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Expansion factor and singularities.

@ Atractive or Repulsive interactio?
0>0 o 0<0
o Classical GR+the strong energy condition (R,5y?Y? > 0) implies:
0 — —o0

o Divergence of 0 is a necessary condition in singularity theorems
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Friedmann-Robertson-Walker singularity resolution

@ Ashtekar, Pawlowski and Singh:

PHYSICAL REVIEW D 74, 083003 (2006)
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Friedmann-Robertson-Walker singularity resolution

@ Ashtekar, Pawlowski and Singh:

PHYSICAL REVIEW D 74, 083003 (2006)

@ 0 is bounded:
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Black Hole Interior (Kantowski-Sachs)

o Symmetry group: RxSU(2)

E.&)l=ef &[G 0]1=0
4 4
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Black Hole Interior (Kantowski-Sachs)

o Symmetry group: RxSU(2)

(&3] = €f Cx (& ¢]=0
4 A

esu(2) (S

o +If induced vector fields are spacelike=>space is homogeneous
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Black Hole Interior (Kantowski-Sachs)

o Symmetry group: RxSU(2)

(&3] = €f Cx (& ¢]=0
1 !

esu(2) (S

o +If induced vector fields are spacelike=>space is homogeneous

o +No matter
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Black Hole Interior (Kantowski-Sachs)

o Symmetry group: RxSU(2)

(&3] = €f Cx (& ¢]=0
4 A

esu(2) (S

+If induced vector fields are spacelike=>space is homogeneous
o +No matter

o + Einstein Field Equations
= Schwarzschild Interior:

d? — — (1-2"Var2 4 — 1 4124 12402
T (1-3)
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Hamiltonian formulation in Ashtekar variables

@ Kantowski-Sachs (R x SO(3)) symmetric connection and triads:
A=A 7 dx? = L lctzdx + b1od6 — bty sin 0d¢ + T3 cos Od ¢,
—ic;/2

E= pcT3sinf oy + Lflpb’[‘z sinfdy — Lilprl B(P, (1)
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Hamiltonian formulation in Ashtekar variables

e Kantowski-Sachs (R x SO(3)) symmetric connection and triads:
A=A, 1, dx® = L lct3dx + bradf — bty sin0d¢ + T3 cos 0dp,
—ic;/2
E= PcT3 Sin98X+L71pr2 sinfdg — Lilpr]_ 847, (1)

@ Canonical structure:
{b.pp} = G, {c.pc} =2Gy. (2)
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Hamiltonian formulation in Ashtekar variables

e Kantowski-Sachs (R x SO(3)) symmetric connection and triads:

A=A 7 dx? = L lctzdx + brod6 — b1y sin 0d¢ + T3 cos 0d,

—ic;/2
E= PcT3 Sin98X+L71pr2 sinfdg — Lilpr]_ 847, (1)
@ Canonical structure:
{b.pp}=Grv.  {c,pc}=2Gy. (2
o Metric recovery: -
qq°" = 0V E?E®), 3
ds® = —N(t)*dt® + g (t)dx® + goo (£)d6> + gpy(t)dg?, (4)
2
. p
800 = B¢¢ sz 0= pc, 8xx = L2b . (5)
Pc
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Hamiltonian formulation in Ashtekar variables

e Kantowski-Sachs (R x SO(3)) symmetric connection and triads:
A=A 7 dx? = L lctzdx + brod6 — b1y sin 0d¢ + T3 cos 0d,

—ic;/2

E= pcT3sinfdy + Lflprz sinfdg — Lilpr]_ 847,
o Canonical structure:

{b.po} =Gy, {c.pc} =26y
o Metric recovery: -
qq°" = 0VE?E®),
ds® = —N(t)?dt* + g (t)dx® + goo (t)d6” + ggp (t) dp?,

2
_ s 20 _ Py
809 = Bpg Sin” 0 = pc, Bxx = LTF’C
o Geometrical quantities
52 —area: A=4mp, ; (I x §%) — volume: Q = 47py+/pe -
Q
E ion Factor: 6 = —
xpansion Factor a
1 1 1
Shear: 0 = — (—[Jb - —pc>
3 \ Pb Pc

Twist: w =0
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Hamiltonian formulation in Ashtekar variables

e Kantowski-Sachs (R x SO(3)) symmetric connection and triads:
A=A 7 dx? = L lctzdx + brod6 — b1y sin 0d¢ + T3 cos 0d,

—ic;/2

E= pcT3sinfdy + Lflprz sinfdg — Lilprl 847,
o Canonical structure:

{b.pp} =Gy, {c.pc} =26Gr.
o Metric recovery: -
qq°" = 0VE?E®),
ds® = —N(t)2dt? + gux(t)dx® + goo () dO? + gy (t)dgp?,

2
_ s 20 _ Py
809 = Bpg Sin” 0 = pc, Bxx = LT[’C
o Geometrical quantities
52 —area: A=4mp, ; (I x §2) — volume: Q = 47py+/pe -
Q
E ion Factor: 6 = —
xpansion Factor a
1 1 1
Shear: 0 = — (—pb - —pc>
3 Pb Pc

o Hamiltonian " al gusto”
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Classical dynamics

N Pb
Hy=—-———|2 e+ (B2 +92) 2=
el 262 bey/pe + (b° + )\/E
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Classical dynamics

H., = 2 2
C’_iiG’)/z 2bcy/pc + (b* + 7y )—\/7

@ On phase space:

1 2 b c\/Pc
f==—{QHN=1}==|2—2 4 VP
o (O HIV=1E=0 2 e
divergences?  divergences?
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Classical dynamics

_Pb_

N
Hy=———_ 2b<:\/piJr(szrwz)\/[T

T 2G)?

@ On phase space:

1 2 b c\/Pc
0= —-—{OHIN=1]}="|2— + Y —
g 1 H| 1} Y = P
divergences? divergences?
@ On the constraint surface: ) L
Q~ — — 3b2 A2
vb Ve ( 7°)

divergences?
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Classical dynamics

— N 2
Hey = — 2G’)‘2 2bc\/’76+(b + )\/E

@ On phase space:

1 2 b c\/Pc
0= —-—{OHIN=1]}="|2— + Y —
qlaHN=1}=2 22 =
divergences? divergences?
@ On the constraint surface: 1 )
O == (3p2 42
b e 0T
divergences?
]
do
R00:*§927(7 Tap + WPwap — e
1
= _—— (b%py +2bcpc + p?
272pbpc( Pb Pe+ P)

~ 0 — Eintein Field Eq. in vac
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Effective Semiclassical Black Hole InteriorS

@ "Holonomize" classical connection::

b sin(ppb) P sin(pcc)

Hb He
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Effective Semiclassical Black Hole InteriorS

@ "Holonomize” classical connection::

b sin(ppb) ' . sin(pcc)
Hb He

o Discreteness parameters (A = 2\/§7‘[7/§,):

Ho—scheme:

Up = cte, Hc = cte
ji-scheme:

’ c ’

. A
b = —
! Pb

Very succesfull ji’-scheme:

B=y2, = YPE
b Pc’ c P

Nov 7 de 2012 8 /15
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Effective Semiclassical Black Hole InteriorS

@ "Holonomize” classical connection::

b sin(ppb) . sin(pcc)

Hb He

o Discreteness parameters (A = 2\/57‘[7/5,):

Ho—scheme:
Up = cte, Uc = cte
jfi-scheme:
A A
Hb = E ) He = E )

Very succesfull ji’-scheme:

=
o=
Il
|
=
Il

@ Hamiltonian

_ N
2Gy?

2sin(ybb) sin(ycc)\/E+(<sin(;¢bb>>2+72>pb}

H =
et b He b V/Pc

Nov 7 de 2012
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Effective expansion factors

@ g :

11 sin(pcc)

g = +— —/pc———= cos b) +
= e VP e o)+ 7525
L 1sin(#pb) cos(picc)

+
VPe Y Hb
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Effective expansion factors

@ Jip:
11 sin(pcc) 1 1sin(upb)
bo=+——\/pc—— b))+ ———"—+- b
T T VP e cos (ueb) + = Mb cos (sb)
1 1 sin(pupb)
—— = —2 % cos(pcc
VPe Y Wb (peec)
o ji:
§:+i1ipcsin Ac cos Ab
Pb Y VA Pc Pb
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Effective gravitational repulsion

o u
= 1
6 = a [Q, Herr]
11 pPcA [ A
= ——— [sin c | cos —b |+
Y \/Z ( Pb ( c )
+ sin (,/b) cos < pcAc) + sin (”Ab> cos <1 / b>}
c Pb Pc c
pesin (bpp) 0/—% —sin? (byp) — 228 +4+COS(bﬂb)> —7?A cot (byty)
Osis = -

27\/KPC
BOUNDED ON ALL PHASE SPACE

Gravitational repulsion

without energy conditions violations
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Shear is bounded:
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Expansion factor evolution

6 = (bounded terms on all phase space)

+ (bounded terms on the constraint surface)

11 |+vpcA A A vV pcA A vV pcA
+ ==+ VPR [ 2b| cos 2p— VP2 ) sin Sp VPO,
YA | Py Pec Pc Pb Pb
+i2l LAC* Ab cos |2 Ab sin Ab cos (LAC>
AN Pb Pc Pc Pb

11 A vV pcA . A A
+ =51 —b— P c | sin —b | cos —
y4 A Pc Pb Pc Pc
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Expansion factor evolution

6 = (bounded terms on all phase space)

+ (bounded terms on the constraint surface)

—&-izl LAC— Ab cos Ab—LAc sin Ab—LAc
YA | P Pec Pc Pb Pb
+i2l LAC* Ab cos |2 Ab sin Ab cos <LAC>
YA\ P Pc Pc Pb
—‘,—i2l Ab—LAc sin Ab cos A
Y2 A Pc Pb Pc Pc

o Need to know something about (, / ﬁb — %c)
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Expansion factor evolution

6 = (bounded terms on all phase space)

+ (bounded terms on the constraint surface)

—&-izl LAC— Ab cos Ab—LAc sin Ab—LAc
YEA | o Pc Pc Pb Pc Pb
+i2l LAC* Ab cos |2 Ab sin Ab cos <LAC>
YA\ P Pc Pc Pec Pb
—‘,—i2l Ab—LAc sin Ab cos Ab-i-LAc
A Pc Pb Pc Pc Pb

o Need to know something about (, / pA—cb - —VZZAC)

o Qualitative analysis+theory of differential equations+numerical investigations
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Qualitative analysis of the constraint

/ 2
H = 2sin Ab sin (LAC)+sin2 Ab +Aiz0
Pc Pb Pc Pc

@ p. — 0 is not on the constraint surface
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Qualitative analysis of the constraint

/ 2
H = 2sin Ab sin (LAC)+sin2 Ab +Aiz0
Pc Pb Pc Pc

@ pc. — 0 is not on the constraint surface

@ p. is bounded below on the constraint surface:

AY? < |pe| -
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Qualitative analysis of the constraint

/ 2
H = 2sin Ab sin (LAC)+sin2 Ab +Aiz0
Pc Pb Pc Pc

@ pc. — 0 is not on the constraint surface

@ pc is bounded below on the constraint surface:
A'YQ Slpel-

@ b =0 is not on the constraint surface
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Qualitative analysis of the constraint

/ 2
H = 2sin Ab sin (LAC)+sin2 Ab +Aiz0
Pc Pb Pc Pc

pc — 0 is not on the constraint surface

@ pc is bounded below on the constraint surface:
A'YQ Slpel-

b = 0 is not on the constraint surface

@ c = 0 is not on the constraint surface, unless p. — oo
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Qualitative analysis of the constraint

/ 2
H = 2sin Ab sin (LAC)+sin2 Ab +Aiz0
Pc Pb Pc Pc

pc — 0 is not on the constraint surface

@ pc is bounded below on the constraint surface:
A'YQ Slpel-

b = 0 is not on the constraint surface

¢ = 0 is not on the constraint surface, unless p. — o

@ For finite p., pp is bounded above onshell.
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Qualitative analysis of the constraint

/ 2
H = 2sin Ab sin (LAC)+sin2 Ab +Aiz0
Pc Pb Pc Pc

pc — 0 is not on the constraint surface

@ pc is bounded below on the constraint surface:
A'YQ Slpel-

b = 0 is not on the constraint surface
¢ = 0 is not on the constraint surface, unless p. — o
For finite p., pp is bounded above onshell.

As pc is bounded below and p, # 0, V = 47pp./pc # 0. (Clasically V — 0 on the physical
singularity and on the horizon).
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Numerical analysis is on work...
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Conclusions

o Loop quantization techniques can be useful to solve the problem of singularities in GR.
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o At the quantum level gravitational interaction can be repulsive.
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Conclusions

@ Loop quantization techniques can be useful to solve the problem of singularities in GR.
o At the quantum level gravitational interaction can be repulsive.

@ Semiclassical considerations could be enough to resolve the singularities.
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Conclusions

Loop quantization techniques can be useful to solve the problem of singularities in GR.
At the quantum level gravitational interaction can be repulsive.

Semiclassical considerations could be enough to resolve the singularities.

Geometrical quantities should play an important role in this issue.
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Conclusions

Loop quantization techniques can be useful to solve the problem of singularities in GR.
At the quantum level gravitational interaction can be repulsive.
Semiclassical considerations could be enough to resolve the singularities.

Geometrical quantities should play an important role in this issue.

THANKS!
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