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Abstract:

In this talk, | will present a general methodology for assigning boundary conditions to boundaries of a space-time, which may or
may not be singular, using the action principle alone. It is shown that Kasner-like solutions cannot satisfy this action principle,
when the initial singularity is included, thereby excluding generic initial data, assuming the validity of the BKL conjecture. We
further show that conformally regular geometries do satisfy this action principle. This argument, coupled with my co-authors’

previous work on the statistics of conformally reqular geometries, provides an explanation for the horizon problem without the
need of new physics beyond the standard model.
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What were the
initial conditions at
the Big Bang?

Credits: R. Penrose
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In the semi-classical approximation:

(2, h | 3o, ho) ~ exp(iSlgc]/h), 0S[ge] = 0.

To apply the semi-classical approximation to the Big Bang, we neced to
extend the action principle to space-times with boundary.
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The action principle

Hawking & Ellis (1973), Christodoulou (2000)

The classically allowed configurations of a field ¢ are critical points of the action,
1.€.,

d
= S:O/Dc[qa+ 586 = 0

for every compact region D and smooth function 0¢ vanishing outside D.
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2 f Lo+ sép| =0, suppd@ C D.
=0 D

ds |
S=

(a) D doesn’t intersect M.

The variations vanish outside D, and by
extension, on OM.

(b) D _doesn’t intersect OM.

The variations don’t vanish on D N oM.

| P66 =0
DNnomM

= "P[¢,0,9] =0,

where ¢ : OM — M is the inclusion map.
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Gravity (EH + GHY + perfect fluid)

K, —0 as t—0

where 1, is the induced volume form of the level lets of .

1. Conformally regular geometries, e.g., FLRW -+ non-linear perturbations, satisfy the
action principle.

. Sub-stiff fluids, e.g., dust and radiation, are compatible with this action principle.

3. For linear perturbations around FLRW, the action principle is equivalent to reflecting
boundary conditions at the Bang.

1. Kasner-like & BKL oscillatory solutions are ruled out.

5. Stiff fluids & kinetic dominated scalars are ruled out.
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Thank you for your time!




Thank you for your time!




