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Benchmark Model

k=0
Q.+ 0, + 0 =1
(2, =, + €,
Qm — Qbary + Qdm
Qmo = 031 Qro=9.0x107"°
Qpary,o0 = 0.048 | | Q,0=5.35x10""
Qdmo = 0.262| | Q,0=365x10""°
\ QA,O ~ (.69 /
- Rad. — Matter : Qe = 2.9 x 1074 L = 00 kyr
_1 O —8 —6 _4 _2 O Matter — A : amp = 0.77 tma = 10.2 Gyr
Now : ap = 1 to = 13.7 Gyr

log(H,t)
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Practical Distance Measures

Luminosity Distance Angular Diameter Distance

The “standard candle” approach
to distance measurement.

If you know you have the same
source strength of light, then
counting the number of photons
through a standard area detector
tells you the distance to the source.

Light from a point source
drops off according to the
inverse square law, a
strictly geometrical
relationship.
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Practical Distance Measures
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How distances are affected by underlying cosmology
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Dark Matter in Galaxies
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Dark Matter in Galaxy |
Virgo Cluster
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Inflation - quark soup - neutron capture - nucleosynthesis - recomb/decoup
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Surface of Last Scattering

horizon

Thomson cross-section
(“size” of an electron)

o, = 6.65 x 107’ m”

Scattering interaction rate

C
|'=—=—=n,0,

A

When photons scatter off of
- | electrons at the same rate
as the expansion rate:

H(z) = 1'(z)

Photons and baryons wiill
“decouple” from each other

mean free path of a photon

1
A
ne 0-6

mip
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# density of particles of Recombination H + Y=p+e

type x with momenta b/t

p—=ptdp N\ na (p)dp = g AT p*dp (minus for bosons,
x “h3 exp([E — pg|/kT) £1 plus for fermions)

. |

g —> 2 (for non-nucleons, g1=4)
chemical potential of photons =0

HH = [p T He
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Saha Equation
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neutron-proton ratio
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Abundances from Nucleosynthesis
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Creation process depends on relative
0¢ L abundances at any given time, so have
to calculate computationally
8§ 100 | Nucleosynthesis doesn’t run to
S completion like in stars — rapidly
L rem—— D _____ — dropping temperature cuts it off and
40 | “freezes” abundance pattern
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Exact yields depend most on baryon-
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Acoustic peaks
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Q.0 < 0.005
MgaS,O ~ 10 X M*,O

early universe measurements
Qpary.0 = 0.048 £ 0.003

Q0 = 0.31

baryonic matter only 15%
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Baryonic Matter

By the time of the Big Bang and thereatfter,
normal matter is the subdominant form of
matter in the universe, with some other
form of matter (hon-baryonic dark matter)
making up the majority of non-relativistic
matter in the universe

Could be primordial black holes that were
made before this time (i.e., not from stars).
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If universe is closed,
“hot spots™ appear

larger than actual size

b If universe is flat,
“hot spots™ appear
actual size

¢ If universe is open,
“hot spots™ appear
smaller than actual size
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Benchmark Model
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k=10
O, +Q, + 04 =1
(2, =, + €,
Qm — Qbary + Qdm
Qmo = 0.31 Qo =9.0x10"°
Qpary,o0 = 0.048 | | Q,0=5.35x10""
Qdmo = 0.262| | Q,0=365x10""°
\ QA,O ~ (.69 /
Rad. — Matter : Qe = 2.9 x 1074 L = 00 kyr
Matter — A : ama = 0.77 tma = 10.2 Gyr
Now : ap = 1 to = 13.7 Gyr
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