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ETERNAL INFLATION: DOES IT NEED A BEGINNING?, by Alan Guth

gr-qc/0110012, PRL 90, 151301 (2003), with Arvind Borde and A
Ir gfiationary Spacetimes Are Incomplete in Past Directio

1 hBiackground
% A) Eternal inflation
B} ds? =df® — *H%dE?, and geometric incomplete
. C) Borde & Vilenkin, PRL 72, 3305 (1994).
2 Our Argument

A) Warmup — Nonrelativistic calculation
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B) Real Thing — Relativistic calculation

3. Conclusions
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False
vacuum

- New Inflation  Chaotic Inflation

atmn False vacuum decays exponentially, but much slower than zhe

expansmn < the volume of false vacuum increases exponenttaiiy with
;“zwm‘i Vilenkin. 1983

Inﬁatson. Random quantum fluctuations are superzmpcsecﬁ on the
wnward motion of the field. In a2 Hubble time, each Hubble volume
¢® ~ 20 Hubble volumes, each of which behaves independently. If
§uctuatxorx J > 1/20, then the volume with ga > Pinitial inCreases with
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fed that eternally-inflating spacetimes must be past»-mcompi
mber of assumptions, including:

st voizxme difference cundstmn if Pis in the fumre of P ¢t
;mts that are in the past of P but not in the past of P hav
| e{that is finite.

eak energy condition: p+p > 0. (More generai%y, the condition is that
fg > @ in all frames.)

%%sh%%é is a purely kinematical effect, independent of the dynamics of GR
therefora mciepeadent of any energy conditions. |

articles are cars. Consider a geodesic observer moving relative to them.
observer's frame, the cars are moving by. If the first car passes at 70
km/ hr, and the cars are moving apart, then the next car will not pass at
80 km/hr*

How the observer backwards in an expanding universe, she speeds up. But,
Caicuéatmn shows that if H > H.., > 0 in the past, then she will reach

ee thgs, imagine a universe with 1D space, and imagine that the comoving }
§peec§ of light in a finite proper time. E
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expansion condition: We use the term average expansion condition
ribe the property that a congruence of comoving test particle trajectories
ind so that H,, > 0 everywhere along at least one past-directed geodesic.
rion exciudes, for example, the complete de Sitter space. -

em ¢ can then be summarized by saying that any spacetime region satisfying
e expansson condition cannot be geodesically complete in

{ers: E‘here is of course no conclusion that an e%:emaf!y in
e a unique beginning, and no conclusion that there is an
ngth of all backwards-going geodesics from a given point
s with regions of contraction embedded within the expanding
de our theorem. Aguirre & Gratton have proposed a mod
em, in which the arrow of time reverses at the ¢ = —co hy
rse “expands’ in both halves of the full de Sitter space.

Claim: An eternally inflating model of the type usually assumed, whi
the average expansion condition, cannot be complete. Some physi
inflation would be needed to describe the past boundary of ihe in
One possibility would be a quantum origin. v

Cyclic Maéei; of Steinhardt and Turck: This is an example of 2 sim
inflating model, for which our theorem applies. Along the bran
produces a net expansion for each cycle. This implies that backward-
geodesics have a finite affine length, and hence some initial boundary
to be specified. The theorem éoes not exclude however, the possibi
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