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Abstract: <p>As an dternative to the Holographic Renormalization procedure, we</p>

<p>introduce a regularization scheme for AdS gravity based on the addition</p>
<p>boundary terms which are a given polynomial of the extrinsic and </p>
<p>intrinsic curvatures (Kounterterms).</p>

<p> </p>

<p>Since these terms are closely related to either topological invariants </p>
<p>or Chern-Simons densities in the corresponding dimension, they can be </p>
<p>easily generalized to other gravity theories (Einstein-Gauss-Bonnet, </p>
<p>Lovelock, etc.).</p>

<p></p>

<p>Finally, ageneral prescription on how to obtained the standard </p>

<p>counterterm series in AdS gravity is given.a€« </p>
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Outline

@ Variational problem in EH gravity

@ Quasilocal (Brown-York) stress tensor

© Holographic Renormalization and Local Counterterms

@ Holographic stress tensor

© Alternative regularization scheme in AdS gravity: Kounterterms
Q From extrinsic to intrinsic regularization

Q@ Quasilocal vs holographic stress tensor: two examples
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Variational problem in EH gravity

@ EH gravity action in D = d + 1 dimensions
1 i
ley = [d9tix /=G (R =2A)

161G i

@ Variation of the action:

1 [ditix /=G &L (67166) + [ d9x@

OEH = ——= .
o 167G jy ” oM
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Variational problem in EH gravity

@ EH gravity action in D = d + 1 dimensions
1 i
ley = [d9tix /=G (R =2A)

161G i

@ Variation of the action:

1 [ditix /=G &L (67166) + [ d9x@

OEH = ——= .
o 167G jy ” oM

@ Surface term:

5} o= 1 % s 2 Be sTa
(j = 167G h !‘J'” 0“1[%} E,btbr:!{
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Variational problem in EH gravity

@ In Gauss-normal coordinates

ds? = N2 (p) a"(f2 + h,-),-(p, x)dx"dx-"
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Variational problem in EH gravity

@ In Gauss-normal coordinates

ds? = N2 (p) a"(f2 + h,}-(p, x)dx"dx-"

Extrinsic curvature Kj; = —mlvaph,j

r;’f = _NKJ,

@ On-shell variation of the action (n, = (N, 0)):
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Variational problem in EH gravity

@ In Gauss-normal coordinates

ds? = N2 (p) a"(f2 + h,}-(p, x)dx"dx-"

Extrinsic curvature Kj; = —mlvaph,j

r;’f = _NKJ,

@ On-shell variation of the action (n, = (N, 0)):
Slen = ekg [ dOxv/=h (20K + Ki(h~1onY))
oM
@ Gibbons-Hawking term:

kil 1 /
IDirichtet = 1eH — G f d“xv/ —hK
oM

@ Dirichlet problem for the metric:

OlDjrichlet = 1(3#@ r d?x v —nh (Kj - K(Sj;) (h_l(sh)j-
oM

/
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Quasilocal stress tensor

e Variation of the Dirichlet action respect to hj;
Slpiy = [ d9x 5/ —hTY[h]éh;;
oM

e Brown-York tensor is conserved, i.e., V,;T"” = 0.

@ Conserved current:

J= TG = QlEl= [VouT'
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» Brown-York

o Conserved ci

o In AAdS spac
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Quasilocal stress tensor

e Variation of the Dirichlet action respect to hj;
6lpiy = [ d9x 5/ —hTY[h]éh;
oM

Brown-York tensor is conserved, i.e., V,;T"” = 0.

Conserved current:

J= TUE = Q[f] = f\/t_Tuf TV ¢

In AAdS spacetimes Q] is divergent, even in D = 3.

We can always add local counterterms such that T”[h| is regular

lren = /EH—g,—G | d?xv/—hK + | d9% Lt (h, R, VR)
oM oM
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Counterterm method

o Regularlzed AdS grawty action (holographlc renormallzatlon)
|[Henningson, Skenderis JHE

dTlx /=G (R—2A) — —

+ [ dixLet(h R, VR)
oM

1
167TGA”£

l!'t:“” i

d(d—1)
2(2

. - [ 5 .
e Renormalized quasi-local stress tensor: T/.,[h] = —2— ‘;ff’ﬂ
v —h ?'J

e Background-independent charges Vacuum energy for global AdS (Casimir
energy for boundary CFT) [ subramanian, Kraus CMP 208: 413
|
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Holographic Renormalization

@ For Asymptotically AdS (AAdS) spacetimes, Fefferman-Graham (FG) form of
the metric

(2 1
doF 4 = gii(x, p) dx' dx/ (1)

ds? =
4p2 P
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Holographic Renormalization

@ For Asymptotically AdS (AAdS) spacetimes, Fefferman-Graham (FG) form of
the metric

S ™
ds? = — dp® + —)g,'j(x,p) dx' dx’/ (1)

4p2 (

@ the boundary of the spacetime is at p =0

@ gjj(x,p) accepts a regular expansion in powers of p

gij(x,0) = &(0)ij(x) + pg(1)jj(x) +ng[2},;()<) =

® g(0)j Is the boundary data for the holographic reconstruction of the
spacetime, i.e., solving g, as a covariant funtional of g/,
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Holographic Renormalization

@ For instance
g(1)ij = d_l—Z 'R{O‘u'j s ﬁ—hgtomﬁtm)
80)ii = 792 —8“,1_1}V;Vﬂ?-{01 . vavk'/ﬂom‘
t——£(0)i Vi V<R g) — 51735 oy R(0)ikil

—8(d-1)(d-2
PO)PH)!U

(d—4) 1
+2fd QZPOHkP(UU (d=1)(d—-2)?
3d i
+4(d Q}ZP(UJMP 8(0)ij ~ T6(d=1)2(d— 2:2P<_0}gc0w)
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Counterterm method in AdS gravity

‘ + (R ( \——h ( 3 \—_h Y U b d / 2
Lct = E +§(d—§]R+2id 2)2(d-4) (P P 4(d— IIR)

B+=h 3d — 2 m Cfld-i-zi M3
+t(! 2)3 (d—4)(d- 6)( PP P 16(d ZP

—2RIRMR s — PkaRij) +
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Kounterterms

@ Extrinsic regularization Tar — Ien + ¢4 f d9x By(h, K, R)
oM
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Kounterterms

o Extrinsic regularization l,., = Igy + ¢y f dixBy(h, K, R)
oM

@ Inspired by a simple observation (EH+GB in D = 4)

16

1 4 : . |
'~ 1676 fd gin [(R_z/\) + o (RuyapRI"*P — 4R R + R?)
7
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Kounterterms

o Extrinsic regularization l,., = Igy + ¢y f dixBy(h, K, R)
oM

@ Inspired by a simple observation (EH+GB in D = 4)

16

1 4 : . |
| = C fd XV =y [(R— 2A) +“(RﬂmﬁR!”M _4R;nme n Rz)]
M

@ Euclidean action for Sch-AdS black hole:

M 4 m*3
Cmp it w — {14 —al-Ts w | ] = -
f > ( +f2“) +4G(2(
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Kounterterms

o Extrinsic regularization l,., = Igy + ¢y f dixBy(h, K, R)
oM

@ Inspired by a simple observation (EH+GB in D = 4)

16

1 4 : . |
| = C fd XV =y [(R— 2A) +“(RﬂmﬁR!”M _4R;nme n Rz)]
M

@ Euclidean action for Sch-AdS black hole:

M 4 m*3
Cmp it w — {14 —al-Ts w | ] = -
f > ( +f2“) +4G(2(

2
@ Correct black hole thermo = GB coupling a = %
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Kounterterms

o Extrinsic regularization l,., = Igy + ¢y f dixBy(h, K, R)
oM

Inspired by a simple observation (EH+GB in D = 4)

16

1 4 : . |
| = C fd XV =y [(R— 2A) +“(RﬂmﬁR!”M _4R;nme n Rz)]
M

Euclidean action for Sch-AdS black hole:

M 4 m*3
Cmp it w — {14 —al-Ts w | ] = -
f > ( +f2“) +4G(2(

2
Correct black hole thermo = GB coupling a = %

2
Finite Noether current also implies & = %—
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Kounterterms

@ Euler Theorem in D = 4 dimensions

/d4xGB—327r)( +fd x B3
oM
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Kounterterms

@ Euler Theorem in D = 4 dimensions

/d4xGB—327r)( +fd x B3
oM

@ Kounterterms = given polynomial in the extrinsic and
intrinsic curvatures (Kj; and 'Rfj-’(h))

5 pliniaiz] e JaJ3 1 yeha yeh
By = 4+/= ,1( RI23 () — KQK)

Uum 213 .
= 4+/—h {—2 P} - 7OjR.)K,4 - B’Kj KiKik 4 K(KJ{K{ il %KQ)
c3 = (2/641G
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Kounterterms

@ D = 2n dimensions [0]

1 J2n-1]

5" RS

1
e ”.. o . 1 P i ’
Bono1 = 2nvV—h f d ol ] (_mw _tQK;';Kg;) .
0

2" 12p=212n-1 pn-2 = 12n-1

e (E,RJ{ZH—L{M—I i tQszn-z szn—l)

(—€2)"=1 /(167tGn(2n — 2)!)
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Kounterterms

@ Kounterterms in D =2n+1

. 2
[J +J2n] Krl 512 E R {3!}4 ¢ Krg Ku S :35.'4
[ in] T J2 \ 2 3 ja 2 13 Ja

: . &2 . .
Mp=11 f /
o R ?n 1 ?n ol 2 K 2n-1 K‘2n + é‘ 2n— 15*’2n) '

12n=1)2n 12n=1 12n (2 12n=1 J2n
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Kounterterms

@ Kounterterms in D =2n+1

. 2
[J +J2n] Krl 512 E R {3!}4 ¢ Krg Ku S :35.'4
[ in] T J2 \ 2 3 ja 2 13 Ja

: . &2 . .
Mp=11 f /
o R ?n 1 ?n ol 2 K 2n-1 K‘2n + é‘ 2n— 15*’2n) '

12n=1)2n 12n=1 12n (2 12n=1 J2n
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Kounterterms in higher-curvature gravity

@ Einstein-Gauss-Bonnet AdS [X

1 > v B / ;
lec = —16”Gn[d9x =G [(R—2A) + &(RuyapR"* — 4R RIV + R?)

o Effective AdS radius

/ 4o(D-3)(D—-4)
I - \/f 1 - 7

20 (D —3) (D —4)

(-

2
eff

@ Kounterterm series B, preserves its form if { — (¢

EH EGB
One only needs to change ¢ ;"' — ¢ 7"
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Kounterterms in higher-curvature gravity

@ Einstein-Gauss-Bonnet AdS [X

1 > v B / ;
lec = —16”Gn[d9x =G [(R—2A) + &(RuyapR"* — 4R RIV + R?)

o Effective AdS radius

/ 4o(D-3)(D—-4)
I - \/f 1 - 7

20 (D —3) (D —4)

(-

2
eff

@ Kounterterm series B, preserves its form if { — (¢

EH EGB
One only needs to change ¢ ;"' — ¢ 7"

o Lovelock-AdS gravity [Kofinas, Ole:
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From extrinsic to intrinsic regularization

@ Regularized action

J1J2J3) 113 3

X\/—5r112f3 t1 ( pjzj’s( } - lez)?Kf:)
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From extrinsic to intrinsic regularization

@ Regularized action

J1J2J3) 113 3

X\/—5r112f3 f1( pjzfs( } - EK;JEK{;})

@ Adding zero...

hreg —/EH——fd3X\/ K+fd3de

oM

. (2 [i1i2i3) o)1 1J3 1 J2 f3 J2 §J3
Lt = 161G y - héb faal Kil (2 me( ) - 5 K:’g K:'g (2 5:200) !

@ And expanding...
1.; : ,
7% —plsj(e) + O(p?)

1 ol
majR(éﬂ)
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From extrinsic to intrinsic regularization

V=8 5:'_1{2{3'] % _ pesit |
v 032 Y jjasz) | € Prog

b 3 52 ; 53 : o
P pJ2J 1 i / i ! 1 )2 g
g R,.;.;’(g) — 3 (72 —p(SJ-;) (—} —p[Sj;) 4 ?25:'3‘55;) +...

@ Extrinsic counterterms turn into intrinsic (Balasubramanian-Kraus) ones

, 1 v-g(2 £ 1/2
S — — — o 4,

1 £ F,
- —h (?+§R.(h))
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Topological regularization

@ And expanding...
L‘,Cr B \,-"'—_h |:f2-’l 2 P+

= 37 7 T 2f2n 3)

. (2n+1) .2 (2n=3) pijklp ..
(2R R T 4(2n- QJP T R RUM i

+30n-3 12[2,'1—5)
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Weyl tensor in the bulk...

@ MacDowell-Mansouri form of the action

/d4x V=G sl7Am] (Rj‘f

’ [ydap]

il 256:7@

@ The action is zero for global AdS spacetime

Iren =0

@ Weyl tensor (on-shell) Wﬁf’ - R":f’ 4 —z 5 ;\f]
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Weyl tensor in the bulk...

@ MacDowell-Mansouri form of the action

/d4x V=G sl7Am] (Rj‘f

’ [ydap]

il 256:7@

@ The action is zero for global AdS spacetime

Iren =0

@ Weyl tensor (on-shell) Wﬁf’ - R":f’ + —z 5 ;\f]

@ (On-shell) regularized action is equal to Conformal Gravity action

/d4x / =G ““PW;unp

I'n:
o 64 G
‘.1\:
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Critical Gravity

@ 4D Critical Gravity

g s T e i R
IcG 16NG/dx JKR+“>+(\:R 3Ry R
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Critical Gravity

@ 4D Critical Gravity

UGN SIS il e & R
e 16HG/dx JKRJF“)mR 3Ry R }

o a=(2/6

1 6 (2 o
lre = —— [ d* V=G |(R+ =) = == | Ryy R — =R?
€6 167TG/ 8 ’K +(2) > ( p 3 )}
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Critical Gravity

@ 4D Critical Gravity

UGN SIS il e & R
e 16HG/dx JKRJF“)mR 3Ry R }

o a=(2/6

6 (2
| d*x \/— R, RM ——R2
T G/ g K f2) 2 ( w3 )}

12
o Icc = kg [ V=0 [(R+ &) - § (W2 - 6B)]
]

| = 1o —
N 64ntG

/d“x V—GW?2

@ /cc = 0 for Einstein spaces [O.Miskovi¢, R.O. and M. Tsoukalas,
arXiv:1404.5993]

rigo Olea (UNAB)
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Quasilocal vs Holographic Stress Tensor

@ Kounterterms: No clear identification of the boundary quasilocal stress tensor
e ) 1 AN
Olren = / =1 vV —h (5 T{ (h loh),
oM

4 AJ:: cSKj)

J
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Holographic stress tensor not from a quasilocal one

@ Example 1: AAdS sector in 3D Topologically Massive Gravity

a0 1 3 2.3
ITmec = e + 327TG,HA{C/ X (rd]_+§r )

@ But what about holographic stress tensor?
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Variational problem in EGB gravity

@ EH AdS+ GB term in 4D

1 |
= fd4x —G [(R—2A) + - (R},,GPR”“P — 4R RM + R? )]

@ For any D > 4 (arbitrary GB coupling a)

AL D-1, /% slinjz) | 1 —1-)" ko ospcil (1
Slop=7— fd x/=hoE 1= (h720n) Kf+oK]| (5

i 12 i
RA2 () — KK )
oM

@ Gibbons-Hawking-Myers term for GB

— TR BT
N Jlf?]'} bkl {2 1"3 o 12 {3
p= 11 ( R Kfz KJ}) ’

471-G i1 i213) S e =

Rodrigo Olea (UNARB)

Pirsa: 15010089 Page 46/50



Variational problem in GB gravity

@ Dirichlet variation

e D-1 [Uuw -1 iein (1 piais 1 iz
6lp=5 = /d xV/=hUAREl (h=15h)] K (5 R2S - S K Kh)
oM

@ No Gibbons-Hawking term for 4D GB = No quasilocal stress tensor

81 = faﬂx \/—h(%r{ﬁ ( 1ah) +Afaf<)
J

oM

Ukl m np [np] = 1 ka] np [np
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Conclusions and prospects

@ The result of D = 4 is always true in D = 2n
(requires the asymptotic behavior of the Weyl tensor)
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(requires the asymptotic behavior of the Weyl tensor)

@ In D =2n+1 it is more subtle because counterterms ambiguity
(finite counterterms that do not modify the Weyl anomaly).
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Conclusions and prospects

@ The result of D = 4 is always true in D = 2n
(requires the asymptotic behavior of the Weyl tensor)

@ In D =2n+1 it is more subtle because counterterms ambiguity
(finite counterterms that do not modify the Weyl anomaly).

@ Comparison to Ashtekar-Magnon-Das charges [arXiv:1404.1411]
e Conformal mass in EGB [arXiv:1501.06861]

@ Reading off the holographic (quasilocal) stress tensor from the variation of
the action in other gravity theories (EGB, Lovelock, etc.) where Holographic
Renormalization becomes extremely involved.
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