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e Selection principle for actions
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* Possible resolutions: new degrees of freedom, infinitely
many derivatives, non-perturbative unitarity,
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Horava-Lifszyc Gravity

Lorentz invariance broken to foliation preserving
diffeomorphisms

t— &), x'— Et,x),

Ghost free, renormalisable theory is

S~Jdtdx3N (3)g< K.KY — 1K? — V),where

0Bg..
_L< gl] _ (3)ViNj_ (3)VjNi>-

K, =
/ IN ot

GR is restored in the IR limit A — 1/3.

V O ®R3, which gives the same conditions as R? for
black holes.
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e (Calculate

uv
1R chosen s.t. there is no IR divergences

o We require S (ryy, 1) to be finite as ry;, — 0 for regular
black-holes

e We require S (ryy, 1) to be infinite as 1y, — 0O for
singular black-holes



Singular black holes

* (Anti-) de Sitter Schwarzschild solution
ds? = — dt* + e?(dr + e*7vdt)* + r°dQ?,

N (M Az)
with y = —In F—r< |, v =0.

5 r 3



Singular black holes

(Anti-) de Sitter Schwarzschild solution
ds? = — dt* + e?(dr + e*7vdt)* + r°dQ?,

1 M A2
With,u=51n | 3r v =0.
r

1

M+AR N (4 3M=2A
Wege’c(3)l’€=0,l<=(3 " r) (—— r)

1273 r 3IM + Ar3



Singular black holes

* (Anti-) de Sitter Schwarzschild solution
ds? = — dt* + e?(dr + e*7vdt)* + r°dQ?,

N (M Az)
with y = —In F—r< |, v =0.

2 ro 3
Maar\ (4 — 2Ar°
Weget(3)R=O,K: 3M + Ar __3M 2Ar
* 1273 r 3M+ Ar’
| 3\ 3
, For A # lthere are divergences for ry;, = 0 and r, = A .



Singular black holes

(Anti-) de Sitter Schwarzschild solution
ds? = — dt* + e?(dr + e*7vdt)* + r°dQ?,

1 M A,
With,u=51n F—r< |, v =0.

r 3

1
SM+ArP\ [ 4 3M—=2AF
We get PR =0, K = ! — - !
1273 r 3M + Ar3

3\ 3
For A # lthere are divergences for r;,, = 0 and r, = ( A ) .

For Schwarzschild in orthogonal frame (not a solution in HL gravity)
the R;;R" term is diveraent.
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Regular black holes

The Hayward metric - regular black hole solution in GR:

2 2 102 L 217092 2Mr?
ds- = — f(rydt=+ f(r)"dr= + r<dQ-, f(r)=1 ,
(r3 +2g3)
3 2 6 6
K.=0 O = 24g°GM BR ORI = oM (32g + 7 )
’ (283 + r3)2 i (2g3 N r3)4

The invariants are regular, hence the action is finite!
We have also done calculations for Dymnikova ST

Check for HL regular blackholes
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Wormholes

Our Universe: r > M, other Universe r < M, throat
r =M.

The exponentlal metrlc WH:

ds? = — e~ 7 df? + e (dr + rzdﬁz)

2M?
For HL gravity GR = 3 e 3M, K? K KY =0,
2/ A 42 2
(3)le(3)le _ 2M-(M~ — 2Mr+ 3r ) w
1’8

The action is again finite!



Conclusions

Quantum gravity shall resolve the singularities issue.

Finite action principle: selects what can be in the exponent of
G 8,0 150181

Y

Horava gravity satisfies this principle.

No-regular solutions found for HL: wormhole - black hole
tradeoft

Interesting consequences for cosmology, see
and next talk



