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THE CONTEXT OF MY TALK

Application of classical general relativity to the cosmological modeling

We want to solve the Einstein equations R, — %Rg_“ o = Tyt

no cosmological constant appearing

v

We want to find new exact analytical inhomogeneous solutions in cos-
mology for addressing the structure formation problem without the
need of invoking the existence of any exotic fluid, or scalar field, or quan-
tum mechanical process, and without the need of restricting ourselves to
perturbation theory

Studying the way the solution approaches the initial time singularity we
can check whether we fulfill the Belinskii-Lifshitz- Khalatnikov local-
ity conjecture, according to which the spacetime approaches homogene-
ity and isotropy, implving that spatial derivatives can be neglected in favor
of time derivatives inside the Einstein equations which can therefore be
reduced to a system of ordinary differential equations (Lifshitz E M and
Khalatnikov I M 1963 Adv. Phys. 12 185; Belinskii V A, Khalatnikov I
M and Lifschitz E M 1970 Adv. Phys. 19 525; Belinskii V A, Khalatnikov
[ M and Lifschitz E M 1982 Adv. Phys. 31 639)



APPLICATIONS OF THE GEROCH-STEPHANI GENERATING TECHNIQUE
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e Generation of the first Gy stiff
(considering a Bianchi V seed)

Meaning of these words:

e (7{: the metric admits one and
one we used for applying this te

o Stiff Auid: the matter content ¢
in the Einstein equations obeys



e Spike: our solution is spatially inhomogeneous and in particular it
displays a sharp profile in the matter density parameter

e Seed: the metric we start from
Seed in our papers:
ds® = sinh(2t)[—dt? + dz* 4 ¢** (tanh®(t)dy? + tanh™ °(¢)dz?)]

Special subcases
(see the book Ed. by J. Wainwright and G. F. R. Ellis, “Dynamical systems in
cosmology”, Cambridge University Press, Cambridge, 1997):

e s = (): isotropic open Friedmann solution
e s = *1: Bianchi V solution for stiff matter

e s = ++/3: vacuum Joseph solution

& = 0p—yd, — 20, (

g 2 — ay
5 3 - az

KVFs of this seed:




A CLOSE UP LOOK AT OUR NEW SOLUTION



MATHEMATICAL AND PHYSICAL PROPERTIES OF THE NEW SOLUTION

e This new solution is of the most general Petrov type 1.

In fact the asymptotic form of the early-time attractor, which i1s a Jacobs
stiff fluid solution, is of Petrov type I, and hence the new solution must
also be of Petrov type L.

e [ate time behavior of some invariants:

Hubble function: H = TEIJD-‘;+1]I =L Ole™>)

Matter parameter: §2,,, = 5—4 =4+ 0(e~*1)

Curvature parameter: {1} = % + O(e~?T)
Shear: ¥2 = 8 4+ O(e~7)

e Our solution anisotropically approaches a vacuum state. Indeed, the
transformed solution does not isotropize since ¥ asymptotes to a non-zero
constant value at late times.

Moreover the asymptotic late time vacuum state is not Milne since its
Weyl tensor is non-zero.



THE SPIKY BEHAVIOR

5 -5 >

Y
A. Coley, D. Gregoris, W.C. Lim, CQG (2016) & (2017); arXiv:1606.07177 & arXiv:1705.02747



MORE ON THE SPIKY BEHAVIOR
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CLOSE TO FL SOLUTIONS

d, i.e.

E)dy2 + tanh™° (t)dzz)]

bang time, indicating that
lution, i.e. that is closed to

In sinh{2T}) In sinh{2T})



CONCLUDING REMARKS



