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The Schwarzschild solution tnsitde the horizon
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The Kantowski-Sachs space-time (R x R x §%) :

ds® = —N*(t)dt? + a®(t)dr® +b*(t)(sin® 0d ¢ + dO?)
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[ Classical theory ]
J

Invariant 1-form connection A :

A= An(t)Tadr + (As(t) 71 + Ag(t)72) A0+ (A4 (t) T2 —A2(l)71)sind do + 75 cos O dop
Invariant densitized triad :

r . 0 . 0
k Eq=E"(t)1s Sln95+(E1(t)T1 + E%(t)10) 81119% H(EL(t) e — Eg(t)ﬁ)%

(" ™\

Gauss constraint and Hamzltonian constrains :
G~ AE®— AyE?!
Hy — sgndet(E))]
VIET|[(E1)? + (E?)?]
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[ For the Kantowski-Sachs space-time we fiz the gauge E*? = E! and so Ay = A, ]

(24, B4, B + 4;B?)+((A41)* + (42)" - 1)[(B')? + (B*)?)]
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The Hamiltonian constraint becomes: Hgp=——+- |2AFAE" + (2(A;)" —1)(E")
VIE|E?| [ }
Volume of the spatial section: V = / dr d¢ df\/q = 47V 2R\/|E||E"|
Background triad and co-triad: °ef = diag(1,1,sin"’6) °wg = diag(1, 1,sin0)
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Classical phase space

Canonical pairs : (A, E) and (A, E?)

Symplectic structure: {A,E} = % , {4, E'} = 4%

Holonomzes
. Ho
hr = exp/ AfidA
h, = exp/AjTid/\ = exp[Apglp T3] g T
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hy = exp/Afg’r,-d)\ — exp|Ajpo (T + 71)]
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hs = exp/Af;;Tid)\ = exp[A1po (T2 — 71)]

Curvature Fy, in terms of holonomies: F! ;= °w!°w
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Hamiltonian constraint
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l Quantum theory J )

Hilbert space : Hg @ Hg: ~ L*(R3,,,.)
Basis in the Hilbert space :
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Representation of the momentum operators :
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[ Inverse volume operator ]
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[ Spectrum of/‘:’\ and 17\‘7 ]
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Plot of the inverse volume operator spectrum ]




Spatial curvature
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Hamaltonian constramnt ]

The solutions of the Hamiltonian constraint are in C*

dual of the dense subspace C of the kinematical space Hy;,.

A generic element of this space is: (Y| = Z V(pe, pet)(LE, pE! |

IJEJJEI

The constraint equation fIE|1/)) = 0 gives a relation for the coefficients y(ug,vg:) :

—afpp — 2po, ppr — 210) V(uE — 2o, g1 — 2Hg) TOME + 210, ftps — 21t0) Y(1E + 21t0, ipr — 20)

+a(ue — 210, pr + 21t0) Y(RE — 20, 1iEr + 2p0) —(pE + 210, pEt + 20) Y(1E + 2o, pEt + 2pi0)

sin(y13/2) — cos(uf/2)
= 2

(ﬂ(#E,nEx — 410) V(pE; pEt — 4100) — B(pg, ppt) V(1E, LE!)
+08(uE, et + 4100) (g, pEL + 4#0))

—sin(ug/2) (B(HE,#Ef — 2pg) V(g kgt — 210)+B(1E, tEs + 210) Y(LE, B + 2#0)) =0
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a(pE, ppt) = |pel? (|ket + pol — [kt — 120])

1 1
B(rE, pet) = |upt| (IuE + pol|? — |pg — #0|2)




Semiclassical analysis

A = c13dx + b12df — b1 8in0d¢ + T3 cos Bdo,
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ds® = —f(r)dt® + f(r)"'dr® + h*(r)(d6® + sin0d?)
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Temperature : Tpyg =
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L(m) =

_dm(v) h

do Lim(v)].
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Inverse volume operator modifications
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Temperature for p. — 0
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Grawvitational collapse

------- ds? = —N}(t)dt® + R*(t)(dx?® + sin® x(d#*® +sin® 0d¢*?)), (0 < x < xo).
ds? — —NZ(t)dt® + a®(t)dx® + b2(£)(d6? +sin? 8d¢?), (XoSX < ).
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Classical theory

K pﬁ 3V1
H; = - —— B+ M =0
1=V, R v Mas=0
25( papPy , P2\ Vo
H, = (— “) ~24=0,
e =v,\" 7 Tar) 7Y
b _PRSN®X0 Pa_
= 3V B Vo - !:—————""‘"-—-______ .
- H“ —0
/ X=Xo
P; = Rsinyg— b =0.
Quantum theory
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CONCLUSIONS

The classical black hole singularity in r = 0
disappears from the quantum theory.

Classical divergent quantities are bounded in the quantum theory.

o 8M?2 G2 — SM? G
e Curvature invariant: R,,,, R = %TN — Ry RA7|Y) = 41,—6N|d’>

18 bounded for the Kantowski-Sachs model.

e The inverse volume operator 1/v/V is bounded.

The Hamiltonian constraint gives a difference equation for

the coefficients of the physical states and we can evolve across the singularity.
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Semiclassical analysis and evaporation

regular temperature,

infinite evaporation time.






