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• Partition function for AdS gravity  generating functional of CFT correlators. [Gubser, 
Klebanov and Polyakov 1998 ; Witten 1998] 

• In saddle point approximation:  

• AlAdS metric near the boundary admits a FG expansion: 

      ;  

      

• Line element in AlAdS spacetime diverges → AdS gravity action diverges. 

• Finite  + well-defined Dirichlet variational principle → renormalization compatible 
with holography.

≈

IAdS [ϕi] ≈ − ln (⟨e ∫ ϕ0,iOi⟩CFT) = − W [ϕ0,i]
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z
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AdS/CFT holography and FG expansion
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• Consider the theory given by . 

• The odd power coefficients in the FG expansion are zero. 

•   is fixed in terms of  by the EOM.  is not fixed by the EOM. 

• In holography,  is the source and  is the dual operator (CFT stress-tensor). 

• Finiteness and variational principle achieved by Holographic Renormalization 
counterterms [Emparan, Johnson and Myers 1999]: 

    

IEH =
1

16πG ∫ℳ4

d4x |g | (R +
6
ℓ2 )

g(2)ij g(0)ij g(3)ij

g(0)ij g(3)ij

Iren
AdS = IEH +

1
8πG ∫∂ℳ4

d3x |h | (−K +
2
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+
ℓ
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HR of Einstein-AdS gravity in 4D
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• Alternatively, consider adding the topological Gauss-Bonnet term:  

  ;  

• Resulting action has same Einstein EOM but is finite on AdS spaces. Noether-Wald 
charges reproduce conformal mass [Ashtekar and Magnon 1984; Ashtekar and Das 
2000]. Topological Renormalization [Olea 2005]. 

• One can write identically  

    ;  with   

• For pure AdS,  and so .

ITR
EH =

1
16πG ∫ℳ4

d4x |g | (R +
6
ℓ2

+
ℓ2

4
GB) GB =

1
4

δν1⋯ν4
μ1⋯μ4

Rμ1μ2
ν1ν2

Rμ3μ4
ν3ν4

= R2 − 4Rμ
ν Rν

μ + Rλσ
μν Rμν

λσ

ITR
EH =

ℓ2

256πG ∫ d4x |g | δμ1…μ4
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Ων3ν4
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Ωαβ
μν = Rαβ
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1
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δαβ
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EH = 0

Topological Renormalization in 4D
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• TR can be compared to HR by considering the Chern form.  

• Related to the Gauss-Bonnet density through the Euler theorem: 

    ;     

• Up to the Euler characteristic, the Topologically-renormalized Einstein-AdS action is 
given by 

    

∫
ℳ4

d4x |g | GB = 32π2χ (ℳ4) + ∫
∂ℳ4

B3 B3 = − 2d3x |h | δ j1j2 j3
i1i2i3 (Ki1

j1
ℛi2i3

j2 j3
−

2
3

Ki1
j1

Ki2
j2

Ki3
j3 )

ITR
AdS =

1
16πG (∫ℳ4

d4x |g | (R +
6
ℓ2 ) +

ℓ2

4 ∫∂ℳ4

B3)

Topological Renormalization in 4D
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• To show equivalence between HR and TR, consider FG expansion of extrinsic curvature: 

     ;   

• Extrinsic curvature has expansion in terms of intrinsic curvature near AdS boundary. 

• In TR there is no addition of GHY term. Add and subtract in order to compare with HR: 

    

    

• Replace FG expansion of , expand and keep up to normalizable order .

Ki
j =

1
ℓ

δi
j + ℓ𝒮i

j + … 𝒮i
j =

1
2 (ℛi

j −
1
6

ℛδi
j)

ITR
EH = IEH +

1
8πG ∫∂ℳ4

d3x |h | K + ∫∂ℳ4

d3xℒKT,

ℒKT = −
ℓ2

32πG
|h | δ i1i2i3

j1j2 j3
( Kj1

i1
ℛj2 j3

i2i3
−

2
3

Kj1
i1

Kj2
i2

Kj3
i3

+
2
ℓ2

δ j2
i2

δ j3
i3
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) .
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Topological Renormalization in 4D
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• The extrinsic “Kounterterm” becomes purely intrinsic near the AdS boundary: 

 

• After some algebra… 

   , 

• Equivalent up to terms that vanish as z→0. [Olea and Mišković 2009] 

• Resulting action has a well defined Dirichlet variational principle with respect to  at 
the AdS boundary. However, NOT Dirichlet with respect to . 

• Resulting action is also finite. Good for holography.

ℒKT =
ℓ2

32πG
hδ i1i2i3

j1j2 j3 ( 1
ℓ

δ j1
i1

− ℓ𝒮j1
i1) (ℛj2 j3

i2i3
−

2
3 ( 1

ℓ
δ j1

i1
− ℓ𝒮j1

i1) ( 1
ℓ

δ j1
i1

− ℓ𝒮j1
i1) +

2
ℓ2

δ j2
i2

δ j3
i3 ) + …

ℒKT =
1

8πG
h ( 2

ℓ
+

ℓ
2

ℛ) + … . ≃ ℒHR

δg(0)ij
δhij

Topological Renormalization in 4D
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• Topological Renormalization can be obtained from Conformal Gravity [Anastasiou and Olea 
2016]: 

       ;    

• In 4D there is only one local conformal invariant. 

• The EOM of  gives , where  

       ;    

• Einstein spacetimes have  → Solutions of CG. In this case 

      ;    ;    

ICG = CCG ∫ d4x |g | Wαβ
μν Wμν

αβ Wαβ
μν = Rαβ

μν − 4S[α
[μ δβ]

ν]

ICG Bμν = 0

Bμν = − 4 (∇λCμνλ + SλσWμλνσ) Cμνλ = ∇λSμν − ∇νSμλ .

Bμν = 0

Sμ
ν = −

1
2ℓ2

δμ
ν Wαβ

μν = Rαβ
μν +

1
ℓ2

δαβ
μν = Ωαβ

μν ICG [E] =
CCG

4 ∫ d4x |g | δμ1…μ4
ν1…ν4

Ων1ν2
μ1μ2

Ων3ν4
μ3μ4

.

Conformal Renormalization in 4D
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• For , one has  . 

• Action of CG for Einstein-AdS spacetimes = Topological renormalization of Einstein-AdS action. 

• Einstein-AdS spacetimes are solutions of CG and CG action becomes Einstein-AdS action → 
Einstein-AdS gravity can be embedded into CG. 

• Renormalization of Einstein-AdS gravity by embedding it into CG is called Conformal 
renormalization. 

• Imposing Einstein condition on CG can be understood holographically. 

• Define  , such that the Einstein-AdS condition corresponds to . 

• For Conformal Gravity  and  are not fixed. The theory is higher (4th) order. Expand .

CCG =
ℓ2

64πG
ICG [E] = ITR

EH

Hμν = Rμν −
1
4

Rgμν Hμν = 0

g(1)ij g(2)ij Hμν

Einstein-AdS from Conformal Gravity 
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• Expanding  we have: 

 

    

• Einstein condition  understood holographically in terms of Neumann boundary condition 
for the induced metric (i.e. ) [Maldacena 2011 ; Anastasiou, IJA and Olea 
2020].  

• Also   universally, consistent with PBH transformations [Imbimbo, Schwimmer, 
Theisen and Yankielowicz 1999].

Hμν

Hi
j =

z
ℓ3 (gi

(1)j −
1
4

g(1)δi
j) +

z2

ℓ2 ( 1
16ℓ2

g(1)msgms
(1)δ

i
j +

1
16ℓ2

g2
(1)δ

i
j −

1
4ℓ2

gi
(1)jg(1)

−
1

2ℓ2
gm

(1)jg
i
(1)m +

1
ℓ2

gi
(2)j + ℛi

(0)j −
1
4

ℛ(0)δi
j) + 𝒪 (z3) .

Hz
j =

z2

2ℓ2 (D(0)jg(1) − D(0)mgm
(1)j) + 𝒪 (z3); Hz

z = −
z

4ℓ3
g(1) +

z2

ℓ2 ( 5
16ℓ2

g(1)ijg
ij
(1) +

1
16ℓ2

g2
(1) −

1
ℓ2

g(2) −
1
4

ℛ(0)) + 𝒪 (z3)

Hμ
ν = 0

∂zgij(z, x) |z=0 = g(1)ij = 0

g(2)ij = − ℓ2𝒮(0)ij

Holographic Einstein Condition
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• The Weyl-squared action has three pieces:  

• Each piece is . Then, asymptotically the action behaves as 

    

• The on-shell variation is given by [Grumiller et al. 2014] 

    

•  and  are the holographic stress tensor and the partially massless response.  and  
are their respective holographic sources. Dirichlet variational principle for two independent 
sources in the CFT. 

• For ,   holographic stress-tensor for EH.

Wαβ
μν Wμν

αβ = Wij
kmWkm

ij + 4Wiz
jzWjz

iz + 4Wiz
kmWkm

iz .

𝒪 (z4)

∫ d4x |g | Wαβ
μν Wμν

αβ ∼ ∫ d3x∫ dz
|g(0) |

z4
𝒪 (z4) ∼ 𝒪 (z) + finite

δ ICG EOM
= ∫∂ℳ4

d3x |g0 | (τijδg(0)ij + Pijδg(1)ij)
τij Pij g(0)ij g(1)ij

{g(1)ij = 0 , g(2)ij = − ℓ2𝒮(0)ij , tr[g(3)ij] = 0} τij ∝ g(3)ij →

Holographic data of CG
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• In 6D there are three linearly-independent local conformal invariants: 

     ,  ,  

    where  

• There is a unique combination (up to normalization) which admits all Einstein spacetimes as 
solution [Lu, Pang and Pope 2013]: 

     

• The action can be re-written as [Anastasiou, IJA and Olea 2020]:  

    

I1 = WαβμνWαρλνWρ
βμ

λ I2 = WμναβWαβρλWρλ
μν I3 = Wμρσλ (δμ

ν □ + 4Rμ
ν −

6
5

Rδμ
ν ) Wνρσλ + ∇μJμ,

Jμ = 4Rμ
λρ ∇νRνλρ + 3Rνλρ ∇μRνλρ − 5Rνλ ∇μRνλ +

1
2

R∇μR − Rν
μ ∇νR + 2Rνλ ∇νRλμ .

ICG = β∫M6

d6x −G (4I1 + I2 −
1
3

I3) .

ILPP = ∫ℳ6

d6x |g | ℒLPP + ∫∂ℳ6

d5x |h | nμ
̂Jμ .

Renormalized EH from CG in 6D
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• Where 

     

     

•  For Einstein spaces, one has that  

     

     

• Because  , where , one has that for 

 :

ℒLPP = α ( 1
4!

δν1⋯ν6
μ1⋯μ6

Wμ1μ2ν1ν2
Wμ3μ4ν3ν4

Wμ5μ6ν5ν6
+

1
2

δν1⋯ν5
μ1⋯μ5

Wμ1μ2ν1ν2
Wμ3μ4ν3ν4

Sμ5ν5
+ 8CμνλCμνλ),

̂Jμ = α (8WμκλνCκλν − Wκλ
νσ ∇μWκλ

νσ) .

ICG[E] = − 4!α∫M
d6x −G P6(Ω) − α∫∂M

d5x −h nμ (Ωκλ
νσ ∇μΩνσ

κλ),

P6(Ω) = −
1

(4!)2
δν1⋯ν6

μ1⋯μ6
Ωμ1μ2ν1ν2

Ωμ3μ4ν3ν4
Ωμ5μ6ν5ν6

+
1

2(4!)ℓ2
δν1⋯ν4

μ1⋯μ4
Ωμ1μ2ν1ν2

Ωμ3μ4ν3ν4
.

ℓ4P6 (Ω) = R +
20
ℓ2

−
ℓ4

72
ℰ6 ℰ6 =

1
8

δν1⋯ν6
μ1⋯μ6

Rμ1μ2
ν1ν2

Rμ3μ4
ν3ν4

Rμ5μ6
ν5ν6

αEH = −
ℓ4

384πG

Renormalized EH from CG in 6D
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• Matches the Topological Renormalization of Einstein-AdS in 6D [Olea 2005], with extra term 
which cancels remaining divergence when boundary is not conformally flat [Anastasiou, IJA and 
Olea 2020; Anastasiou, IJA, Corral and Olea 2023]. 

• Action obtained from LPP CG and its asymptotic charges are finite. Holographic stress tensor 
matches the Holographic Renormalization result: . 

• One can compare this action to what is obtained from Holographic renormalization: 

     

    

ICG[E]
αEH

=
1

16πG ∫
M

d6x −g (R +
20
ℓ2

−
ℓ4

72
ℰ6 +

ℓ4

48
□ (Ωρλ

μνΩμν
ρλ)) .

τij ∝ g(5)ij

ℒct = −
4
ℓ

−
4ℓ
3

𝒮 +
ℓ3

2
δik

jl 𝒮j
i𝒮

l
k ,

Iren =
1

16πG ∫ℳ6

d6x −g (R +
20
ℓ2 ) +

1
8πG ∫∂ℳ6

d5x −h (K + ℒct) .

Renormalized EH from CG in 6D
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• From the Euler theorem one has 

    where  

    

• Adding and subtracting the GHY term one defines 

    , such that  

    

∫
M6

d6x −gℰ6 = (4π)3 3!χ [M6] + ∫
∂M6

d5xB5

B5 = − 6 −h δ i1⋯i5
j1⋯j5

Kj1i1 ∫
1

0
dt ( 1

2
ℛj2 j3i2i3(h) − t2Kj2i2K

j3i3) ( 1
2

ℛj4 j5i4i5(h) − t2Kj4i5K
j4i5) .

ℒKT = −
ℓ4

144
B5

−h
− K

ITR
EH =

1
16πG ∫ℳ6

d6x −g (R +
20
ℓ2 ) +

1
8πG ∫∂ℳ6

d5x −h (K + ℒKT) .

Renormalized EH from CG in 6D
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• Using the expansion of  as before, one has 

    , such that 

     

•
Considering that  one gets  

• Taking the Einstein condition can be interpreted asymptotically as extended Neumann 
boundary conditions: ,  so that  and .  

• More holographic sources at the boundary. [Anastasiou, IJA and Olea 2020]

Ki
j

ℒKT = −
4
ℓ

−
4ℓ
3

𝒮 +
ℓ3

2 [δ i1i2
j1j2

𝒮j1i1𝒮
j2i2 +

1
12

𝒲mn
ij𝒲ij

mn]
ℒct − ℒKT = −

ℓ3

24
𝒲mn

ij𝒲ij
mn .

∫
M6

d6x −g □ (Ωρλ
μνΩμν

ρλ) = −
4
ℓ ∫

∂M6

d5x −h𝒲mn
ij𝒲ij

mn ICG[E]
αEH

= Iren .

∂zḡij = 0 ∂3
zḡij = 0 g(1)ij = 0 g(3)ij = 0

Renormalized EH from CG in 6D
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• In 8D there are 12 linearly independent local conformal invariants [Boulanger and Erdmenger 
2004]. 

• 7 of them are inequivalent contractions of four Weyl tensors. 

• 3 of them are non-trivial invariants involving explicit covariant derivatives of curvatures. 

• 2 of them are conformal invariants which can be written as divergences of vectors, such that 
they correspond to pure boundary terms. 

• There is a unique combination, up to an arbitrary combination of the two pure-boundary CIs, 
which admits all Einstein spaces as solutions. The BR CG given in [Boulanger and Rovere 2025]:  

     

    

IBR[gμν] = ∫ℳ8

d8x −g (αℒ8 + β∇μJμ
(1) + γ∇μJμ

(2)),

ℒ8 = −
1
4 (I1 −

23
25

I2 −
21
25

I3 − 39I6 +
2
5

I7 −
7
2

I8 +
124
5

I9 +
9

20
I10 − 4I11 −

568
5

I12) .

CG in 8D with Einstein sector
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• Consider the action of 8D Einstein-AdS gravity supplemented by the Euler term: 

    , where  . 

• Action is finite for Einstein-AdS spaces with conformally flat boundary. Divergent in general. 
[Anastasiou, Mišković, Olea and Papadimitriou 2020] 

• To find the divergence structure, consider the identity: 

   , where  

    

• Also consider that for Einstein-AdS spaces .

ITR
EH =

1
16πG ∫

M8

−gd8x (R +
42
ℓ2

+
ℓ6

2880
ℰ8) ℰ8 =

1
16

δν1⋯ν8
μ1⋯μ8

Rμ1μ2
ν1ν2

Rμ3μ4
ν3ν4

Rμ5μ6
ν5ν6

Rμ7μ8
ν7ν8

(R +
42
ℓ2

+
ℓ6

2880
ℰ8) =

ℓ6

80 ( 1
ℓ4

Φ(2) −
1

36ℓ2
Φ(3) +

1
576

Φ(4))
Φ(k) := δμ1⋯μ2k

ν1⋯ν2k
Ωμ1μ2

ν1ν2⋯Ωμ2k−1μ2k
ν2k−1ν2k .

Ωμν
ρλ = Wμν

ρλ

Conformal Renormalization in 8D
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• Bulk Weyl tensor for Einstein manifolds has radial decomposition: 

    

• Considering the FG expansion of the terms: 

   

Wμν
αβWαβ

μν = Wmn
ijWij

mn + 4Wjz
izWiz

jz + 4Wmn
izWiz

mn .

Wjz
iz =

z4

3ℓ2
ℬ(0)j

i + O(z6),

Wjk
iz = −

z3

ℓ2
𝒞(0)jk

i + O(z5),

Wkm
ij =

z2

ℓ2
𝒲(0)km

ij −
z4

ℓ2 [ 2
3

ℬ(0)[k
[iδ j]

m] + 2𝒮(0)n
[i𝒲(0)km

j]n − 𝒮(0)[k
n𝒲(0)m]n

ij + D[i
(0)𝒞(0)km

j]] + O(z6) .

Conformal Renormalization in 8D
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•   Asymptotic behavior of terms in the action: 

    

    

    ;  

• Divergence structure of the action given by Topological Renormalization: 

    

Φ(2)
E

=
4z4

ℓ4
𝒲ij

(0)mn𝒲
mn
(0)ij +

8z6

ℓ4 [𝒮m
(0)n𝒲

js
(0)mi𝒲

ni
(0)js + 2𝒞ijm

(0)𝒞(0)ijm + 𝒲(0)ijmnDn
(0)𝒞

mij
(0)] + O(z8) .

Φ(3)
E

=
z6

ℓ6
δ j1⋯j6

i1⋯i6
𝒲i1i2

(0)j1j2
𝒲i3i4

(0)j3 j4
𝒲i5i6

(0)j5 j6
+ O(z8) .

−g =
ℓ8

z8
−g(0) [1 −

z2

2
𝒮m

(0)m + O(z4)] Φ(4)
E

∼ 𝒪(z8)

Idiv[g(0)ij] =
ℓ6

1280πG ∫∂ℳ8

d7x −g(0) [ 4
3z3

𝒲ij
(0)ms𝒲

ms
(0)ij −

1
2z (δ i1⋯i5

j1⋯j5
𝒲j1j2

(0)i1i2
𝒲j3 j4

(0)i3i4
𝒮j5

(0)i5

+
1

18
δ i1⋯i6

j1⋯j6
𝒲j1j2

(0)i1i2
𝒲j3 j4

(0)i3i4
𝒲j5 j6

(0)i5i6
+ 32𝒞ijm

(0)𝒞(0)ijm)] .

Conformal Renormalization in 8D
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• Analogy with 6D, look for terms to cancel divergences of the form  , , . 

• The asymptotic expansion of these terms is 

     

     

     

     where 

      ;   

     

□2 Φ(2) □ Φ(3)
1
ℓ2

□ Φ(2)

□2 Φ(2)
E

=
576z4

ℓ8
ℐ2 +

z6

ℓ8 [288𝒬2 + 288𝒮m
(0)mℐ2 − 72Dm

(0)D(0)mℐ2] + O(z8),

□ Φ(3)
E

= −
6z6

ℓ8
ℐ3 + O(z8),

□ Φ(2)
E

= −
48z4

ℓ6
ℐ2 +

z6

ℓ6 [4Dm
(0)D(0)mℐ2 − 16𝒮m

(0)mℐ2 − 48𝒬2] + O(z8)

ℐ2 := 𝒲ij
(0)mn𝒲

mn
(0)ij, ℐ3 := δ i1⋯i6

j1⋯j6
𝒲j1j2

(0)i1i2
𝒲j3 j4

(0)i3i4
𝒲j5 j6

(0)i5i6
,

𝒬2 := 𝒮m
(0)n𝒲

jl
(0)mi𝒲

ni
(0)jl − 2𝒞ijm

(0)𝒞(0)ijm + Dn
(0) (𝒲(0)ijmn𝒞mij

(0)) .

Conformal Renormalization in 8D
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• Then, the following action is divergence free and has the same finite (universal) part as the one 
given by Topological Renormalization: 

     

• Action agrees with the result from Holographic Renormalization [Anastasiou, IJA, Boulanger, 
Olea and Rovere 2026]. 

• Now, compare the renormalized action with the BR conformal gravity for Einstein spaces: 

• First, we note that 

Iren[gμν]
E

=
ℓ6

1280πG ∫ℳ8

d8x −g [ 1
ℓ4

Φ(2)
E

−
1

36ℓ2
Φ(3)

E
+

1
576

Φ(4)
E

+
1
72

□2 Φ(2)
E

−
1

216
□ Φ(3)

E
+

1
4ℓ2

□ Φ(2)
E ] .

∫ℳ8

d8x −g ∇μJμ
(i)

E
= 0, i = 1,2.

Conformal Renormalization in 8D
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• The integrated pure boundary conformal invariants vanish for Einstein spaces. 

• They do not contribute to the action. 

• Finally,  for . 

• Renormalized Einstein-AdS gravity action exactly reproduced by BR conformal gravity. 

• Pure boundary conformal invariants do not contribute (therefore are not relevant) for Einstein. 

• Einstein-AdS gravity embedded into conformal gravity.

Iren[gμν]
E

= αEH ∫ℳ8

d8x −g ℒ8 E
αEH = −

ℓ6

504πG
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• Conjecture:  

• There is a unique combination of conformal invariants in even dimensions, up to pure 
boundary conformal invariants, which admits all Einstein-AdS spacetimes as solutions. 

• When evaluated on Einstein manifolds, this combination gives the renormalized Einstein-
AdS action 

• For Einstein-AdS spaces, the integrated pure boundary conformal invariants vanish such 
that they do not contribute to the action and therefore can be omitted. 

• This would amount to Conformal Renormalization in all even dimensions. 

• Evidence in 4, 6 and 8 dimensions. In 6 and 8 it is non-trivial evidence. 

• Applications in codimension-2 for holographic entanglement measures and energy functionals in 
(A)dS/CFT [Anastasiou, IJA and Olea 2022; Anastasiou, IJA, Bueno, Moreno, Olea and Vilar 
Lopez 2024; Anastasiou, IJA, Das and Moreno 2026]. 

Conclusions and outlook
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• For completeness, the invariants are [Rovere and Boulanger 2025]: 

     ;  ;  

     ;  ;  

     

     ; 

I6 = Wαβ
νσWαβγδWγν

ρμWδσρμ . I7 = Wα
ν
γ
σWαβγδWβ

ρ
δ

μWνρσμ . I8 = Wαβ
νσWαβγδWγδ

ρμWνρσμ .

I9 = Wαβγ
νWαβγδWδ

σρμWνρσμ . I10 = WαβγδWαβγδWνρσμWνσρμ . I11 = Wα
ν
γ
σWαβγδWβ

ρ
σ
μWδμνρ .

I12 = Wαγ
νσWαβγδWβ

ρ
ν
μWδμσρ .

Jα
(1) = −

1
5

Wβγδ
σWβγδϵ ∇ρWα

ϵσρ + WαβγδWβ
ϵσρ ∇ρWγδϵσ

−
4
15

WαβγδWβ
ϵ
γ
σ ∇ρWδϵσρ +

8
15

WαβγδWβ
ϵ
γ
σ ∇ρWϵσδρ

+
4
15

WαβγδWβ
ϵ
γ
σ ∇ρWδσϵρ .

Jα
(2) = WαβγδWγ

ϵσρ ∇ρWβϵδσ − WαβγδWβ
ϵσρ ∇ρWγδϵσ

−
2
5

WαβγδWβ
ϵ
γ
σ ∇ρWϵσδρ −

2
5

WαβγδWβ
ϵ
γ
σ ∇ρWδσϵρ .
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I1 = Wργμσ𝒟α𝒟α𝒟β𝒟βWργμσ +
48
25

𝒟βWβ
γμα𝒟α𝒟ρWργμα

+2𝒟αWμβγν𝒟ρ𝒟ρ𝒟αWμβγν +
42
125

𝒟α𝒟βWγαβμ𝒟ν𝒟ρWγνρμ

+
9

10
𝒟γ𝒟γWαμνβ𝒟ρ𝒟ρWαμνβ +

3
5

𝒟α𝒟βWνγμρ𝒟α𝒟βWνγμρ

+
96

125
𝒟α𝒟γWγ

μνβ𝒟α𝒟ρWρμνβ +
74
25

Wβ
αγμWναγμ𝒟ρ𝒟σWβ

ρσ
ν

+
208

5
WμβγαWσ

νρα𝒟β𝒟γWμ
νρ

σ − 8Wα
γ
β

μWα
ν
β

ρ𝒟σ𝒟σWν
γ
ρ

μ

+
16
5

WαγμρWβν
αγ𝒟σ𝒟σWβνμρ −

144
25

Wγ
α

μ
β𝒟ρWργ

ν
μ𝒟σWσ

α
ν
β

+
104

5
Wα

γ
β

μ𝒟αWβ
μ

σν𝒟ρWργσν −
88
25

Wαβγμ𝒟ρWρν
αβ𝒟σWσ

νγμ .
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     defined in [Boulanger 2005].

I2 = Wβ
αγμWναγμ𝒟ρ𝒟σWβ

ρσ
ν + 5WαγμρWβν

αγ𝒟σ𝒟σWβνμρ

+5Wαβγμ𝒟νWαβρσ𝒟νWγμ
ρσ +

12
5

Wαβγμ𝒟ρWρν
αβ𝒟σWσ

νγμ .

I3 = Wβ
αγμWναγμ𝒟ρ𝒟σWβ

ρσ
ν − 20Wα

γ
β

μWα
ν
β

ρ𝒟σ𝒟σWν
γ
ρ

μ

−
48
5

Wγ
α

μ
β𝒟ρWργ

ν
μ𝒟σWσ

α
ν
β − 20Wα

μ
γ
β𝒟νWμ

ρ
β

σ𝒟νWρ
α

σ
γ .

𝒟μ
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