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COMING SOON: ALAN GUTH's

VEU WORKSHOP MEMORABILIA WEBSITE

I will p ost these scans at

http://ctp.lns.mi t.edu / � guth/ VEUMe morie s.htm l
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INFLATION:

The Propulsion Mechanism of the Big Bang

Miracle of Physics #1: Gravit y can b e repulsive.

Negative p ressure = ) repulsive gravit y .

Scala r �eld p otential energy = ) negative p ressure.

If the ea rly universe contained a tiny patch of negative p ressure material , it

w ould gro w exp onentiall y and p ro duce a universe.

Miracle of Physics #2: Gravitational �elds have negative energy .

During in
ation, p ositive energy app ea rs as pa rticles, negative energy as

gravit y , with total energy = 0 and is conserved.
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Successes of Inflation

1) The universe is big| ab out 10

90

pa rticles!

2) Hubble expansion| what w as the

repulsive driving fo rce?

3) Homogeneit y and isotrop y| in the

conventional big bang (without in
a-

tion), cosmic micro w ave background

unifo rmit y requires communicatio n

� 100 times sp eed of light.

4) Flatness Problem | why w as the

mass densit y at t = 1 sec equal

to the critical densit y to 15 decimal

places?

5) Why no magnetic monop oles?

6) Nea rly scale inva riant, adiabatic,

Gaussian densit y p erturba ti ons.
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CMB:

Comparison

of Theory

and

Experiment

Graph b y Max T egma rk,

fo r A. Guth & D. Kaiser,

Science 307, 884

(F eb 11, 2005), up dated

to include WMAP

3-y ea r data.
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ETERNAL INFLATION

Almost all mo dels of in
ation a re future-eternal :

once in
ation sta rts, it never completely stops!

EXPLANA TION: The negative p ressure material

driving the in
ation is unstable and deca ys exp o-

nentiall y , but the space gro ws exp onentiall y much

faster.

CONCLUSION: In
ation generical ly p ro duces not

just one universe, but a multiverse containin g an

in�nite numb er of p o ck et universes.
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DE SITTER INVARIANCE

IN THE MULTIVERSE, AND

THE PERSISTENCE OF MEMORY

The sta rting p oint of eternal in
ation cannot b e exactly de Sitter inva riant |

a full de Sitter space is a hyp erb oloi d with an in�nite contracting past, and a

metastable de Sitter vacuum cannot survive such a past.

Ga rriga, A.G., and Vilenkin considered a to y mo del which assumed that the

nucleation of bubbles in a metastable de Sitter space b egins sha rply on an

equal-time surface in a 
at slicing. W e ask ed whether the pattern of bubbles

w ould ever relax to a de Sitter inva riant distributi on.

T o our surp rise, the answ er w as NO. The bubble collision p robabili ti es maintain

a p ersistent (i.e., p ermane nt) memo ry of the sp ecial frame pick ed out b y the

initial surface.
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KEY OUTSTANDING PROBLEM:

HOW TO DEFINE PROBABILITIES

IN ETERNAL INFLATION

See excellent reviews b y Alex Vilenkin (hep-th/0609193) and b y Serge Winitzki

(gr-qc/0612164).

THE PROBLEM: Everything that is p ossible will happ en an in�nite numb er of

times, so w e need to compa re in�nitie s to distinguish b et w een the p robable

and the highly imp robabl e.

F ORMULA TION: Most of the literature discusses the counting of observers living in

di�erent t yp es of vacua. I p refer a mo re mathematica l fo rmulation (suggested

b y La rry Guth): Given an a rbitra ry function de�ned on the eternally in
ating

spacetime, can w e de�ne the average value of the function?

WHY IS THERE A PROBLEM: If one selects a �nite sample volume and allo ws it to

app roach in�nite volume, the results dep end on the metho d of selection. The

ro ot of the p roblem is the exp onentia l expansion: volumes will not dominate

over surfaces.
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PITFALLS IN PROBABILITY DEFINITIONS

1) Youngness paradox: If the sample spacetime volume is cut o� at some

a rbitra ril y de�ned �nal time, then the exp onential gro wth will mean that the

sample is dominated b y p o ck et universes that fo rm just b efo re that �nal time.

The sample can b e overwhelmingly dominated b y very y oung p o ck et universes.

2) Freak observer paradox: Our observed universe is b eginning to exp o-

nentiall y expand, and that exp onential expansion might extend to in�nite times

in the future. Isolated \freak observers," o r \Boltzmann b rains," can fo rm as

quantum 
ucuations in this in�nite spacetime. If the future region has in�nite

w eight compa red to the current era, then even if the freak observer fo rmation

rate is incredib ly small, they w ould outnumb er us b y an in�nite amount.
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ANOTHER

KEY OUTSTANDING PROBLEM:

HOW DOES INFLATION

OCCUR IN STRING THEORY?

I will leave it to others to discuss this issue.

Alan Guth

Massachusetts Institute of T echnology

Inflation 25 Y ears After, Dec 17, 2007
{31{



Bottom Line:

W e have never had a mo del of the universe that w o rks so w ell (bigness,

Hubble expansion, homogeneit y , 
atness, absence of monop oles,

sp ectrum of densit y 
uctuations), o r that is so mysterious (da rk

matter, da rk energy , : : : ).

Dark Ener gy
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