- .

Universal Kountertermsin Lovelock
AdS Gravity

Rodrigo Olea (INFN, Milano)

3rd RTN Workshop, Valencia 2007



Holographic Renormalization

o (Henningson-Skenderis) -
I=—71 ];5 diHo/—G(R - 2A) — ﬁa {4 dlz\/—hK

d(d—1
A=~ (252 )

ds* = G dztdz” = N*(p)dp* + hij(p, x)dx'dx’ . | Radial
Foliation

# For asymptotically AdS spacetimes

ds? = 62 dp + g”(p’ 93 PZ) i 53 boundary p = 0

Fefferman-Graham expansmn
9ij (%) = goyij () + pgyij () + p°9(2)i5 () + ...
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(Dirichlet) Counterterms M ethod

Loy = —ﬁ fdd“x\/—G( —2A) f d?x\/—hK
M

+ [ d%aLe (h, R(h), VR(h))

#® Preserves general covariance.
# Dirichlet condition on the boundary metric.
# Finite Stress Tensor for AdS gravity.

TV = Pogie (I + L)

# Conserved Quantities Definition for AAdS spacetimes.
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D—2 0N/ —h 03/ —h y D—1

Lot = = M+2(D—3)R+2(D—3)2(D—5) (RJRZ'j_4(D—2)R2)
°\/—h <3D—1 (D—l)(D+1)R3

(D —3)3(D —5)(D —7) \4(D — 2) 16(D — 2)2

D-1

4(D — 2)

RRYR;; —

_|_

—2RYRM Ry — ViRViR+VkRiijRij> + ...
Full series for arbitrary dimension is unknown.
Proliferation of possible terms for higher dimensions.

They do not follow any particular pattern.

o o o 0

Is there any other (more compact) counterterms series
that regularizes the AdS action?
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Four-Dimensional Case

- .

® /-y + Gauss — Bonnet
I= ﬁ]\{ dz/—G(R —20) + ozj\j; Es

® Aros, Contreras, R.O., Troncoso and Zanelli, PRL 84, 1647 (2000). [gr-qc/9909105]

54 — %\/7 M- ,LL4 Rl/l Vo RV3V4

M2 "3 g

= V-G <RWQBRWO‘B AR R+ R?)

1= [ dPtav/=h AL CLEl) W C et I 77

647G " s ] 3[4

o -

Universal Kounterterms in Lovelock AdS Gravitv — p. 5/1



We fix a = -5 by the ALAdS (Asymptotically Locally AdS) condition

af __ 1 ¢lafd]
Rug =~ 720
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® D = 2n Dimensions T
I =1p_pg+ gy, f52n
M

Aros, Contreras, R.O., Troncoso and Zanelli, PRD 62, 044002 (2000).
[hep-th/9912045]

® Euler Term in D = 2n Dimensions

V. 5[”1---V2n] EHlMQ DI2n —1h2n

omn [p1...phan]” V1iV2 T Wan—1V2n

8271 —
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# Boundary Terms

I = ]i;}{ + C3 U[ _Egg.
oM

R.O., JHEP 0506: 023 (2005). [hep-th/0504233]

® Euler Theorem

[ & =2(n) x(My)+2 [ By
My OMy

BS — 25ABC’D QAB (RC’D s % (92)0D>

® Kounterterms
By = 2v/=ho[ 2 KV (RIS (h) — 2K KT?)

J1j24s]" 1 1213
K;j = —5x0,hij, ds®* = N?(p)dp? + h;;(p, x)dx"dx’
62
€3 = 647G
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® D=2n Kounterterms

By = 2n fdt V=he R (LRES (h) — 2K 2K x

Z1 A2n—1 ] J273

.o X (lRi?”_Qi?”_l (h) — t2K?2”—2K?2n—1)

27 ")2n—272n—1 J2n—2" " J2n-—1

1 n eQ’rL—Q
Con—1= (_ ) 16nmG(2n—2)!

® Chern-Simons Forms
< Frtl > = chs(A)

Los(A) = (n+1) [ dt < AFP > | A, =tA, F,=dA, + A?
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# Transgression Forms
< Frtl s < Pl s— dLrp(A, A)

Lrr(A,A) = (n+1) [ dt < (A-A)F >
At:A—I—t(A—A), Ft:dAt—l—A%
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D =2n+17
-

No Topological Invariants of the Euler class in odd
dimensions

D=3
[ — _

e UM /-G (R+ gz) +2¢y [, & \/7[(}

Dirichlet Problem ¢5 = 1

1 ) -
ol = d’xv—h(KY — h9K)6h;: .
167TG OM . ( ) J

Balasubramanian-Kraus counterterm

1 d2 V=h

8rG A J

Universal Kounterterms in Lovelock AdS Gravitv — p. 11/

]reg — ]Dzmchlet + —



-

A naive observation c; = 4

0. Miskovic and R.O., PLB 640, 101 (2006), hep-th/0603092

0 = /eabéKje“ekd:B A dx® + ey (Kjée el — Kj “56k> dx’ A da®
oM

F-G expansion

9(0)ij
hz’j — —((;))j + ...

gd(0)ij
Kij = %% — . |
. J
Kg' = %53 0K} =0
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® factor % from the C-S formulation of 3D gravity
Iocs = <AdA — %A3> =Ip_g+ % f (G— H) | Ics isregularized
OM

Banados & Mendez, PRD58:104014 (1998).

© Ics = Ipirichiet + ﬁ faM d*x (\/ —h — 4\/ —4o RO)
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Five DImensions (rR.0., JHEP 0704 073 (2007). hep-th/0610230 )
I=1Igg+cs | By

oM
Kounterterms
I}, [t17213] K [ pi2ds J2 J3 J2 J3
B4 - 5] ]2]3 1,1 (R’LQ’L,?, K KZ3 362 5?»2 5l3>
o p?
C4 = 237G
Conserved Charges Q(&) = q(&) + qo (&)
o 3 i [Gg2-..Ja] Kl gtz 1314 [i34]
q(‘g) - 647TG/ d’z 0 Uj € [t1%2...14] Z 5]2 (R]3]4 - /2 5[.73.74]) 7
2 3 [Gj2---ja] 12 71 2 1t
— 192 11 12 11
q(§) = T 1287G Ed L Juﬂ€ 51112 .i4] (53'2Ki 19, KjQ) %

J3J34 62 13 U4

% (Ri-?’i-‘l o K7/3KZ4 + 5]35]4) )
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D = 2n + 1 Dimensions

I =1gH + cap f Boy,
oM

Kounterterms

Baw = 2nv/=h [} dt [} dso} 1K (—R — PKK +500)

n—1

e N G
Conserved Charges Q(¢) = ¢(&) + qo(€)
Lrr(A, A) = Los(A) — Los(A)) — dZs,, (A, A)

Zon = —n(n+1 fodsfodts < A (A—A) Fit >,
Fy = sF, + s(s — 1) A2

-

Universal Kounterterms in Lovelock AdS Gravitv — p. 15/



-

#» L|ovelock gravity

[(D—1)/2]
I=xk > a,I®
p=0
L D—2p)! A clv1vep] £ 1142 SHU2p—1H2p
1= _<2—pp) ]wa Ve _Gé[ﬂl--%@p] Rﬁl#? .”Rﬁ%_l'ﬁ;p

# Einstein-Gauss-Bonnet AdS gravity
IpGe = 1o5q Jud " 2vV-G {}A{ = 20 + a( Ry ra R — 4}%”}?“’/4_}?2)}

| 1+if8Aa" . (D—3)(D—4)
2 = 2D-D(D-2)ar and o™ = o575 %)

# Standard regularization
Iyeg = IEGgB + K f dx Bq + f dezx Ect(h, R(h), VR(h))
oM oM
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Kounterterms in EGB AdS gravity

Ireg — IEGB + Cdf(:gM dded

G. Kofinas and R.O., PRD 74, 084035 (2006). [hep-th/0606253]

-B, 1s the same as in the EH case, but £ — /.

-coupling constant ¢y — 5“5

EQ’I’L—Q

EGB _ (_1yn __teis [1 20 (D —9)(D— )}

Con—1= 16nTtG(2n—2)! |~ @
Ein_Q (83 1 n— -1
FP = et 1 B0 (D-3)|| [, dt( — 1)
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Kounterterms in Lovelock AdS gravity

Ireg — ILAdS + CdféM dded

G. Kofinas and R.O. [arXiv:0708.0782]

-the form of B, is universal (with the effective AdS radius ¢ ¢)

-coupling constant ¢; — c5445

-
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°

Conclusions and Prospects
B

An alternative, universal counterterms prescription
Well-defined, finite action principle

Correct Conserved Quantities (Vacuum Energy)
Correct Black Hole Thermodynamics

A general formula for a Finite Stress Tensor for AAdS
Gravity?
-Weyl anomaly

Comparison to Standard Counterterm series?

O. Miskovic and R.O. [arXiv:0708.0782], to appear in JHEP

In two particular Lovelock theories

(Chern-Simons-AdS/Born-Infeld-AdS), where L.; can be obtained for
any dimension. (Banados, R.0., Theisen, JHEP 0510:067,2005) J
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