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Spacetime geometry

e Robertson — Walker metric

e i
ds® = dt* — a*(t) 1 —Tkr2 - r2df* + r* sin” Hdgbz_
 Friedmann equations
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Distances

* | ine-of-sight comoving distance
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 Luminosity distance

dr(a) =dp(a)/a

 Angular diameter
distance;

da(a) = ady(a)

distance in Gly or age in Gyr

Distances

Comparison of Distance Measures 0 <z < 0.5
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Distance at high redshitt: Accelerated expansion

e Standard candle
* prightest galaxies in rich clusters
* [ype |la supernovae
e Dpright
* physics well known, with variations correctable

e |uminosity distance as a function of redshift



Distance at high redshitt: Accelerated expansion

e Standard candle

* prightest galaxies in rich clusters

* [ype |la supernovae 3,
e Dpright At
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* physics well known, with variations correctable
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e |uminosity distance as a function of redshift



The Supernova Cosmology Project and

The High-z Supernova Search Team
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The Supemova Cosmology Project and
The High-z Supernova Search Team

X2(H07Qm,QA) — Z (:up,i(zi;H(),Qm,QA) — luO,i)Z
_ 2

O : 2
O —I_O-’U

@(’si;.
aye -
Op %~ o Expands oW
o Recollapses QAQO ]
S _
MLCS
00 05 10 15 20 | A Riessetal, 1998
5 10 15 20 25 |



Supernovae cosmology today
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Supernovae cosmology today

Supernova Cosmology Project

Suzuki, et al., Ap.J. (2011)
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Angular diameter distance

o Definition

o Current measurements of angular diameter distance
e Baryon acoustic oscillation
* Cosmic microwave background

 Weak gravitational lensing



Angular diameter distance —
aryon Acoustic Oscillation




Angular diameter distance —
Baryon Acoustic Oscillation (BAO)
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Angular diameter distance —
Baryon Acoustic Oscillation (BAO)
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Angular diameter distance —
Cosmic Microwave Background (CMB




DT [uK?]

ADIT

Angular diameter distance —
Cosmic Microwave Background (CMB)
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Angular diameter distance —

Cosmic Microwave Backaround (CMB)

Orq = Hpq/(apqda)
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Further probe of dark energy —
(Galaxy clusters
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