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MATJOR PARADIGAM CHAANGE
IV PARTICLE PHYSICS AAND COSMOLOEY

COSMIC  SUPERSTRINGS



CONSTANTS OF NATURE:

PARTICLE AMASSES
COUPLING CONSTAANTS

GN; PV .

WHAT DETERMINES THEIR VALUES

FUNDAMENTALIST ” APPROACH

ALL CONSTANTS OF NATURE
ARE TO RE DETERMINED FROM
THE FUANDAMENTAL THEORY.

= VERY LIMITED SUCCESS.



\N EVERYTHING BE CALCULATED
FROM FIRST e PLES T



"ITNNUMERABRLE SUNS EXIST

INNUMERABLE EARTHS REVOLVE

AROUA/D THESE SUANS
LiviaMnG BEINGS INHABRIT THESE WORLDS,
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ANTHROPIC WORLDVIEW.

AR St

ONSTANTS OF NATURE ARFE
TOCHASTIC VARIABLES AND TAKFE
JWEFERENT VALUES N DIFFEREANT
ARTS OF THE UNIVERSE,

$ THE VALUES WE OBSERVE
ARE DETERMINED BRY CHANCE
AND ANTHROPIC SELECTION.

ALLOWS QUANTITATIVE PREDICTIONS
AT SPECIFIED CONFIDENCE LEVEL.






HE_COSMOQLOGICAL CONSTANT

Py — VACUUM ENERGY DENSITY

HEORY:
NATURAL" VALUE: p, ~ M”
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UPERSYMMETRIC THEORIES:

M"’Msusy ~ '0 GeV
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ISMOLOGICAL _ CONSTANT PROBLEMS

) WHY IS p, SO SMALL

WHY DO WE LIVE AT THE
EPOCH WHEN @, ~ Pp, ¢



[ OTHER PAQ.A ’§“‘ i"%:‘i‘
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JPPOSE P, TAKES DIFFERENT VALUES '
J DIFFERENT PARTS OF THE UMIVERSE.

0T GALAXIES ARE IN REGIONS
'HERE 2, % 1.

Pv = C‘*av)‘s Pm £ &pPpm
v << Pm IS UNLIKELY DVE TO SMALL RANGE.
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[ SIMILAR ANALYSIS FOR p, <o, |



RORABILITY DISTRIBUTION For Py
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e Il + INFLATION

const W THE
VTHROPIC w
’:"-“’\’-‘%m‘m i

1g(P,) - STANDARD ASTROPHNYSICAL PROBLEM.
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INTHROPIC SOLUTION TO CCP ‘s

\Ne:nbeq 217
Linde &6
Barcow « Tipler &¢
AV. 98
ELstathioun 98
Mactel, Shepiro v Wenbers 9.
Gore: 8°. Livio + A/ 0O
Bludmon 00

BRSERVATIONAL EVIDEANCE FOR CC: 199¢.



ANT HROPIC APPROACH REQUIRES:

A PARTICLE PRHYSICS MODFEL WITH
A VARIABLE Pv.

A COSMOLOGICAL “MULTIVERSE"” MODEL.



STRING THEORY ‘LANDSCAPE"

ULTITUDE OF DIFFERENT VACUVA.

Bousso + Polchingk! O

Sugckind 02
Dcuglas o3

NEFEREANT COMPACTIFICATIONS, BRAWNES, ETC,
500
_-_-> ~ 10 VACVA

WITH DIFFERENT VALUES OF o,

THER LOW-ENERGY CQNST%\AJT"&
RE ALSO DIFFERENT !



JOME_INTRIGUING POSSIBILITIES

Z .
Aew ~ 10 GeV  MAY 8E ANTHROPICALLY SELECTE]

IF Mgw WERE DIFFERENT RBY 1 ORDER
OF MAGMITUDE, THERE WOULD BE ANO
SVPERNOVA EXPLOSIONS,

=> N0 HeAvy ELemenTs Like C, O, erc.

THEAN THERE 1S NO MOTIVATION
FOR Low - ENERGY SUSY,

FERMIONS OF SSM mAY STILL BE LIGHT
( PROTECTED BY CHIRAL SYMMETRY).

NO LIGHT SCALARS CEXCEPT FOR THE HG6S)
umnc.mou OF CAUCE COUPLINGS IS UNAFFECTED.

Al‘cam-Hameol *Domopoulos 0v.
(Msusy) MAY OR MAY NOT FAVOR
LOW- ENERGY SUSY.

Banks, Dine + Gorbatovy 03
Doualas et.al. 03 0OY; Susskind 0¢.

PLICATIONS FOR CDM « ACCELERATOR EXPERIMENTS.
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EUTRINO MASSES MAY BE ANTHROPICALLY
SELECTED.

Tcamark, AV, + Po&o:mb\ Q4
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SMBINE THIS WITH INFLATIOA:
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LARGE REGIONS WITH
ALL POSSIBLE VvAaLUES
OF THE CONSTAANTS.




MAIN _CHALLENGES:

I

ALCULATION OF -ﬁ;nol‘ (dd)/ &f’\ T
b4 A RIAR »"
N PARAM
STATISTICS OF .

STRING THEORY VACUA
Douglag et. al

ENHANCEMEANT FACTORS DVE TO INFLATION.
Garriga « AV.

PHYSICS OF "ALTERNATE UAMIVERSES "
WITH DIFFERENT VALUES OF o, sf/f* n




_

MPORTANT _DIFFERENCE

P=1 FOR ORDINARY STRINES

P« FOR COSMIC SVPERSTRINGS
(can BE <<i),

# OF LONG STRINGS PER HORIZOAN

4
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'0SMIC__SUPERSTRINGS

‘= AND D=-STRINGS COULD BE FORMED
N THE EARLY UNIVERSE,

Tye et.al. 03,049 ; Dvali + AV. 0y
Copeland, Myers + Polchinski OY

MILAR TO “"ORDINARY' STRINGS.

HORIRON
vOLUME

'BSERVATIONAL EFFECTS.

® GRAVIT. WAVES
®@ CMB

@ GRAVIT. LENSING
® GRR's

@ COSMIC RAYS
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LENCTH OF STRING
\_—M/”w

‘azhin et.al. 03

Gu ~ (ewy = (O

ZEp ADDITIONAL TESTS.



CHALLENGES

FORMATION MECHAWNISMS
EVOLVTION — RIG GAPS IM VUAMDERSTANDING
FD - NETWORKS — POORLY UANDERSTOOD
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ORSERVATIONAL PREDICTIONS



QUINTESSENCE 7

V | Peebles+ Ratra. 8%
Wetterich &8

z\a:tev, Wan%
* Steinhardt 99

Mral ot

V() = M
T EARLY TIMES
P 7/Pm ~ "?g/M;-

¢ DOMWATES AT @~ Mp
- ACCELERATED EXPANSION.

AN ADJUST M S0 THAT P ~M, AT PRESEV

UT: Doks woT sowve CCPs.



SCALAR FIELD MODELS
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Pv - P/\ + V(Q}
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P 1S RANDOMIRED BY QUANTUM
SLUCTUATION S DVRIANG INFLATION.

VEED A SCALAR FIELD WITH A VERY FLAT
OTEANTIAL.

We‘mber% o1

~ Dwali ¢ AV O
" Dimopoulos + Thomas 03



