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1. Introduction

In even dimensions trace anomalies give important information about conformal field the-
ories . Coupling the theory to an external space time metric the information about all the
energy momentum tensor correlators is encoded in the generating functional. The confor-
mal invariance of the theory ,i.e. the Ward identities following from the tracelessness of the
energy momentum tensor is equivalent to the requirement that the generating functional
is invariant under a local rescaling of the metric(Weyl invariance ).

The trace anomalies are a violation of this requirement by local functionals which cannot
be removed by the variation of a local counterterm . The possible terms which can appear
were classified and belong to two classes:

a)type A given by the Euler characteristic in the respective , even dimension

b)type B whose number increases with the dimension and which are local Weyl invariant
functionals

The above , "bulk” trace anomalies were generalized to other (surface) observables , in
[1] .These new , Graham-Witten anomalies exist whenever the embedded submanifold has
even dimension.

The calculation of trace anomalies in an interacting conformal theory is a nontrivial task
. In superconformal theories the calculation is made easier by the relation of the trace
anomalies to various chiral anomalies.

With the advent of holography [2] a new method for the calculation of trace anomalies
became available through a classical calculation in the dual (super)gravity theory . In [3]
such a calculation was performed giving impressive agreement with the known values of the
anomalies in the conformal field theory . The calculation involved a systematic expansion
of the solution of the equation of motion .

In the present contribution , based on [4] we review a new method to calculate trace
anomalies in a holographic setup . The calculation does not require the solution of the
equations of motion. The anomaly is given by a boundary term . This allows the calculation
of the anomalies for arbitrary actions . In particular we obtain a universal formula for the
type A anomaly for a general gravitational action in an arbitrary even dimension . The
method is generalized to include also Graham-Witten anomalies.

The contribution is organized as follows:

-in Section 2 we describe the new method and apply it to the calculation of bulk trace

anomalies and Graham-Witten anomalies



-in Section 3 we discuss the possible back reaction of the terms producing the Graham-
Witten anomalies on the calculation of bulk trace anomalies
-in Section 4 we give a new proof for the universal formula describing the type A anomaly

for arbitrary actions

2. Holographic anomalies

In this section we present a general scheme to compute holographic conformal anomalies.
It is very much like the computation of the SU(4) R-current anomaly presented in [5]. The
anomaly is the boundary term generated by a suitably chosen local symmetry transforma-
tion. In the case of the R-current this is a SU(4) gauge transformation and the boundary
term, which is the R-current anomaly of the CFT on the boundary (N =4 SYM) is due
to the SU(4) Chern-Simons term present in the 5d gauged supergravity that arises when
one compactifies type IIB string theory on S°. For the conformal anomalies the appropri-
ate transformations are the so-called PBH-transformations, a subgroup of five dimensional
diffeomorphisms introduced in [6] and reviewed in the following. This treatment of the
conformal anomalies does not require the solution of the equations of motion and it does
not depend on the introduction of a cutoff. This gives us confidence on the generality of
their structure when we compare it with the results in the field theory.

In the first part of this section we deal with those anomalies origination from the bulk
gravitational action. In the second part we extend the discussion to the trace anomalies
originating from the Dirac-Nambu-Goto ("DNG” in the following) piece of the action

(“Graham-Witten anomalies”).

2.1. Anomalies from the bulk

We start with trace anomalies in the bulk. Besides giving a general illustration of the new
way to calculate trace anomalies the explicit results will be used in the following for an
alternative holographic representation of the anomalous pieces in the EE.

Consider a generic gravitational bulk action
S — / VGF(R) d*1X (2.1)
M

where f is an arbitrary scalar function of the curvature and its derivatives. We require
that (2.1) admits AdS441 as a solution to the equations of motion: this imposes a mild

inequality on the coefficients in f(R).



We choose coordinates X* = (z*, p) such that p = 0 is the boundary of AdSy,; where the
dual CFT lives. It is coupled to a metric (source for its energy momentum tensor) gl(;’)(x)
For the bulk metric we choose the Fefferman-Graham (FG) gauge [7][3]

dp

2
v 1 % j
ds* = G, dX"dXY = (%) + ;gij(a:, p)dx*dx’ (2.2)

with gi;(x,0) = g;7’(z). For g7 = ni; (2.2) is the metric of AdSqy1, whose curvature
radius we have set to one.

PBH (Penrose-Brown-Henneaux) transformations are those diffeomorphisms £# which pre-
serve the FG-gauge (6], i.e. for which LG, = L¢G,; = 0. The solution is parametrized

by an arbitrary function o(x):!

. . 1 [P 5
¢ =—oa). & =dlop) =3 [ o0 (2.3)

(0)

In particular, d,g;; = 209"

i o Le. o(x) is the parameter of Weyl rescalings of the boundary
metric.

The group property for PBH transformations can be shown to be

10,8y — 50081 + 0281 — 0165 = 0 (2.4)

The last two terms are due to the dependence of the transformation parameters on g;;(x, p).
The essential property of the PBH transformations is that on the boundary they coincide
with the action of the Weyl group. Therefore in holography the Weyl group becomes
embedded in the d + 1 dimensional diffeomorphisms and the study of Weyl anomalies is
reduced to an analysis of how diffeomorphisms act.

Under a bulk diffeomorphism the action (2.1) is invariant up to a boundary term
6 (VGS) = 0,(VGe ) (2:5)

5= [ A GHR o =2 [ VG polyms (2.6

oM
where in the second line we have restricted the diffeomorphism to a PBH transformation.

The finite piece of this boundary term is the holographic Weyl anomaly.

The choice of lower limit in the p’ integral means that we do not consider diffeomorphisms of the

boundary. They are of no interest here.



A comment is in order here: we consider passive diffeomorphism transformations which
act on the fields rather than the coordinates. The reason for doing is that we want to keep
the boundary fixed.
Following [7](see also [8]) we expand the metric as

=

9ij(z,p) = 9 ij(z)p" + ... (2.7)

n=0

The ... denote logarithmic terms (~ log p) which are present for even d. They do not play

a role in our analysis. The integrand in (2.1) has likewise an expansion of the form [6]
VGH(R) = VT4 1b(z,p) = VITp 1Y b ()" 2.5)
n=0
As was shown in [6], b and thus each b,,, satisfies the Wess-Zumino consistency condition
/ A2/ 9@ (0105, — 0204,)b =0 (2.9)

A simple way to see this is as follows (cf. the Appendix). For @ = v/Gf(R) one derives
00, O = 0,,(&'O) and [04,,05,] O = 0 by virtue of the group property (2.4).

On-shell b,, is a local, covariant expression constructed from gg). For d = 2n it is the
coefficient of the boundary term at O(p~!) and represents the Weyl anomaly of the dual
2n-dimensional CFT. The bulk gravitational action thus plays the same role for the Weyl
anomaly of the CFT as does the CS term for the R-current anomaly.

For general d = 2n, the on-shell b,, depends also on some of the derivatives of g;; at p =0
and not only on the boundary value gﬁg). These higher derivatives need some information
contained in the equation of motion. However, for d = 4, by can be computed without
the need to solve the equations of motion. As we will show momentarily, in d = 4,
besides 9 only the coefficient 9V of the FG expansion of the bulk metric appears. This

second coeflicient is universal because it is uniquely determined by its behavior under PBH

transformations and locality [6]:

(1) 1

1
gij (d — 2) (RZ] - mgin) (2.10)

where R is the curvature of ¢ and g;; = ggg). The universality of ¢ will be spoiled if

we take back reaction into account, as we will do in section 5.
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On dimensional grounds b,, can at most be linear in ¢, as both carry length-dimension
—2n (p ~ length?). By assumption, f(R) is such that Anti-de-Sitter space is a solution of
the equations of motion. Expand the action around this solution. In this expansion the
term linear in the fluctuations around the AdS-metric can only be a total derivative (or
vanish altogether). Consider the terms V#V*G,,, and LtrdG. For fluctuations 0G;; =
p 1 gi}” the possibly dangerous terms, i.e. those which might contribute to b,,, are of the
type p"tr g™. It is straightforward to show that their coefficient is zero for d = 2n. Higher
derivative terms in the variation of the action will involve coefficients g™ for m < n. We
stress that the above argument showing that in d = 2n ¢ does not appear in the b,, term
in the expansion of the action does not prevent the participation of ¢ in the equation of
motion in the usual way [3] of calculating the anomalies.

To summarize, to find the Weyl anomaly of the d = 2n-dimensional dual CFT all we have
to do is to extract the coefficient of 1/p is the expansion of the gravitational action. In
d = 4 this only involves 9© and 9" and is thus completely fixed. On general grounds this
can always be written as a linear combination a By — ¢ C? + e R where C? is the square
of the Weyl tensor, F, the Euler density (i.e. [,,/gFs o x(M)). In the Appendix we

will rederive the general expression for a, already found, by different means, in [6].

2.2. Graham-Witten anomalies

In this subsection we will study the trace anomalies for submanifolds (“Graham-Witten”
anomalies) . We will follow the method used in the previous subsection for bulk anomalies
which does not depend on the equations of motion and does not need a cutoff. This
will enable us to discuss the general structure of the Graham-Witten anomalies and the
anomalies produced by more general submanifold actions having the same symmetries as
DNG. For the DNG action our method reproduces the result of [1].

We start with a classification of the possible Graham-Witten anomalies for the case when
the submanifold has dimension 2 embedded in a manifold of dimension d.

Candidates for the Graham-Witten anomaly are solutions to the Wess-Zumino consistency
condition satisfying the following conditions: they should be local expressions constructed
from the second fundamental form and from curvatures, linear in the Weyl parameter
o; they should have two derivatives (appropriate for the two dimensional case considered
here); they should be cohomologically non-trivial. Among those we distinguish between
type A which satisfy the WZ condition non-trivially and type B which satisfy them trivially

having expressions which are Weyl invariant.
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To find the candidates for the anomaly, we will need, besides well-known expressions
for the Weyl-transformation of the curvature tensors, the transformation of the second

fundamental form and of its trace:
0, Kl = —hayPP0j0,  6,K'=0,(h""K!) = —20K' — k P70 (2.11)

where P = ¢gi —h¥ = ¢g' —h**9, X*0, X7 projects to the normal space of the hypersurface.
It is then straightforward to show that the following list exhausts all possible Weyl invariant

expressions:

Vhh*h¥Cheq,  Vh(tr(K'K7) — %Kin Vgii, VR(EKIg;; — 4h 'y + 2R®)
(2.12)
where R is the curvature scalar of the induced metric, Cypeq the pull-back of the bulk
Weyl tensor and (éll)ab =0, B?iﬁb ()(;')j (sll)ij is the pull-back of (2.10). However, with the help

of the Gauss-Codazzi equation one shows that
hhPCpeg = R — 210 Gy + LK KT gy — (te(KTKT) — LK) g, (2.13)

i.e. the above Weyl invariant expressions are not all independent. We will choose the first
two as a basis.

Candidates for the type A anomaly are
VhR® o, VhK'0,0, Vho (2.14)

where these expressions are restricted to the submanifold. The first is the well-known trace
anomaly in d = 2. The second one, on the other hand, is trivial as it can be written as the

Weyl variation of a local term:
6o (K"K g;5) = —4K'0;0 (2.15)

where one uses (2.11) and K;h% = 0. The third one is again trivial being the variation of
R the scalar bulk curvature restricted to the submanifold.
We thus arrive at the following basis of GW anomalies when the submanifold is two

dimensional:

type A: VhR® o

o o (2.16)
type B:  VhR*“h*Copea, Vhgij(tr(K'K7) — LK KT) o
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In terms of this basis the anomaly found by Graham and Witten, who considered the case
where the hypersurface degrees of freedom in the CFT have their holographic description

in terms of the DNG action, is
1 o o
Acw = § / Pz Vh (h“chdeabcd — i (tr(K'K7) — s KTK7) — R<2>)a (2.17)
o

We proceed now to an analysis of the Graham-Witten anomalies in a holographic setup.
We will leave the dimensions of space-time d and of the submanifold k general and at the
end of the discussion we will go back to the specific k£ = 2 case.

In the holographic realization we have to consider a (k + 1)-dimensional submanifold >
embedded into the (d + 1)-dimensional bulk M such that it ends on a k-dimensional
submanifold 9% on the d-dimensional boundary. Denote, as before, the bulk coordinates
by X* = (2%, p) and the world-volume coordinates by 7% = (2%, 7) with i = 1,...,d and
a=1,...,k. The embedding is X* : ¥+ M, ie. Xt = XH(T%).

We assume that the action contains in addition to the usual bulk component (2.1) another
component defined on the k + 1 submanifold. The additional piece is invariant both under
usual bulk diffeomorphisms and under reparametrizations of the world volume.

We want first to generalize the PBH transformations (2.3) to this new situation where we
have two linked gauge invariances.

We first fix the gauge. For the bulk we go to FG gauge (2.2) as before. The reparametriza-

tions of ¥ are fixed by imposing
T=p and har =0 (2.18)

Under a reparametrization of Y, parametrized by éo‘, X*# transforms as a scalar, i.e.
5€~X” = £29,X*. In particular 6£~p = £2%9,p = €7 = 0 after fixing the 7 = p gauge.
Also, if we require that 5§~hm = 0, we find that £* must be independent of 7. This means
that all world-volume reparametrizations of 3 are fixed except the ones acting on 9X.

We perform now a target space PBH transformations dp = —2p0o, dz° = a® (cf. (2.3)). To

stay in the 7 = p gauge we must make a compensating world-volume diffeomorphism

£ =270 (2.19)
The resulting change of the induced metric must be compensated in order to keep h,r = 0:

Shar = 0a€ hrr + - hgy = 0 (2.20)
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With €7 = —270 this can be integrated to
éa = 2/ dr’ ' h. h® 8o
0
where all functions in the integrand depend on 7 (through X*(x¢,7)). Here
hor = 0, XP0, X" Gy = —— + L0, X109, X9g,;(X
rr = OrAT0r w = g T ZO0r A Or 9i(X, 7)

Expand g;; in powers of p (cf. (2.7)) and X* in powers of 7 (with 7 = p)

XU (7, 29) =X (2%) + 7 X' (@) + 72 X (2%) + . ..

With the definition

), (0) ©

1 . ‘ ©
hap = ;6GX181)X99¢J( ) = _a WX Op X’ gm(X) + O(D =

ab(X> + O(l)

DI

we obtain from (2.21)

€0 = %7‘ (;L)“bﬁba +O(7?)

We can now determine how X* changes under PBH. It transforms as
_ goz 6a Xz o ai
with a® from (2.3). This implies

5 X =0

(1), @, 1o 1 (.
0 X' =—20 X'+ 3 19, X Oy — 3 9980

which is solved by
@), 1

T _KZ
X 2k
where
. (0). (0) (0). (0) (0) (0)
K =R, = (0,00X = T 50X+ T 5, 0.X70,X")

(2.21)

(2.22)

(2.23)

(2.24)

(2.25)

(2.26)

(2.27)

(2.28)

(2.29)

is the trace of the second fundamental form, i.e. the extrinsic curvature, of the embedded

submanifold 0X.



We remark that the universality of ()1()’ is analogous to the universality of g, c.f. (2.10).
The higher X, just like the higher ¢, are not universal, the reason being that their
behavior under PBH transformations admits homogeneously transforming terms 2.

We succeeded therefore to put also this more general situation, with the action having
two components, into a framework similar to the one we had for the bulk action alone.
The action of the Weyl transformations on the boundary is embedded into bulk diffeo-
morphisms and world volume reparametrizations (2.19), (2.21). Moreover, besides the g™
component of the bulk metric also the X component of the embedding have a universal
form determined by the PBH transformations.

Using these results we are now prepared to analyze the Graham-Witten anomalies, i.e. the
transformation properties of the additional piece of the action when the metric ¢/ is Weyl
transformed.

Following [1] we consider the case where the dynamics of the submanifold is governed by

the DNG action:
S = / Vh (2.30)
>

The generalization to arbitrary world-volume actions is straightforward. A particular case
will be considered at the end of this section. The DNG action of ¥ is invariant under
passive world-volume diffeomorphisms up to a boundary term. The finite part of this

boundary term (at 7 = 0) is the Graham-Witten anomaly
A= [ Vdeth€ |gnite (2.31)
o%

Given that the T-expansion of X is universal only up to the first non-trivial order, we
will be able to compute the anomaly, without further input from the equations of motion,
only for k£ = 2. This is also the relevant dimension for the discussion of the EE in a four
dimensional CFT.

We now evaluate (2.31). We need

- ©) oo O () 5
" = 270(X) = —-270(X) — 27°0,0(X) X' + O(7°) (2.32)

For gg.) this is e.g. gg.))C2 and for X" any one of the terms in (2.12) (without the v/ factor),
multiplied by X (.



and det(h) = h,, det(hgp) with

1 1 @ @ 1 ), @) (0)
her = — + + Xt xI +...= 1 +47 X' X’ 523)-!-
4 T N dr? (2.33)
det hyp, = —det(hab)(l +7 R Ra) +
where
(1) ©). (0) 1) (0) ©). (1) O ©: © @)
hap = BaX 6bXJ 513 + 8(1X 6bXJ 513 + aaX abXJ ézg + 0. X" aijak-gm g ( )
2.34
68 1 .
With the help of these expressions we finally find, for £ = 2,
Acw =3 / et h( (9, KK — 40 G4)0 — 2K'0i0) (2.35)
o8

where h and g now denote the boundary metrics. Eq.(2.35) is in agreement with [1]. As
remarked above, the last term is cohomologically trivial. The rest can be written in terms
of the basis (2.16). The result was already given in (2.17).

In analogy to allowing general bulk actions, as we did in Section 3.1, the dynamics of the

hypersurface might be given by generalizations of the DNG action
= / Vhf(R®, K, X,...) (2.36)
b
where f is a scalar function. In this case the GW anomaly will also change:

Videt hf€ |anite (2.37)
>

The fact that the anomaly satisfies the WZ condition is again a consequence of the group
property of the PBH transformations.

As a particular example we consider the action
S = /Z VRF(R®)) (2.38)
where R®) is the Ricci scalar computed with hq 3 with the expansion
R® — 6+ <R<2> —2hab g+ L (E)inin> S (2.39)

For instance, if we choose f(R®*)) =1 — %R(E) the GW-anomaly is purely type A. Alter-

natively we can choose an action for which the R(®) anomaly vanishes .
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3. The back reaction and the Graham-Witten anomalies

The holographic realization as used above involved smooth bulk metrics. We would like
to examine if in the holographic realization a singular metric due to the back reaction of
the DNG could appear and if they may have an influence on the anomaly calaculation. Of
course the boundary value of the metric ¢'® is smooth but the solution in the bulk can
acquire singular components if the back reaction of the DNG component of the action is
taken into account.

In the previous section we have treated the dynamics of the bulk independently producing
a solution g;;(z, p). The embedded surface evolved in this bulk background following the
dynamics prescribed by the DNG action. In this section we will take back reaction of the
hypersurface on the bulk into account, solve the coupled equations of motion and evaluate
the O(p~1) term of the on-shell action. According to [3] this computes the Weyl anomaly,
in addition to the contribution coming from the DNG piece.

The total action is

S:/ dpddx@(R—2A)+/ dr d*z~\/hap (3.1)
M =

The equation of motion for the metric can be cast in the form

VG (%(R —20)GH — RW) = AW (3.2)
with
AP = —% / VR 8D (2 — X (1)) 6(p — 7) (3.3)
by

Inserting its trace into the action results in
d—Fk—2
S:2d/ \/G+7/\/ﬂ (3.4)
M d—1 Js

where the second term vanishes if codim(X) = 2, which is the case of interest where d = 4

and k = 2. However, the DNG piece of the action will feed back, through the equations of

motion, into the coefficients gé;).

Using the FG expansion (2.7) one finds the following expression for the on-shell action at
O(p~") 3] , , )
2 1 1
Zx/det g (tr 7 - itr((g)z) + Z(tr (g))2> (3.5)
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For g one finds, by solving the (ij)-component of (3.2) at leading non-trivial order in its
p-expansion

(1) 1/ © 1 ) (o) (1)
gij:§<Rij_8Rgij>+5 9ij (3.6)

where

(1) 1 <o (0) ) (0)
Lo 23 )5
0 9ij oo hzt7 Z]>6 (r— X) (3.7)

and
(0) ©)  (© (©, - O

o)
hij =Y 951 b 0a X

Oy X (3.8)

Note that d¢® is Weyl invariant and ¢(!) is no longer universal. Consistency with PBH
and dimensional arguments restrict the most general nonuniversal addition to g*, which
would result for general bulk and hypersurface action to the above form, but with arbitrary
coefficients for A® and ¢ in (3.7).

To find tr(g®) it suffices to solve the (pp)-component of (3.2) at lowest non-trivial order:

(2)

() = ~te(9'?) - / i VK, I (3.9)

32 /g®

The expressions (3.6) and (3.9) represent singular contributions to the bulk metric solu-

1
4

tion. Using the singular contributions to linear order in the J-function we will find the
contributions to the Graham-Witten anomaly. Quadratic and higher order terms in the
d-functions require a regularization producing local counterterms which do not influence
the anomalies.

We find for (3.5) for the case d =4,k =2

VI ey (1)
5 ( )

1 o
(tr 9)2—tx( g + o dT\/g(KZKJ G—a 1 G ) 6D - X (3.10)

universal

where the universal g/ was given in (2.10). Again there was a crucial cancellation, related
to the one observed above, for codim(X) = 2.

Compare (3.10) to (2.35): we have shown that for the simplest bulk and hypersurface
actions, taking into account the back-reaction leads to the same GW anomaly for the total
action (3.1).

The above result has a simple explanation which will allow us to generalize the result
for arbitrary bulk actions. The contributions to the bulk metric specified above once
inserted in the bulk action to linear order in the J-function produce a term localized

on the submanifold. Moreover this term has the same symmetries as the DNG action.
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Therefore we can use the procedure discussed in Section 3.2. The additional Graham -
Witten anomaly is given by an expression analogous to (2.31) the DNG integrand being
replaced by the term of the bulk action specified above. We will need therefore just the
expansion to order 72 (order p? in our gauge) of the integrand in the first term in (3.1).
Remembering that §® does not appear in the expansion we get the following terms (the

curvatures are computed with g(©):

tr((é)z) — (tr (§)>2_ (é)q;j RY + %Rtr g (3.11)
In the expression (3.11) we left out terms in which derivatives act on ¢g. We will discuss
them in the general setting.
Now, using (3.6) in (3.11) it is easy to verify that all the terms linear in §g* vanish without
any need to specify the exact coefficients in d¢g. What is the reason for this vanishing?
As we discussed in Section 3.2 an expression obtained by (2.31) satisfies automatically the
Wess-Zumino condition. Independently of the exact form of the bulk action for dimen-
sional reasons the only expressions which could appear in (3.11) linear in g are Ry,
— the pullback of the Ricci curvature or R — the bulk scalar curvature restricted to the
submanifold. Indeed they do appear in individual terms in (3.11). However once they
are multiplied with the Weyl parameter o it is easy to check that they do not fulfill the
Wess-Zumino condition and therefore they must cancel in the full expression.
Finally we return to the derivative terms left out above. Again by a dimensional argument
verified explicitly for the aforementioned terms these contributions have the form [lo
or K'0;0, restricted to the submanifold. These expressions do satisfy the Wess-Zumino
condition but they are cohomologically trivial being the variations of local expressions as
we discussed in Section 3.2.
In conclusion, for an arbitrary bulk action in d = 5 and an arbitrary three dimensional
DNG action the Graham-Witten anomalies remain unchanged after the back reaction on
the bulk metric is included. This is a consequence of the fact that the Graham-Witten
anomalies classified in section 3.2 cannot originate from the g back reaction term the

only one available in d = 5.
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4. Derivation of the universal type A anomaly coefficient

In [6] it was shown that for any gravitational action (2.1) with has AdSs, 1 as a solution

to the equations of motion, the coefficient a of the unique type A anomaly of dual CFT is

bo

= Sy (4.1)

Gn
where by = f(AdS). In [6] this was derived by looking at a conformally flat metric g
and solving the PBH-transformation equation for b,,. Here we will present an alternative
derivation which uses the ideas of [9]. There it was observed that while the type B Weyl
anomalies have a trivial descent, the unique (in any even dimensions) type A anomaly has a
non-trivial descent.® These features might, in fact, serve as the defining distinction between
the two classes of anomalies, which can also be applied to the hypersurface anomalies
discussed in sect. 3.

We begin with a review of the results of [9]. Define

4P n! i1 g1 inin Ky kol
0{12‘1701:_1 = m@gilkl .. 'gikaG 1J1--- n]n€ 1l1...knln (42)
X Rip+1jp+1k:p_,_1lp+1 o Rinjnknlna[lﬁllag . alp0p+1]
O1 = 019 E2y, (4.3)
with
1 ..

E27’L = 2_n€7'1.71«~7/n.7n€k1l1---knlnRiljlklll e Rin,jnknln (4.4)
the d-dimensional Euler density. The normalization is such that Fs, = R™" +.... O is at
the top of the descent which is

J1edpo1 J1..j
0101 " =9 015 (4.5)
and
0{123:—’_1 — 2n(n!)2\/§0.[1v.71 Og... Vj7LO-n+1] (4.6)

is at the bottom. In deriving (A.5) we need the Weyl variation of the Riemann tensor

R = 20 Rijp + 9ikV;Vio + g ViVio — guViVio — gj1ViVio (4.7)

3 The descent of cohomologically trivial contributions stops after the second step.
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The holographic version of the descent starts with the d+ 1 dimensi @ = v/Gf(R). Under

PBH
510 = 8,(E10) = §,0"

If we define
Ot =gt - gl

we can show, using the group property (2.4)

Hi---Pp H1--fp41
5p+101...p _8Hp+101...p—|—1

Using (2.8) for the p-expansion of O and £° = 20p, &% = %pgég)ﬁja + O(p?) we find

Ofﬂln_ﬁ = 2_n\/§b0 O'[IV«710-2 R VJ#LH]

(4.8)

(4.9)

(4.10)

(4.11)

Comparing this with (A.6) we conclude that the holographic type A Weyl anomaly in

d = 2n dimensions is a,, Es, with a, as in (A.1).
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