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Galaxies as far as the eye can see!
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Figure |  The LF of field palaxies (lop) and Virgo cluster members {bottom). The zero point
of log oi M} is arbitrary, The LFs for individual galaxy tvpes are shown. Extrapolations are
marked by dashed lines. In addition {o the LF of all spirals, the LFs of the subtypes 5a +5h,
Sc, and Sd+5m are also shown as dotted curves. The LF of Irr galaxies comprises the Im
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over all types (heavy line),



Star formation
peaked 13 billion years ago, almost done
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The Dark Side of the Universe
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Standard Model of

FUNDAMENTAL PARTICLES AND INTERACTIONS

The Standard Model summarizes the current knowledge in Particle Physics. It is the quantum theory that includes the theory of strong interactions (quantum chromodynamics or QCD) and the unified
theory of weak and electromagnetic interactions (electroweak). Gravity is included on this chart because it is one of the fundamental interactions even though not part of the "Standard Model.”
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1.7771 n mm ) Quarks Confined in Mesons and Baryons
Atom . One cannot isolate quarks and gluons; they are confined in color-neutral particles called
Size = 10°'%m hadrons. This confinement (binding) results from multiple exchanges of gluons among the
color-charged constituents. As color-charged particles (quarks and gluons) move apart, the ener-
- - 'n them increases. This energy eventually is converted into addi
figure below). The quarks and antiquarks then combine into

Electric charges are given in units of the proton’s charge. It 2en to emerge. Two types of hadrons have been observed in
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. Two protons colliding at high energy can ©2000 Contemporary Physics Education Project. CPEP is a non-profit organiza-
An electron and positron '—0 produce various hadrons plus very high mass tion of teachers, physicists, and educators. Send mail to: CPEP, M$S 50-308, Lawrence
A neutron decays to a proton, an electron, (antielectron) colliding at high energy can B particles such as Z bosons. Events such as this Berkeley National Laboratory, Berkeley, CA, 94720, For information on charts, text
and an antineutrino via a virtual (mediating) annihilate to produce BY and B° mesons one are rare but can yield vital clues to the materials, hands-on classroom activities, and workshops, see
W boson. This is neutron j decay. via a virtual Z boson or a virtual photon. structure of matter.
http://CPEPweb.org

not exact and have no meaningful scale. Green shaded areas represent
the cloud of gluons or the gluon field, and red lines the quark paths.
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Rests upon three myste

All implicate new physics!



Some key facts about the

Universe

A Expanding (Hubble, 1929)
A Accelerating (Riess, Perlmutter and Schmidt)

A Isotropic and homogeneous (large scales today 1
> 100 Mpc 1 anghat early times):"distribution-of
galaxies today. and CMB .

A Hot big bang i quark SOm:fbegmnmg
A Gravity driven structure formation

A Much more than meets the
A Precision parameters and ¢

cks
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Expansion Is
accelerating
due to dark
energy
(something

like quantum
vacuum
SNEI A

cosmological
constant
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Isotropy (same In all directions):
Galaxy Distribution on Sky
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1992 COBE

k AT = 3.353 mK

w8 "Cvusr“)

X
€

J s

@

}D‘
(=]

& I)(

(wmsM“‘
1= 2.7255 £ 0.0006 K

| X7 = - A 7Y L= Q‘\, e X
P Tl s h.3 £\ O NL 2D # o

\ 6651’ BLACK 52D KioWN "







The Universe circa 380,000 yrs
WMAP

+0.001% Fluctuations
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CMB EXxperiments




Curve = concordance cosmology
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Curve = concordance cosmology

WMAP7
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CMB anisotropy
IS a non-trivial
map of density

Inhomogeneity to

temperature
fluctuations: -
Mapping
depends upon
cosmological
parameters
(good news!)

Multipole ¢
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based upon precision measurements

AFrom quark soup to nucleiand atoms to
galaxies and large-scale structure

AFlat, accelerating Universe /
AAtoms, exotic darl?atter‘& dark energy
AConsistent with.inflation )

APrecision cosmological parameters
iY,=1.005 0,006 (uncurved') P

Y, =0.273 + 0.014 y

i \:(B = 0.046 + 0.0016 F -
1Ype=0.73+0.015 Consistent with all
I Hy=70.4 £ 1.3 km/s/Mpc

Ity =13.75+0.11 Gyr

data, laboratory
i N, =3.86 + 0.42 and cosmological!




Tracing the history from a slightly lumpy
Universe to galaxies ablaze




