Title: The Cyclic Model and the Cosmological Conundrums
Date: Nov 12, 2006 10:30 AM

URL: http://pirsa.org/06110061
Abstract: <span>Joel Erickson</span>

Pirsa: 06110061 Page 1/43



THE CYCLIC MODEL
AND THE COSMOLOGICAL

CONUNDRUMS

JOEL ERICKSON
ISCAP, Columbia University

with S. T. Gratton, P. J. Steinhardt and N. Turok
hep-th/0607164

Cosmology on the Great Lakes, 2006

Pirsa: 06110061



OUTLINE

.  The cyclic model
. Evolution of scales

lll. The cosmological conundrums
IV. Global structure

Pirsa: 06110061



OUTLINE

.  The cyclic model
. Evolution of scales

lll. The cosmological conundrums
IV. Global structure

Pirsa: 06110061



THE POTENTIAL
V4

SECOND
FIRST BRIEF RADIATION AND
——— EXPANDING SATEEe bn e
EXPANDING KE PHASE PHASE KE PHASE i
* ﬂ
B w =] w=1]
O N ol -
1, S Pers : =
N CONTRACTING KE PHASE DARK ENERGY PHASE (.p
C - r_ —————
£ i w=-1

Pirsa: 06110061 Page 5/43

--------FV_J



Pirsa: 06110061

THE POTENTIAL

FIRST
EXPANDING KE PHASE

V4

SECOND
BH’EE Eoaimriperit I RADIATION AND
W e L =
MATTER PHASES
PHASE KE PHASE

B w=1] W=

O L
U — P,

N CONTRACTING KE PHASE 0 DARK ENERGY PHASE

C - f_ e ————

£ ==

Page 6/43

--------FV__;









Pirsa: 06110061

mMMZCQO®

THE POTENTIAL

FIRST
EXPANDING KE PHASE

w=1]

V4

BRIEF SECOND
e XPANDINC
W5 E [_ 3 MA
PHASE KE PHASE

RADIATION AND
TTER PHASES

.

0 DARK ENERGY

PHASE

r -

w=-1

--------Fv_J

Page 9/43






Pirsa: 06110061

THE POTENTIAL

FIRST
EXPANDING KE PHASE

V4

BRIEF SECOND
w1 EXPANDING E&QE&T_E%NH:SNE%
PHASE KE PHASE ! n

--------Fv_

-

B w=] W=

O -
U A

N CONTRACTING KE PHASE O DARK ENERGY PHASE

C i - I E—

E w=-]

Page 11/43



THE POTENTIAL
V4

. SECOND
FIRST BRIEF RADIATION AND
EXPANDING KE PHASE PHASE KE PHASE ot
* ﬂ
B w=1] w=1]
O V == -
@ 0
U end >
N CONTRACTING KE PHASE DARK ENERGY PHASE (.p
E —-

Pirsa: 06110061 Page 12/43

--------Fv__‘



SCALES |

: modes ax g
that re.afiten previous P —— next

“today” oy crunch/bang onecyclefromnow  crunch/bang “today”

Pirsa: 06110061 NEkp = 2 (’Y + Nrad) Page 13/43



Pirsa: 06110061

THE POTENTIAL

FIRST
EXPANDING KE PHASE

V4

SECOND
—" RADIATION AND
w1 EXPANDING MATTER PHASES
PHASE KE PHASE ; >

--------FV_

-l

B w=] W=

O -
U o

N/ CONTRACTING KE PHASE 0 DARK ENERGY PHASE

E w=-1]

Page 14/43



previous
crunch/bang

SCALES |

modes and
that Fe-erites
one cyche from now

next
crunch/bang

Pirsa: 06110061

Page 15/43



previous
crunch/bang

SCALES |

modes and
that Fe-srites
ane cyche from now

next
crunch/bang

Pirsa: 06110061

Page 16/43






SCALES |

: modes ext
that re-anters previous that re-sntes next

“today” oy crunch/bang onecycle fromnow  crunch/bang “today”

scale N 3 1
foxctor (a) grows by @ % ~ constant netqn:nrlhbyerﬂ MWEH“* vl;l'll'mm-!.I:!gr'Emt'k ~ constant netgnmhbyé” W'I-EFIEM'H
Hutstrle 3 N 2 2
dias (H-Y) —constant mhhhen‘“ an’ﬂ#ﬂthhr growsby @ ™ - constant ﬂwruhbyeu"“ Hmhheﬁ grows by € Nead
! modes : : ’
i ) — _Hehu“‘ ~&y3 re-enter ~ Ny exit L -N ot ~ &y} re-enter ~ Ny exit

Pirsa: 06110061 N Ekp — 2(7 + N l'ﬂd)

Page 18/43



SCALES I

Length scale Size relative to today’s horizon

Today’s horizon 1

Current wavelength of the modes that:

...were on the horizon one cycle ago eNdak +27/ 3+ Nrag
...will be on the horizon one cycle from now | ¢~ Naak=2y/3-Neaa
...were the first ones to go ultralocal during | e2y/3+Ned

the ekpyrotic phase one cycle ago

...were the last ones to go ultralocal during e~ Neap+2y/3+Ney

the ekpyrotic phase one cycle ago |
...will be the first ones to go ultralocal during| e~ Nauk

the coming ekpyrotic phase of this cycle |

-

...will be the last ones to go ultralocal during | e~ Naak—Nag
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NO HAIR THEOREM
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In expansion, smallest w dominates (inflation)
In contraction, largest w dominates (ekpyrosis)
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CONCLUSIONS

Large-scale structure in the cyclic universe is
generated by quantum fluctuations from the

previous cycle, without interference from older
structure.

The ekpyrotic phase is sufficient to make the

universe homogeneous, isotropic and flat. Dark
energy is superfluous.

The global structure of the cyclic universe

cannot be described by a uniform FRW
picture.



