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Abstract: | will discuss the detailed process by which slow contraction smooths and flattens the universe using an improved numerical relativity
code that accepts initial conditions with non-perturbative deviations from homogeneity and isotropy along two independent spatial directions.
Contrary to common descriptions of the early universe, | will show that the geometry first rapidly converges to an inhomogeneous, spatially-curved,
and anisotropic ultralocal state in which all spatial gradient contributions to the equations of motion decrease as an exponential in time to negligible
values. Thisis followed by a second stage in which the geometry converges to a homogeneous, spatially flat, and isotropic spacetime. In particular,
the decay appears to follow the same history whether the entire spacetime or only parts of it are smoothed by the end of slow contraction.

Zoom Link: https://pitp.zoom.us/j/954412388927pwd=TUh4MjhIMHJIGTDNCL OV INUKSWWFZQT09
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Ultralocality
and the robustness of slow contraction
to cosmic initial conditions
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“hard’ problem of cosmic initial conditions:

How "big’' is the basin of attraction of the
Friedmann-scalar ODE fixed point?

mathematical challenge % computational challenge
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Orthonormal tetrad formulation

{:1:03 $1:$2a$3} —3 {60: €1, 62363}

metric: €q ' €8 = Tap

variables: ex" ., Yaps = €a - Vsep

To evolve Einstein-scalar PDE system:
choose appropriate tetrad frame & coordinates

frame gauge fixing:

Fermi propagated axes

= hypersurface orthogonal timelike congruence

coordinate gauge fixing:

zero shift + constant mean curvature slicing

= time parametrization: e'=6
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Evolution scheme °
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. 2
Initial data
on to-hypersurface with CMC 1/0;:
geometric variables scalar-field variables
= 7 = r -
’E“b} {6z, t0), Q(z,t0)}
/ freely chosen
fixed by choosing
— .4
gij = 9" (2,10)di; our numerical
‘ freely chosen vacuum scheme allows for
fixed by contribution, ‘rest’ fixed by varying ALL freely
Hamiltonian momentum constraint specifiable
constraint

variables
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Scalar Field
Clurvature

Time=0
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463/463 (12291) (5.8¢+00 , 1.4e+00)

147.14
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Ultralocality
arXiv: 2201.03752, 2103.00584

ﬁtﬁab = — (N — l)ﬁab + N(?ﬁ(ucib)c - ECd(aEciagib)d) — ECd(uib)dEciaiN
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Ultralocality
arXiv: 2201.03752, 2103.00584

atﬁab = — (N — l)ﬁab + N(?ﬁ{acib)c - ECd{ﬂEciaiib)d) — ECdtuib)dEciaiN

Tirne=0

r.h.s. - all terms
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Ultralocality
arXiv: 2201.03752, 2103.00584
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Ultralocality
arXiv: 2201.03752, 2103.00584
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Ultralocality
arXiv: 2201.03752, 2103.00584
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Ultralocality ¢

arXiv: 2201.03752, 2103.00584
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Ultralocality
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from analytics to computation & back

numerical “experiments’ yield evidence for ultralocality

analytics: scaling FRW solution is “stable’ attractor in the
ultralocal limit and has a large basin of attraction
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Key ideas of the analytic argument:

= work in ultra-local limit as established by numerical analysis
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Key ideas of the analytic argument:

= work in ultra-local limit as established by numerical analysis

= notice: e T P ()
in particular, remaining geometric variables commute and share eigenvalues

= show: eigenvectors at t; remain eigenvectors at any later time

= show: only “stable’ stationary points of the eigenvalue dynamics are FRW and Kasner-like
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FRW fixed point has a large basin of attraction
arXiv: 2006.04999; 2006.01172
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2.0 - smoothed
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For the Kasner-like fixed point, @
the basin of attraction is small.

arXiv: 2104.12293
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For the Kasner-like fixed point, [
the basin of attraction is small.

arXiv: 2104.12293

Time=-108.974
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corollary:
common descriptions of the early universe do not
capture the true dynamics during smoothing slow
contraction
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Spin-Offs & Future Directions

Primordial Perturbations
Cyclic Cosmologies

arXiv: 2109.09768; 2102.03818; _
arXiv: 1904.08022

2012.08249

Singularity Problem
arXiv: 1809.0/010; 1/10.059%0

Dark Energy

- 1 . L
Black Hole Physics arXiv: 2201.0770

arXiv: 2108.07101
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Key ideas of the analytic argument:

= work in ultra-local limit as established by numerical analysis

= notice: €a"Mp°8 g = 0,
in particular, remaining geometric variables commute and share eigenvalues

= show: eigenvectors at t; remain eigenvectors at any later time

=  show: only “stable’ stationary points of the eigenvalue dynamics are FRW and Kasner-like
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Ultralocality
arXiv: 2201.03752, 2103.00584
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FRW fixed point has a large basin of attraction
arXiv: 2006.04999; 2006.01172
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Ultralocality
arXiv: 2201.03752, 2103.00584
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