —— [ 1—q0—345+ jo- ;
.(z) H, +2( q0)z 5 ( q0 — 595+ Jo H%a%) .
1 . , 2kC2 1+3
+— |2 —2g0 — 1543 —15q8+5]0+106]o]0+50 | ( 22 10)
24 Hyag
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Discovery of the Accelerated Expansion

Saul Perlrhutter

24

22

N
o

-
@

effective mp

—
N

ag residual
oo~
O O ol

m

National Univer
Brian P. Schmidt

T (gz'M‘gz';‘\) =

—
D
T T

Supernova
Cosmology
Project

'._J—

vl P

mewood Photography

Photo: Ho

Adam G. Riess
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Type 1a Supernovae

Type 1a supernovae are used as The progenitor of a Type Ia supernova
standard candles.

SNe la occur in binary systems ‘\ ® \.\ 2 . o
- ~ = . . —)'

where one of the two stars is a

b h. d 'F ...which spills gas onto the
caroon-oxygen w ite dwart. Two normal stars The more massive secondary star, causing it to
are in a binary pair. star becomes a giant,.. expand and become engulfed,

The efficiency of the explosion after c - (-\

accretion is determined by the core
temperature and ultimately by the
The secondary, lighter star The common envelope is

mass O'I: i'he star and the core of the giant ejected, while the separation The remaining core of
star spiral inward within between the core and the the giant collapses and
a commaon envelope. secondary star decreases. becomes a white dwarf,

The peak luminosity can be used as
standard candle, since this type of
stars have similar masses.

o
The aging companion The white dwarss ;

star starts swelling, spilling increases unfil it reathes'a ...causing the companion

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

Image from : NASA, ESA and A. Feild (STScl)
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Recent Data

Rebinned version of the data from arxiv-1401.4064
500000 | | | | | | ' | |

Empty Model

Flat Dark Energy Mode
""" Closed Dark Energy Mode
Einstein - de Sitter Model

----- Dusty EdS Model
400000 |- Closed Matter Only Model — - N
de Sitter Model &

-
-
-
-
-
-
-
.O
-

----- Evolving SNe
® Binned SNe

[5) - .

S 300000

2

=

=<,

N 200000 - -
100000 [ -

0 l | | 1 1 | I . | |
0 1 2 3 4 5 6 7 8 9 10 11
Luminosity Distance [Gpc] =%
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