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Motivation

¢ Obtaining finite charges and other observables directly from the
gravitational action.
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¢ Obtaining finite charges and other observables directly from the
gravitational action.

e Two conditions on the total action
i) Variational principle must be satisfied for suitable boundary conditions.

This is achieved by supplementing the bulk action by appropriate boundary terms
such that the on-shell action is stationary:

Ivar[g] = fﬁ(g)+ f B
M oM

Olivera Migkovi¢ (PUCV) Conformal mass in Lovelock AdS January 19, 2017 3/25



¢ Obtaining finite charges and other observables directly from the
gravitational action.

e Two conditions on the total action
i) Variational principle must be satisfied for suitable boundary conditions.

This is achieved by supplementing the bulk action by appropriate boundary terms
such that the on-shell action is stationary:

Ivar[g] = fﬁ(g)+ f B
M oM

i) Removal of IR divergences present in [, 6/ by adding boundary terms
(counterterms) in a way consistent with the previous point:

Ilg] = harlg] + f Bct
oM
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e We will discuss the following two background-independent methods to
calculate conserved charges in Asymptotically AdS gravity

(We have to specify the boundary conditions or the fall-off of the fields, and the
way the action has been made finite.)
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e We will discuss the following two background-independent methods to
calculate conserved charges in Asymptotically AdS gravity

(We have to specify the boundary conditions or the fall-off of the fields, and the
way the action has been made finite.)

- Computation using conformal techniques to obtain the conformal mass

- Kounterterm regularization by adding boundary terms and obtaining the
(Noether) Kounterterm charges

e There are also other methods that we will not discuss here, such as
obtaining the Quasilocal Brown-York Stress Tensor (1993), Holographic
Stress Tensor by Henningson and Skenderis (1998), also
background-dependent methods — Abbott-Deser procedure (1982) and
Hamiltonian method by Henneaux-Teitelboim (1985), etc.
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Basic advantages / disadvantages of these two methods:

e Kounterterm renormalization can be applied to any Lovelock AdS gravity and
is tecnically simple in any D, but it is not always clear how to obtain a
quasilocal stress tensor and couple the matter fields
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Basic advantages / disadvantages of these two methods:

e Kounterterm renormalization can be applied to any Lovelock AdS gravity and
is tecnically simple in any D, but it is not always clear how to obtain a
quasilocal stress tensor and couple the matter fields

e AMD mass provides an extremely simple formula, but only in Einstein-Hilbert
(EH) AdS gravity and application to other gravities is not obvious, even
though often used

e Comparison of both methods has been done and they match in EH AdS

e Our goal: to use the Kounterterm charge to generalize the AMD mass
to Lovelock AdS gravity, and find its conditions of applicability

We shall start with a summary of both methods.
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Ashtekar-Magnon-Das met

e Asymptotic symmetries in AdS space <+ Conformal isometries

e Conserved charges are expected to be expressed in terms of the Weyl tensor,
Wivap, and the Killing fields, &', on the boundary
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Ashtekar-Magnon-Das method

e Asymptotic symmetries in AdS space <+ Conformal isometries

e Conserved charges are expected to be expressed in terms of the Weyl tensor,
Wivap, and the Killing fields, &', on the boundary

° showed that any conserved charge in AAdS
gravity can be expressed as a surface integral of a quantity involving only the
electric part of the asymptotic Weyl tensor and the asymptotic Killing
field

° gave a formal proof
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Ashtekar-Magnon-Das method

e Asymptotic symmetries in AdS space <+ Conformal isometries

e Conserved charges are expected to be expressed in terms of the Weyl tensor,
Wivap, and the Killing fields, &', on the boundary

° showed that any conserved charge in AAdS
gravity can be expressed as a surface integral of a quantity involving only the
electric part of the asymptotic Weyl tensor and the asymptotic Killing
field

° gave a formal proof

e Penrose’s conformal completion of asymptotically AdS spacetime
brings the boundary at co of AAdS space to a finite distance by performing a

conformal transformation Buv = Q2g}ﬂ,

(M, guv)  physical AAdS spacetime, gy, obeys the Einstein egs.
M, gw) unphysical spacetime, mathematically convenient

e The boundary with topology R x SP?~2 is attached to the spacetime
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Ashtekar-Magnon-Das me

e Conformal factor satisfies () =0, V,,() # 0 on the boundary oM;
O ~ L is a good radial coordinate for AAdS spaces in the vicinity of M

r

¢ Fall-off of the Weyl tensor

Q47DV\~/W“/5 is smooth on M and vanishes on M

(Global AdS Wtfﬁv = 0; Non-vacuum state WIV & r%’\fll by dim. analysis)
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Ashtekar-Magnon-Das method

e Conformal factor satisfies () =0, V,,() # 0 on the boundary oM;

Q~ % is a good radial coordinate for AAdS spaces in the vicinity of 9V

¢ Fall-off of the Weyl tensor

Q47DV\~/W“/5 is smooth on M and vanishes on M

(Global AdS Wtfﬁv = 0; Non-vacuum state WIV & r%’\fll by dim. analysis)
e On-shell Weyl tensor ng = R{i‘; + é% (SZ; is the AdS curvature
o Electric part of the Weyl tensor = Weyl projected to the boundary
. 1 .
J JV s :
E = D3 Wiy ity (trace-free and symmetric)
x' = local coordinates at the boundary
f, = outward-pointing normal to the boundary (7% = —1)

e Now we have all elements to write out the AMD formula.
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Ashtekar-Magnon-Das m

e Conformal mass H[E] = —% [ dP=2x\/& l::lj &'
Lo

outward-pointing unit normal to the boundary at constant t
asymptotic boundary of spatial section at constant t; its metric

asymptotic Killing vector

™M
¢
J
3
3>
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e Conformal mass H[E] = —% [ dP=2x\/& l::lj &'
Lo

0j outward-pointing unit normal to the boundary at constant t
20, 0mn asymptotic boundary of spatial section at constant t; its metric
¢’ asymptotic Killing vector
e Conformal mass in terms of the physical metric
H = dP—2x EJ U
E = 71 WJV ntn
i D-3 !

It is a very simple formula in EH AdS space!

We only need Ef and {ji.

Olivera Migkovi¢ (PUCV)

Conformal mass in Lovelock AdS January 19, 2017 8 /25



Kounterterm charges

¢ Boundary quantities on AAdS boundary placed at p = const

hij boundary metric
K i~ E)p h,-j extrinsic curvature
R’jk,(h) intrinsic curvature
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Kounterterm charges

¢ Boundary quantities on AAdS boundary placed at p = const
hij boundary metric
Kij ~ dphjj extrinsic curvature
R’jk,(h) intrinsic curvature

o Kounterterms regularization method in AdS gravity in D =d +1

- Consists in adding a unique surface term to the action that regularizes
Lovelock AdS gravity action and depends explicitly on the
extrinsic_curvature

I = b +cg [ d¥xBy (h, K, R)
aM

- It is covariant and background-independent.
- 61 vanishes on-shell thanks to the fall-off of the Weyl tensor (and fixed cy)

- The (Euclidean) action is finite, conserved charges are finite and their values
are correct when evaluated on a solution
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Kounterterm charges

¢ Equivalent to standard Holographic Renormalization method (when
expanded asymptotically)

Cd f ddXBd = f BGGH(h’ K) + f dD_1X\/—hﬁct(h,R,VR)+"‘
oM oM oM
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Kounterterm charges

¢ Equivalent to standard Holographic Renormalization method (when
expanded asymptotically)

Cd f ddXBd = f BGGH(h’ K) + f dP-1x *hﬁct(h,R,VR)+"'
oM oM oM

1. Generalized Gibbons-Hawking boundary term (Bggy = v —hK +--+)
= Dirichlet boundary condition on h;;

2. Dirichlet counterterms Lt do not depend on Kj;, obtained by holographic
renormalization
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. Generalized Gibbons-Hawking boundary term (Bggy = vV—hK +--+)

= Dirichlet boundary condition on h;;

Dirichlet counterterms Lt do not depend on Kj;, obtained by holographic
renormalization
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Kounterterm charges

¢ Equivalent to standard Holographic Renormalization method (when
expanded asymptotically)

Cd f ddXBd = f BGGH(h’ K) + f dP-1x *hﬁct(h,R,VR)+"'
oM oM oM

1. Generalized Gibbons-Hawking boundary term (Bggy = v —hK +--+)
= Dirichlet boundary condition on h;;

2. Dirichlet counterterms Lt do not depend on Kj;, obtained by holographic
renormalization

¢ Holographic stress tensor T = Iim0 (le*3 T (h)) (Q~ p?)
p;,

e Charges include the vacuum energy for the global AdS
(= Casimir energy for boundary CFT)

Vol(Zp_p) £27-2(2p—1)112
Ey = (—k)" YouZo-2) §2Z); M 5 ani1
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Kounterterm charges

Boundary term in even dimensions D = 2n

[ d?"xEn(R) = x(M) + [ d*""1xBop_1
M oM

e Euler theorem

e By,_1 is a given polynomial in hj;, Kj; and Rg’(h)

The coupling ¢cp,_1 is fixed from the variational problem
Boundary conditions (SKJ-i =0on oM

They match with 6h;; = 0 in ALAdS spacetimes because KJ’ = %51’ 4+
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Kounterterm charges

Boundary term in even dimensions D = 2n

[ d?"xEn(R) = x(M) + [ d*""1xBop_1
M oM

e Euler theorem

e By,_1 is a given polynomial in hj;, Kj; and Rg’(h)

The coupling ¢cp,_1 is fixed from the variational problem
Boundary conditions (SKJ-i =0on oM

They match with 6h;; = 0 in ALAdS spacetimes because KJ’ = %51’ 4+

Boundary term in odd dimensions D =2n+1

e Transgression form

[ &> x Thni1(R) = Ics[A] — Ies[A] — [ d?"x B,
M oM

e Ics is the Chern-Simons action for AdS (A) or Lorentz (A) group
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Comparison of charges in AdS gravity

Conformal mass vs. Kounterterm mass in Einstein-Hilbert AdS gravity
They are in exact agreement up to a definitional difference
e Kounterterms methods gives rise to vacuum energy in odd dimensions

e The AMD charge by construction has vanishing AdS background, hence it
does not contain the vacuum energy

January 19, 2017 12 /25
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Comparison of charges in AdS gravity

Conformal mass vs. Kounterterm mass in Einstein-Hilbert AdS gravity

They are in exact agreement up to a definitional difference
e Kounterterms methods gives rise to vacuum energy in odd dimensions

e The AMD charge by construction has vanishing AdS background, hence it
does not contain the vacuum energy

e One has to assume an asymptotic fall-off for the Weyl tensor as considered
by AMD

e Holographic renormalization also gives the same vacuum energy, Eg

e Holographic methods contain additional finite terms, scheme-dependent
counterterms that do not contribute to the charge

e This comparison has been done only up to five dimensions because of
technical difficulties
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Lovelock AdS gravity

e Lovelock action

167TG de Z IXP‘CP( )

e L, = polynomial of order p in the Riemann curvature

‘Hap RV1V2 |, Vop—1V2p
“Vop iy Hop—1H2p

Lp(R) = £ out

e N = maximal degree of the curvature, N = [(D —1)/2]
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Lovelock AdS gravity

e Lovelock action

167TG de Z IXP‘CP( )

L, = polynomial of order p in the Riemann curvature

Lp(R) = £ out

‘Hap RV1V2 |, Vop—1V2p
“Vop iy Hop—1H2p

e N = maximal degree of the curvature, N = [(D —1)/2]

ap = coupling constants, eg. &g = —2A = (D — 1)(D —2)/¢?

ap =1 (Einstein-Hilbert)

Xy =« (Gauss-Bonnet)
In general, &, are arbitrary, but some restrictions may apply; If GB is coming
from String Theory, then & > 0; In the context of AdS/CFT, {a,} are
restricted by causality in CFT , etc.
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Lovelock AdS gravity

e Equations of motion

1
0:—%05%041 <R5‘—2R55‘> + L

N
H_ P cHV1V2p pHiHy Hon—1H2p
L= % 55 iy R - R vy
p:
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Lovelock AdS gravity

e Equations of motion

1
0=—%°5£‘+a1 <R5‘—2R5£‘> + 1!

N«
_ P sHV1Vap pfigfl Hon-_1H
L= pgz op+1 ‘Svui-“ﬂz Rofv," -+ RV22p—11V22pp
e AdS vacuum is determined by the effective AdS radius /¢
_ 2 Hv __ 1 gpv
A= _l/geff’ RIX/S - _@504/5
0. A(A) = P 0 = A=
Eom= (1) LD —2p_1)! eff = Lefi(ap)
e Degeneracy of the vacuum
Simple vacuum AN #0
Degenerate vacuum of order k AP) (A) =0, p=1,...,k—1
ARI(A) #£0

January 19, 2017 14 /25
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Lovelock AdS gravity

¢ General spherically symmetric (black hole) solution
with the metric function f(r) = —g = 1/gnr

D(p k—f(r) p . ]/{
(D—2p—1)! ( 2 = D1 + matter

M=

p=0
e Asymptotic behavior of around a k-degenerate vacuum

2 1/k 2 1/k
Lt Z M
f(’)—’”rﬁff“*(m) +b(rzo_zk_z) +o
€
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Lovelock AdS gravity

¢ General spherically symmetric (black hole) solution

with the metric function f(r) = —g = 1/gnr

D(p k—f(r) p . ]/{
(D—2p—1)! ( 2 = D1 + matter

M=

p=0
e Asymptotic behavior of around a k-degenerate vacuum
2 1/k 2 1/k
— r ¢ I
f(r) =k+ 7 +a (rD_2k_1) +b (rzD—zk—z) +
€

e Example — Einstein-Gauss-Bonnet AdS gravity, ag, a1, 2> # 0
: : HH1HoH3Hy V1V2 1 svivm V1V2 1 svivp )
Equations of motion dyy}v,75v, (Rﬂlﬂz + z 5%1142) (Rﬂlﬂz + = (5;4”,2) =0

If « is such that ¢4 = ¢_, the vacuum is k = 2 degenerate. In D =5, this «
corresponds to Chern-Simons AdS gravity.
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Kounterterm charges in Lovelock AdS gravity

e Even dimensions, D = 2n

1 -1
Bon_1 = 2nv/—h [ dusl?"=1 K (% R— u2K2)"
0

_ 1 yvn-1__pap _p2 7P
Cn—-1 = ~ 670G Lp1 (2n72p)!( Cete)
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Kounterterm charges in Lovelock AdS gravity

e Even dimensions, D = 2n

1
By, 1 = 2m/—hf dusl2n-1 K (% R — u2K2)

n—1

pep 2 \N=P
Cn-1 =~ Tomng Yp- (2n—2p)! i (—Lge)

¢ Odd dimensions, D =2n+1
1 t n—1
Bon = 2nv/—h [ du [ ds 12" K& (g R — u?K? + 52>
0 0 eff

f2n 2p

_ 1 1 2 n—11" )Ppapt
©2n = 670G [fo du (u* —1) ] Yp= 1 2n 2p+1)

Olivera Migkovi¢ (PUCV) Conformal mass in Lovelock AdS January 19, 2017 16 / 25



Kounterterm charges in Lovelock AdS gravity

Noether charge

Q) = [ d° 2y Voue (d +dy,)

P

qf — black hole mass
qéo)i — vacuum energy

In global AdS space q{ =0

In even dimensions q{o)’. =0
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Kounterterm charges in Lovelock AdS gravity

Expression for the charge density tensor Q/j = qf + q{o)i

e Even dimensions D = 2n, q{o)i =0
; 1 .n—1 o B
= sln-1] _ Px e pp—1 [s2ln—p _ (_p2 n—p
q{ 167rG2" 29 ,El (2n —2p)! KiR? [5 ( Coge R) }

RV = R(h), — KiK! + K/ K] (Gauss-Codazzi relation)
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Kounterterm charges in Lovelock AdS gravity

Expression for the charge density tensor Q/j = qf + q{o)i

e Even dimensions D = 2n, q{o)i =0
; 1 .n—1 o B
= sln-1] _ Px e pp—1 [s2ln—p _ (_p2 n—p
q{ 167rG2" 29 ,El (2n —2p)! KiR? [5 ( Coge R) }

RV = R(h), — KiK! + K/ K] (Gauss-Codazzi relation)
e Odd dimensions D = 2n 41, q{o)i #0

1 J2 Jon e g2
1671G (2n — 1)!12n=2 “i--izn K;
" pap(2n—1)! iBia | pi2p-1ip hpt1ipia | shp-1i2n
p=1 (2n _ 2p + 1)1 J3J4 J2p—12p J2p+1J2p+2 J2n—1J2n

¢ =

2

. | I3I4 1314 .. 2n—112n u ’:2n—1’:2n
+ 167G (2n 1 nC2" f du ( J3ja + 2 5]314) (Rjzn 1/2n + 2 512n112n)]
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Kounterterm charges in Lovelock AdS gravity

Expression for the charge density tensor Q/j = qf + q{o)i

e Even dimensions D = 2n, q{o)i =0
; 1 .n—1 o B
= sln-1] _ Px e pp—1 [s2ln—p _ (_p2 n—p
q{ 167rG2" 29 ,El (2n —2p)! KiR? [5 ( Coge R) }

RV = R(h), — KiK! + K/ K] (Gauss-Codazzi relation)
e Odd dimensions D = 2n 41, q{o)i #0

1 J2 Jon e g2
1671G (2n — 1)!12n=2 “i--izn K;
" pap(2n—1)! iBia | pi2p-1ip hpt1ipia | shp-1i2n
p=1 (2n _ 2p + 1)1 J3J4 J2p—12p J2p+1J2p+2 J2n—1J2n

¢ =

2

. | I3I4 1314 .. 2n—112n u ’:2n—1’:2n
+ 167G (2n 1 nC2" f du ( J3ja + 2 5]314) (Rjzn 1/2n + 2 512n112n)]

Goal: to find when q{ e Elj because then Q[0;] = H|[0:]
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Conformal charges in Lovelock AdS gravity

Important step — factorization of the charge by the AdS tensor

1
e AdS curvature Fﬁf = Rﬁf + s (5% (vanishes for global AdS)
eff

¢ Relation between the Weyl tensor and AdS curvature
Einstein AdS gravity: Wﬁf = Fﬁf bogt =4
Lovelock AdS gravity : Wﬁf + Fﬁf bogt £ L
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Conformal charges in Lovelock AdS gravity

Important step — factorization of the charge by the AdS tensor

1
e AdS curvature Fﬁf = Rﬁf + s (5% (vanishes for global AdS)
eff

¢ Relation between the Weyl tensor and AdS curvature
Einstein AdS gravity: Wﬁf = Fﬁf bogt =4
Lovelock AdS gravity : Wﬁf + Fﬁf bogt £ L

e Since q{ = 0 in the vacuum, it suggests that q{ is factorizable by Flij,

qf_ = ap 5]/2"'__/2n—1 K11 I_—Igl3 P{4'--!2n,1(F)
i 1o ip—1

i Jog3 " Jardan—1

Here: n=[D/2] Integer related to the dimension
an Constant that depends on cp_1 and Ze5

Pj:ﬁ"j Dimension-dependent polynomial of F
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Conformal charges in Lovelock AdS gravity

Important step — factorization of the charge by the AdS tensor

1
e AdS curvature Fﬁf = Rﬁf + s (5% (vanishes for global AdS)
eff

¢ Relation between the Weyl tensor and AdS curvature
Einstein AdS gravity: Wﬁf = Fﬁf bogt =4
Lovelock AdS gravity : Wﬁf + Fﬁf bogt £ L

e Since q{ = 0 in the vacuum, it suggests that q{ is factorizable by Flij,

qj - a, 5]12 ./2n 1 K'l 23 79/4 “ip— 1(,_—)
1

-1 ! J2J3 Jarjan—1

Here: n= [D/2] Integer related to the dimension
an Constant that depends on cp_1 and Ze5

Pj:ﬁ"j Dimension-dependent polynomial of F

. PJ':J'E”’: is obtained using the factorization formula
e

a1l — (=b)" 1 =(n—1)(a+b) f du [u(a+ b) — b]"2
0
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Conformal charges in Lovelock AdS gravity

e Another important information: Fall-off of the Weyl tensor
Weyl tensor # AdS curvature

WVV — Rﬂlg + [% 5.”]/ + XVV
“eff

«p o ap «p
w1 ] 2H} <\ v
Xvp = D=2 9t — ((Dl><%2> + wﬁ) Oap 70

e In order to find an asymptotic behavior of the tensor Flfg = le:g + é% (SZE in
eff

AAdS spaces, first we repeat the original argument of Ashtekar and Das
about the fall off of the Weyl tensor in EH gravity, and after that we analyse
the AdS curvature in EGB gravity.
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Conformal charges in Lovelock AdS gravity

e Asymptotic behavior of W in EH AdS gravity
- Global AdS space: W/|,4q =0
- Non-vacuum state with total mass M:

GM Hv GM
W — W|pqs ~ == leads to Wig ~ o1

- The power factor a is determined by dimensional analysis, from [G] = Lb-2
M| =1/Land (W] =1/1?

1
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Conformal charges in Lovelock AdS gravity

e Asymptotic behavior of W in EH AdS gravity
- Global AdS space: W/|,4q =0

- Non-vacuum state with total mass M:

GM Hv GM
W — W|pqs ~ == leads to Wig ~ o1

- The power factor a is determined by dimensional analysis, from [G] = Lb-2,
M| =1/Land (W] =1/1?

e Asymptotic behavior of F in EGB and Lovelock AdS gravity

- EH gravity: X[ggags = (W — F)lgaas =0
- Thus, a difference between W and F in EGB gravity is due to existence of a
GB term and the quadratic mass corrections of a non-vacuum state:

v GM)?
Xﬂljﬁ ~ (,207)2

- The power-factor is determined by a dim. analysis, giving [a] = L.
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Conformal charges in Lovelock AdS gravity

e Asymptotic behavior of W in EH AdS gravity
- Global AdS space: W/|,4q =0

- Non-vacuum state with total mass M:

GM Hv GM
W — W|pqs ~ == leads to Wig ~ o1

- The power factor a is determined by dimensional analysis, from [G] = Lb-2,
M| =1/Land (W] =1/1?

e Asymptotic behavior of F in EGB and Lovelock AdS gravity

- EH gravity: X[ggags = (W — F)lgaas =0
- Thus, a difference between W and F in EGB gravity is due to existence of a
GB term and the quadratic mass corrections of a non-vacuum state:

v GM)?
Xﬂljﬁ ~ (,207)2

- The power-factor is determined by a dim. analysis, giving [a] = L.

¢ We confirm the validity of the above argument in the space of
solutions.
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Conformal charges in Lovelock AdS gravity

From Noether to conformal charge in even dimensions

e The proof is similar in odd dimensions as well

e \We showed a factorization of the charge q{ = a, y/[2n—1] K FJ(F)

e The polynomial P(R) is given in integral representation by

.n—1 _ p—1
_ a1 S P(n=pap (4
T(FA)=05 E )i (F ’ ) s

1 1 n—p—1
x [ du <£25m+ (u—1) F>
0 eff

e Now it is explicit that ¢/ vanishes for the global AdS (F = 0)
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Conformal charges in Lovelock AdS gravity

e Asymptotically AdS behavior of the metric
uj~O(r),  Vo~0(rP2)

= The only contribution to the charge comes from q{ ~ O(rP-1)
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Conformal charges in Lovelock AdS gravity

e Asymptotically AdS behavior of the metric
uj~O(r),  Vo~0(rP2)

= The only contribution to the charge comes from q{ ~ O(rP-1)

e Asymptotic behavior of other tensors

Foy :ng{—l—i(’)(l/rzD’j)
] —
I(j ——@5J+O(1/r)
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Conformal charges in Lovelock AdS gravity

e Asymptotically AdS behavior of the metric
uj~O(r),  Vo~0(rP2)

= The only contribution to the charge comes from q{ ~ O(rP-1)

e Asymptotic behavior of other tensors

Fl = ng{—i-O(l/rzD*j)
] . 1
I(j ——@5J+O(1/r)
e Charge density tensor evaluated: q{ =ap 5[’]] WJ7(0)+---

e The integral J(0) becomes trivial

e We have to use the fact that the Weyl tensor is traceless

(- ko i i
(Wyﬁ—Wrrg—O—Wkg— ) = Wi is E;
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Conformal charges in Lovelock AdS gravity

o Gathering all those properties together, we get

q[ — 2n 4 "geff A/(/e ff) 5[3]
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Conformal charges in Lovelock AdS gravity

o Gathering all those properties together, we get

q[ — 2n 4 "geff A/(/e ff) 5[3]

o The electric part of the Weyl tensor is £/ = 5 W,J}l/ n#ny so that

Q[g) = — E= B2l N (L) [ IR EL
Zoo

e In EGB gravity, the result is in agreement with (up to £ — Leg),
where the conformal techniques were used, and with the conformal mass
obtained in

e The result is valid only for simple vacua where A’({yg) # 0

e This means that Chern-Simons gravity, or Lovelock Unique Vacuum
gravity, does not have well-defined conformal mass
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Conclusions

o Kounterterm charges Q[&] and the AMD conformal mass H[¢] always match
in Einstein AdS gravity

e In Lovelock AdS gravity, conformal mass is well-defined only for
non-degenerate vacua

e The only difference with respect to holographic charges appears in the
odd-dimensional case, where there is a piece that gives rise to the vacuum
energy.
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Conclusions

Kounterterm charges Q[¢] and the AMD conformal mass H|[Z] always match
in Einstein AdS gravity

In Lovelock AdS gravity, conformal mass is well-defined only for
non-degenerate vacua

The only difference with respect to holographic charges appears in the
odd-dimensional case, where there is a piece that gives rise to the vacuum
energy.

Better understanding of the holographic properties of the Weyl tensor and
AdS curvature is necessary

Case of boundary topology different than R x S®~2 has not been covered

In D = 4, the charge adcquires the magnetic mass when the Pontryagin
invariant is added to the action
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Conclusions

o Kounterterm charges Q[&] and the AMD conformal mass H[¢] always match
in Einstein AdS gravity

e In Lovelock AdS gravity, conformal mass is well-defined only for
non-degenerate vacua

e The only difference with respect to holographic charges appears in the
odd-dimensional case, where there is a piece that gives rise to the vacuum
energy.

e Better understanding of the holographic properties of the Weyl tensor and
AdS curvature is necessary

e Case of boundary topology different than R x S22 has not been covered

e In D = 4, the charge adcquires the magnetic mass when the Pontryagin
invariant is added to the action

THANK YOU!
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