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The Lemaitre-Tolman-Bondi model
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LTB coordinates:

1. Spatial coordinates are comoving with the fluid:
ub o« 5‘6

2. Thet = const hypersurfaces are orthogonal to the flow of the fluid:
U, < d,t

3. N =Lapse, r = arealradius and € > —1 is an arbitrary function



The Lemaitre-Tolman-Bondi model

(aRT)Z
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ds? = —N?(t,R)dt? + dR? + r%(t, R)dQ?
Anisotropic fluid T', = putu, + I1ete, + 2(65 + utu, — e”ev):

1. u" isthe 4-velocity of the fluid

Z. e" isaunitspacelike vector defining the direction of the anisotropy

3. p(t, R), II(t,R) and Z(t, R) are respectively the energy density, radial pressure, and
tangential pressure in the rest frame of the fluid



The Lemaitre-Tolman-Bondi model
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The Lemaitre-Tolman-Bondi model
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The framework — Symmetry reduction

Hamiltonian theory in Ashtekar’s variables
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The framework — Symmetry reduction

Hamiltonian theory in Ashtekar’s variables

« H[EZ; Al Spherical symmetry « H[E*X E?; Ky, Ko ]
: j—[[E Ag] — o Hy|E* E?; Ky, K]
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H =9 ¢ 3(m)
Hy = HD + H



The framework — Gauge fixing
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The framework — Gauge fixing

E®\’
ds? = —N?dt? + (ﬁ) (dr + N" dt)? + E*dN*?

Areal gauge: y = E*¥ —r? (second class with H,)
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[Husain, Kelly, Santacruz, Wilson-Ewing (2022)]



Semiclassical Lemaitre-Tolman-Bondi model
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[Wilson-Ewing (2024)]
[Cafaro, Cipriani, Fazzini, Soltani (2025)]



Dust — The Oppenheimer-Snyder model

Dust: fluid with no pressure, T', = putu,

OS: “homogeneous ballin a vacuum”, p(t,R) = p(t) 8(Ry; — R)



Dust — The Oppenheimer-Snyder model

Dust: fluid with no pressure, T', = putu,

OS: “homogeneous ballin a vacuum”, p(t,R) = p(t) 8(Ry; — R)

, y 1+eN'
N =0 a* =u'Vyut = 2 WSR =0 Dust follows geodesics
m=20 No fluxes inside the “star”



Dust — The Oppenheimer-Snyder model

e (R) = %sin(ﬁm

r(t,R) = a(t)xk(R)



Dust — The Oppenheimer-Snyder model
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Dust — The Oppenheimer-Snyder model
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Dust — The Oppenheimer-Snyder model

Credits:
Farshid Soltani
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Dust — The Oppenheimer-Snyder model

Credits:
Lewandowski, Ma, Yang,
Zhang
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Dust — Beyond the OS model

Non-homogeneous dust: p(0,R) = py(R)
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Dust — Beyond the OS model

Non-homogeneous dust: p(0,R) = p,(R)
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Dust — Beyond the OS model (Notan (2003

[Fazzini, Husain, Wilson-Ewing (2023)]
[Cipriani, Fazzini, Wilson-Ewing (2024)]
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Dust — Beyond the OS model (Notan (2003

[Fazzini, Husain, Wilson-Ewing (2023)]
[Cipriani, Fazzini, Wilson-Ewing (2024)]

o;u+ 0,.f(u,r)=0

ar _ [f(ur)]

= with [4] = lim A — lim A Rankine-Hugoniot condition
dt [u] r—Ly r—L_
Weak solutions: Israel junction condition atr = L(t)
* Huge ambiguity ds? = —ghdt? + 12dO?

« Shock moves spacelike in some regions
ds? = —ggdtZ + L2dO?

' PG time is discontinuous ’

[Fazzini, Mehmood (2025)]



Perfect fluid

Perfect fluid: 7%, = putu, + P(8} + utu,)

EOS: P(t,R) = wp(t, R)
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Perfect fluid




Perfect fluid




Perfect fluid

Shell Crossing singularity
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Perfect fluid — Vacuum

In Schwarzschild coordinates:
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Perfect fluid — Vacuum

In Schwarzschild coordinates:

ds? = —f(r)de? + T 4 12402
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In the dust case, this is a constant



Conclusions

* Singularity resolution:
Singularity replaced by a bounce (similar to LQC)

* SCS are still present:
How do we remove the infinity (weak singularity)?

* Future of the shock? Hawking radiation? Angular momentum?
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