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DARK ENERGY MODELS

anvp ANTHROPIC SELECTION.

A. VILENKIN

COSMOLOGICAL CONSTANT PROBLEMS:

® WHY IS P, NOT HUGE ¢

® WHY 19 2, ~ 2o~ 1 7
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GALAXY N\
( DOMINVATION EORMATION

ANTHROPIC SELECTION 1S THE ONLY APPROACH
THAT ADDRESSES BROTH PRORLEMS,

COMPLAINTS | @ uwepredicTIVE

@ ROBS US OF CHALLENGES

THIS TALK:

® ANTHROPIC MODELS FOR P,

@ EXTRACTING QUANTITATIVE PREDICTIONS
® THE IMPORTANCE OF TFprior

® ANTHROPIC PREDICTIONS FOR M,

@ CHALLENGES FOR FUNDAMENTAL PHYSICS.
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PROBABILITY DISTRIBUTION For @, .

¥ OF OBSERVERS WHO wWILL
:P(Pv)de °C MEASURE p, IM THE IWTERVAL dp,

g)(?v) df:v = nohs CP\«) g?r«‘or (e") 4 Pv

F‘LACIDN
OF VOLUME

# OF OBSERVERS
PER UMT VOLUME

AVv. 9%
FRACTION OF MATTER
n o<
obs (Pv) IN GIANT GALAX\ES (M~10"* Mg)

Freior (P = FROM W EFLATION.

IN A WIDE cLASS OF MODELS,

'Ph-r‘or (Pv) = const Wclnberg %
IN THE ANTHROPIC RANGE.

= Pk = fR).

A STANDARD ASTROPHYSICAL Martel, Shapiro
+Weinberq 92,

PRORBLEMA,
Efstatiiow 95,

CALCUVLATION OF
-FCP") 3 Presst+ Schechter 7‘!/

Py

Pe)y =< erfc [08 (F;Esj/s]

S =%p/p

Pm'3'3 2= const

DN GALACTIC SCALE,

DURING MATTER ERA.
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GARRIGA + A.V. (2003)
GARRIGA, LWDE +A.v. (2003)
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SCALAR FIELD MODELSY Be-w: 2 ETERNAL [NFLATION AV &3

LT Linde 8¢ Linde. 86

P, = Pa * V(%) Gareiga v AV. 00,

. oL 22
A SIMPLE ExAmpLE: V(@) =3 m7e" NELATING
Pa < O, e
pe *
gi:’j}?‘m THERMALIZED

> Lt ¢

\/ \Po

VISIBLE
V(¢) 'S VERY FLAT =p» SLOW ROLL: UNIVERSE
- 90
MV €p,~pm =p mgI0
@, ~ 1Pal /m > 10°° M. @ IS RANDOMIZED BY QUAATUA
VOLUME DISTRIBUTION Jheior (@) FLUCTUATIONS =% p, TAKES ALL POSSIRLE
— FROM THEORY OF INFLATION, VALUES IAN EACH THERMALIZED REGIOA.
peior (@ o Por; L) CAN BE CALCULATE
Brorr (o) = Trieeld prior (Bv) CAN B ULATED. 4y 19
-137 m

=}y NEED FPocior (@) = conct.

-9%0

10

IF < — £

< 10
Me

Foevor (o) = const
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SPACETIME STRUCTURE

(EXPANSION OF THE UMIVERSE IS FACTORED OUT)

INEIMITE
SPACELIKE SURFACE

THE UMIVERCE
CONTAINS AN
INEINITE #
OF INFPIMITE
POCRET
UNIVERSES

INFLATION
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4-FORM MODELS

FIYe® = Fehver

ouF =0,
Pv =-A+ 'é' Fz~
BUBRLE AJUCLEAT\OA:
AF =9 ~_Lance

ap, = FaF = (2/\)',13,

RUBRLE ANUCLEATIOAN

Brown +Teitelboim &8
Bousgso + Polchinski 00
Donoghue 00

Banks, Dine + Mot{ 00
Fenq, March- Russel(,
Sethi + Wilczek 00
G-a.rn‘ao. + AV Ot

DURING INFLATION

= F 1S RAADOMIRED.

ap, L pPm = 45

-‘Pr

-90, .2
107 My

cor = consT FOR A wiIDE RANGE OF

PARAMETERS,
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+ POLCHINSKY (2000)

N> FLUXES

='> DENSE SPECTRUM
FOR p,.

RUT: ANMEARRY

VALVES OF PV
CORRESPOND TO
VERY DIFFERENT F;

® o g ® ® & 4 o8 9% S s 00

=y DIFFERENT Porsor.

DIFFeReENT Fi v
DIEFERENT BVREBLES.

EACH BUBRLE— AN
INEIN ITE OPEA UMIVERSE,

NOT CLEAR HOW TO
CALCULATE 3)’51'-.'0!*.




Alexander Vilenkin, Tufts University (KITP Superstring Cosmology 10-23-03) Dark energy models and anthropic selection

Page 10

SMALL BRANE CHARGES FROM
SYMMETRY BREAKING

a a+2h a. - pseudo-Goldstone

F F+C" F].wa-r = MrvST F
MIXING: kol
::?AF E@:ZTH:

Mg, = k/N.

1, CAN BE SUPPRESSED BY A 3IYMMETRY:

N/
P >e e, a-»-a.

:;w <&

(CAN BE EMREDDED /NTO AN EXTENSIOA
OF THE STANDARD MODEL.)

CHALLENGE TO FUNDAMENTAL THEORY:

—

EXPLAINING THE SMALL PARAMETERS m, g,

@® LARGE SCALAR FIELD RENORMALIATION
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MODELS WITH SEVERAL SCALAR FIELDS

BoTH p, = V(¢.) AND 8 = l?WY;\
ARE VARIABLE.

:-";7 gbpr.‘or CPV, S) '

F ?rr.'br FAVORS SMALL g) Gm;aq <AV o2

w = PB/p, =i. Dimopoulos ¢ Thonas O3

IE (T FAVORS LARGE 8, THE SLOW ROLL
CONDITION IS ONLY MARECIANALLY SATISFIED

:{> RECOLLAPSE OAN A TIMESCALE
t~t,.

:’> OBSERVATIONAL PREDICTIONS

Dimopoulos +Thomas 03
Kallesh Kratochwl, Linde, Linder¥Shmakom 03

BOTH TYPES OF MODELS CAN RE CONSTRUCTED,

Garn‘aq’ Linde +AV 03

PREDICTIONS FOR NEUTRINO MASSES

YR

IS A STOCHAJ3TIC VARIABLE

witTH 4 (M) = const.

94eVv

(

[\

Jem

Plm,) < £(m,) = £ exp (- 4

SVUPPOSE m,
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