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* BKL conjecture
e Excellent example of gravitational chaos
* Quantum problem is unsolved
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All these approaches use geometric time
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What is the dynamics in matter time?



Hamiltonian approach
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D u St ti m e Husain & Pawlowski (2012)

Surfaces of constant time = level surfaces of dust
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Bianchi IX in dust time
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“Free particle” = (Dust) Kasner
Hp, = —e*}(p% + 2 — p3)

Kasner Solution:
H,=0: a; = th



“Free particle” = (Dust) Kasner
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Pl = —(-3352(],); + p° = p5)
Kasner Solution:
Hp =0: a; = tpf';
Dust Kasner Solution:
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a; = (t — D)Pi(t 4 T)2/37P



“Free particle” = (Dust) Kasner
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Ha = )()(II)Jr + p2 p(“)))
Kasner Solution:
H,=0: a; = th
Dust Kasner Solution:
Hey =20
= (t — I)Pi(t +T)%/37Pi
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Characterizing Dust-Kasner

Three relevant integration constants
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Particle in a box
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At each wall one term in V is dominant
and perturbs the DK Hamiltonian
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Particle in a box
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At each wall one term in V is dominant
and perturbs the DK Hamiltonian
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Bianchi IX dynamics can be regarded as a series

of bounces between Dust-Kasner solutions



Dynamics near one wall
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Dynamics near one wall
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Dynamics near one wall
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Dynamics near one wall

p : p : 1.
(?Q) Sin 6y — (%2) sin 0; = 9 sin(0; + 0¢)

VacuumCase: H, =0 — | = p%

1
sinf; —sinf; = 5 sin(6; + 6¢)

Asymptotic Limit: W 50 = I'— P(g)z



Conclusion

Dust time gives a new physical picture.
Complementary to the other approaches.

New transition law for dynamics away from
the corners

Bonus: The simple form of the Hamiltonian
allows a straightforward construction of the
path integral for Bianchi | with dust



