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“Multiple universe” ... an oxymoron?

Before the many, define the one ...
What is “the universe”?
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Universe

From Wikipedia, the free encyclopedia

For other uses, see Universe (disambiguation).

The Universe is commonly defined as the totality of existence,'*¥ jncduding planets, stars, galaxies, the contents of intergalactic
space, and all matter and energy. "™ Similar terms include the cosmos, the world and nature.

The observable universe is about 46 billion light years in radius " Scientific observation of the Universe has led to inferences of its earlier

ctanes Thase nhearvatinne ennnact that tha | Inivarea has hean anvarnad b tha cama nhezical laws and cronstante thronohoed mnst nf

pictionary.com i

noun
1. the totality of known or supposed objects and phenomena throughout space; the cosmos;

Macrocosm.
2. the whole world, especially with reference to humanity: a truth known throughout the universe.

3. a world or sphere in which something exists or prevails: his private universe.



The universe (my working definition):

Everything that exists or could ever exist, in
principle, in our experience. (“Our
experience” includes things inferred by
instrumentation.)

Everything to which we are causally
connected, now or in the future.




Fecund multiverse
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Figure 1.1: Relative degrees to which different

multiverse concepts are scientific.
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Figure 1.2: Relative degree of quantum versus cosmological

character for different multiverse concepts.



Representation of Copemicus'
Cosmos taken from Johannes
Hevelws' Selenographia.







Edwin Hubble (1889-1953) and Milton
Humason (1891-1972) at Mount Wilson
Observatory combine Hubble’s distance

measurements (Cephied variable stars) with
Slipher’s reshift information and discover ...

Galaxies that are further away are moving
away from us faster

Hubble’s Law V=Hd
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Welcome to the
“expanding universe”!!

extrapolate back in time
find the age of the
universe - 13.7 billion
years.
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Type la SNe from Riess, Press and Kirshner (1996)

Light travels 1 Mpc in 3 million years
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Spectral lines (atomic absorption) can provide classification information
for the type of supernova and allow for recession velocity determination
using the relativistic Doppler effect (frequency shift of the light)
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Recombination

T~1eV ~3000K

From http://ned.ipac.caltech.edu/level5/Sept02/Kinney/Kinney3.html



Wavelength [mm]
2 1 0.67

FIRAS data
2.725 K Blackbody

Intensity [MJy/sr]

Penzias and Wilson and the antenna
used to first detect the CMB
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From http://aether.lbl.gov/cmb.html

From http://www.astro.ucla.edu/~wright/CMB.html
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Big bang nucleosynthesis
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Origin of elements
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» Expansion of space

Velacity [km/sec]

100 200 300

» Cosmic microwave background D stance e

Wavelength [mm]
1 0.67

Penzias and Wilson, 1964

FIRAS data with 400G errorbars
2.725 K Blackbody

Intensity [MJy/sr]

» Nucleosynthesis
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Flatness problem k = 41 The hot b|g ba ng?
. ‘\, From J.M. Overduin & PS. What utter nonsense!

L o T Wesson, Dark Sky, Dark Matter
\w (%] 24 ‘j .‘ (Institute of Physics Press, 2003)]

Magnetic monopole problem
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Geometry of the universe is ~ flat


http://www.youtube.com/watch?v=x8pupNMn5nI
http://www.youtube.com/watch?v=x8pupNMn5nI

History of the Universe - Curreal Pamdigom

\% ARG
COS((\ - A% (S ELEE& gron : * hg\’
x\O \er2t? s
. 0&\3 pec® £ HL‘?‘HW.
W ~1979 e B
Guth il
Linde .
Albrecht

Steinhardt Inflation
: Tl

KE}{: W, Z boeons AN\ photon
G quark ) meson star

g gluon @&ﬁbar}rm s
@ galaxy

€ electran ” N

Minuon { au .
1 neutring C@) gl ’ 4
hale

Particle Data Group, LBNL, © 2000. Supported by DOE and NSF



Flatness problem ko= 4
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""" Bullet cluster

Scanned at the American
Institute of Phvsics

Vera Rubin (published
with Kent Ford)
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Average distances between galaxies
relative to today's distances

Dark energy

Piot courtesy of the Supernova Cosmology Project at LBNL
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1f data had been in gold region, the
[ universe would eventually collapse.
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“The total energy — matter plus gravitational — remains
constant and very small, and could even be exactly zero. ...
If inflation is right, everything can be created from nothing,

or at least from very little. If inflation is right, the universe
can properly be called the ultimate free lunch.”

- Alan Guth
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What drives inflation? What is dark energy?

A non-string theorists view of a string theorist’s
view of inflation/dark energy

A viable string theory of reality (if such exists)
will have to be in 10 dimensions

Brane

Flux line

Pointin space

Compactification

Manifold of extra dimensions

Space Fig from Bousso and Polchinski, The String Theory
Landscape, Scientific American, 2004.

Figs from
http.//www.learner.org/courses/physics/unit/text.html?unit=4&secNum=4



Hot big bang + CDM + DE + inflation
Is this crazy?

Clues from the CMB

DMR's Two Year CMB Anisotropy Result

COBE

CMB, from ESA’s Planck mission website



WMAP CMB angular feature size power spectrum —
acoustics in the early universe!
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Temperature fluctuations [ K*]
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Temperature fluctuation 67" (pK)
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Eternal inflation and its implicationsi

Alan H. Guth

hep-th /0702178

Center for Theoretical Physics, Laboratory for Nuclear Science, and Department of

Physics, Massachusetts Institute of Technology, Cambridge, MA 02139
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Astmonemy & Astroph ysics manuscript no. Planck’ inflation’ driver & ESC 2013
March 22, 2013

Planck 2013 results. XXIl. Constraints on inflation

Plazck Collaboration: B AL B Ade™, M. A ghanimr™, . Ammitage - Caplan™, M. Amasd™, M. A shdoen™*, E Atrio-Barendela’™, J. Aumcnt™,
. Haccigalupi®™, A . Banday™'®, B K. Bameire®™, L (1 Bantlet' .| . Bartolo™, . Bazaner™, B Benzhed™™, & Bemcit™,

A Bencit ] vy ™ &5 1P Remard'®, M. }?-:rsamul"’" P Riekewjce ™ 108 J Hd:-ln“ J' J' Hu:l““ A Bonald®_J. K. Bond?, I Rl
E ¥ Benchat@® b Beidaasfis] M Bucherbs 0 Bebsani 3 B0 B2 1 T FeedrenTilsl & 0 7471

ABSTRACT

‘We analyse the implications of the Plandt data for cosmic inflation. The Planck nominal mission emperature anisotropy measuements, combined
with the WMAF large-angle polarization. constrain the scalar spectral index ton, = 009603 + (L0073, ruling out exact scale invariance at over S
Pland: e stablishes an upper bound on the & nsor-to-scalar ratio at r < 0011 (95% CL)L The Pland: data shrink the space of allowed standard inflz-
tionary models, preferring potentials with V' < (0 Exponential pote ntizl models, the simplest hybrid inflationary models, and monomial potential
minidels of deerme n = 7 do nd meowide a0 ooewd fie bo the dsits Planck does nod find stafisticallv sienificant mmmine of the sealar smeckml index

36 Planck Collaboration: Co

f'“‘“ﬂ = —5/4. The constraint 0.98 < rp < 1 then corresponds |
to —1.25 < fy* < —1.21. Taking into account the Planck result

j'“‘“ﬂ = 2.7 £ 5.8 (Planck Collaboration XXIV. 2013), we con-
clude that the Planck data are consistent with the scenario where
the curvaton decays into CDM when it dominates the energy
density of the Universe, and its fluctuations are almost entirely
converted into adiabatic ones.

11. Conclusions

This paper establishes the status of cosmic inflation in the con-
text of the first release of the Planck cosmological results, which
includes the temperature data from the first 2.6 sky surveys.
CMB polarization as measured by Planck will be the subject
ol a tuture release. We find that standard slow-roll single held
inflation i1s compatible with the Planck data. This result is con-
firmed by other papers of this series. Planck in combination
with WMA P Q-vear laree anenlar scale nolanzanon (WP vields <

o b e Em s S o B = PR Em R
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Cosmic inflation: "Spectacular’ discovery
hailed

By Jonathan Amos
Science correspondent, BBC News

BICEP2 collaboration

guardian
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Primordial gravitational wave discovery Eswe s
heralds 'whole new era’ in physics o
Gravitational waves could help unite general relativity and &1} 2
quantum mechanics to reveal a ‘theory of everything' Puait | 21
& Share 120
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The Guardian, Monday 17 March 2014 14.08 EDT
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