Cosmic Distance Ladder

= succession of methods by which astronomers
determine the distance to celestial objects
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Parallax

Distant ‘fixed' Earth's position
stars in June

Parallax angle

Nearby' star

tarth's orbit

Powered by Earth's position
LCO e in December
1 Au lpc=3.26lyr
' — 1” = 1 arcsec
Def. Parsec: 1. 50910 1

With the Hubble telescope: Can reach up to
5000 parsec.



Hertzsprung-Russell diagram

Hertzsprung-Russell Diagram
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Main sequence fitting
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Cepheids = periodically pulsating stars
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The ultimate standard candles for large luminosity distances:
Supernovae type la

The progenitor of a Type la supernova

‘ ‘

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

o .

The secondary, lighter star | The common envelope is
and the core of the giant | ejected, while'the separation The remaining core of
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 ‘
star starts swelling, spilling C ses a  ...causing the companion
gas onto the white dwarf. | critice ass and e 2S star to be ejected away.




Supernovae of Type la
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m-M (mag)

A(m-M) (mag)
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Top:Hubble diagram with
Supernovae type la:

Distance modulus m — M
= 5log(d, /10pc)

-uses “astronomer” units
rather than “physicist”
units (eg Mpc)

Points= observations
Curves= fits with different
cosmological models
(best fit = LCDM model)

Bottom: residuals of
data points from fits

Solid line shows
Accepted model
(LCDM):

Omega_ = 0.27,
Omega_Lambda = 0.73



angular diameter distance: D, /D,

angular diameter distance
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h(t,—t) [Gyr]

h(to_t) [Gyr]
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Lookback time vs. Redshift
for different cosmological
models

In both plots from top to
bottom we have increasing
contribution of Omega_m

Accepted model (LCDM):
Omega_ ~ 0.3,
Omega_Lambda ~ 0.7

Note age of the Universe
(=asymptotic limit of curves)
increases for increasing
Omega Lambda

Depends also on “h”, which
Is measured to be ~ 0.7



