John Mather Visit
Nobel Prize in Physics — 2006
for Cosmic Microwave Background measurements

THIS WEEK
*  Wednesday 1:30-3:00 BPS 1400
BS session with astro students & faculty.

* Wednesday 8PM  BPS 1410 (refreshments at 7:30)
Public Lecture

“The history of the Universe in a nutshell: from the Big Bang to life and the end of

time”

e Thursday 4:10 PM  BPS 1415 (refreshments at 3:30 in BPS 1400)

Physics & Astronomy Dept. Colloquium

“James Webb Space Telescope: Science Opportunities and Mission Progress”

A Prediction

* Cooling of Universe (Alpher & Herman, 1948)
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* Hot universe = filled with free electrons
* Electron opacity = black body radiation field
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» Universe becomes transparent.
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* = relic of black body radiation field should be observable today.




Redshifted radiation =» black body radiation field
for a lower temperature

u, , A,, T = present (observed) values

s dA = % A\ | u(R), 4 T(R) = values when R=R(1)
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Both shape and energy density
are predicted.
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2.728K blackbody
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Cosmic Background Explorer

* COBE satellite (1991).
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Isotropy of the Cosmic Microwave Background
Black body ) s
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* Dipole Anisotropy ~ 1 part in 300
* 600 km/sec motion of Local Group After removing
in grav. field of larger scale mass dipole
concentrations.

Red - blue = 0.0002°K.
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Saha equation:

When did decoupling occur?

Collisional ionization rate = Recombination rate
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Y = "
=2 R~7.2x10*
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« Taking composition and radiative transfer into account:
T jee=2970K Zgee = 1089
R e =9x10* t70e = 379,000 yrs.
Decoupling also called “recombination”
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During the Radiation Era:
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Logt in matter era.

1/2

s
o\ss, (mRT = T €

Terminology...
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The History of the Universe

Cosmic Microwave
Background
_ First Galaxies
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Planck Formation Galaxy Now
time of H, He, Li Formation
Inflation Decoupling of
CMB
Hot » Cool
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Primordial Nucleosynthesis

Radiation era
R(t) o tV/2

T(t) oct 22 aomh

from Weinberg
~ . “The First Three Minutes”

t=10%s, T=10%K

pr+e = n+Vv, ,etc
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Primordial Nucleosynthesis

Big-Bang
Nucleosynthes
Reaction

Network
[CO Fig. 29.13]

. 12
IS
10 3
4H
7

He production
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He/Total =

Latest
0.248
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2 L SO extrapolate to Z = 0.

Stars make He + metals. 1 i

=>» Mass fraction of “He / total baryons
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Measuring Baryonic Matter Density — Version I

“He/total =» doesn’t depend on details

But trace element abundances

depend strongly on pgaryon(). T(2)
> g, from RT = constant,

p=p/R < p,T?

Baryons:

Particles made of 3 quarks
= protons, neutrons, + ...
= “normal matter”

Hard to measure primordial values.

AProblem: d, 3He, 'Li easily destroyed in stars.

Abundances

d, Li, *He =>
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Baryon
.

Better determination from CMB
fluctuations (WMAP)

Q =0.044

Baryon

[CO Fig 29.14]
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