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But what can we actually

measure that will tell us which

ke universe we live in?
As a function of z:

Some theoretical parameter sets:
R(t) vs. t
o Quvs. Qg

Apparent mag. of standard
candles.

Angular sizes.

Curvature k, dR/dt, d2R/dt2

Space density of galaxies.

Are two numbers enough?
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The paths of photons through space-time

Idealized
(R-W metric)
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Redshift and Cosmological Time Dilation
(See pg. 1200)
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Both red paths are R(t) A, [CO 29.142]

comoving distance @, long.

Proper distance
= the current distance to a distant object.
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On Flat Surface

At the current time (using R(ty) = 1):
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The particle horizon
Horizon distance = distance a photon has traveled since t = 0.

[ " 97 e Forapho
ora oton
uR(t) 1J1 ko = \l—ka P
o " “"l’
1,(t) = R(1) cdt d, (1)=R(n/ -
@ Jo \./ ()_[ R(I') A Jo R(1")
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In practice:

._ Luminosity Distance [CO pg. 1209]
- L . bodrR :od7
(‘ F=—, &= .[_ rarra =% |, 7@
- 4rd _ »
)= ’ z
L 1@ L Vol + 20 + Qo1 + 2% + Qao + (1 = Qo)1 + 27

5 drw?(l + z)?

C
Redshift & (1+2) dpo(z) = FOI(Z)

Time dilation = (1+2) dp =w@(l+2)

c (=

We need a @ - Z relation. S@=1@) Q=1
In principle: = \/%sm[;m /@1 @0
¢ R-W metric: )
W cdt _Iﬂe dao = ﬁsinll [!(:N 79;,] (< 1)
LR() Y J1-ka? : , M 3, 1 )
-’(:)=[ [I—“‘F!IU)Z +|:§+2q"+—q5+—(l—Q(;):Iz"+---}d:’
J~R<to> cdr :Jwe da 0 27 2
R(te) Rxd%t * J1-ka’ )=z~ % (0 +qu* + [% + %qo+ %q& + é(l - szo>}33+---
« Use Friedmann Eqgn to find dR/dt : ;
cz
° : o~—|1—-=(1 ; fi :
Then R(t)zliz o [ 5 ( +qo)z] (forz < 1)

Luminosity Distance

In practice

f‘ F f— LZ (because of that @#%$% cosmological constant)
S 4nd
L

¢
di(z) = E,(l +2)8(2)

) drw(l 4 2)?

Redshift = (1+z) oY= f(n —
Time dilation > (1+2) | dj = w(l + 2) Sa=1@  (@=1

]
T sin [.'(z)\/mJ - 1] (0> 1)

From previous slide: bout rlg.ht' .
I
1 = " o
w :fﬂ [1 S5 +‘IG)Z]' (forz & 1). =/ sinh [”ZJ - QU] (S < 1)

I
di(2) ~ ;—Z [1 +501 - qo)z] (for z < 1),

‘ m—M = 5log,,(d./10 pc)‘

c
(100 km s=! Mpe=")(10 pc)
+ Slog,o(1 + 2) + Slog,y[S(z)]
=42.38 — Slog;(h) + 5log,o(1 + z) + Slog,,[ ()]

[
(100 km s~! Mpc=")(10 pe)

] — Slog,o(h)

m—M:SIog,U[ ] — 5log,o(h) m‘M=5|°8|o|:

1
+510.Em(z)+510.gm[l T30 —qo)z] (for z < 1)

m— M >~ 42.38 — Slog,,(h) + 5log,y(z) + 1.086(1 — gq)z (forz < 1). [CO 29-188]|




q, — the accelerating universe

* Type la supernovae are best standard candles.
e Least scatter in luminosity
* 2 independent groups get same answer
* High-z Supernova Search
¢ Garnavich et al. 1998, ApJ 509, 74
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q, — the accelerating universe
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