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√
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I = 1
16πG

∫
d3x

√
g(R − 2Λ) = SCS(AL)− SCS(AR)

where,

SCS(A) = k
4π

∫
M3D

tr(AdA + 2
3 A3)

Gauge anomaly
With the gauge transformation

A −→ A + δA
δSCS(A) = k

4π

∫
∂M3D

tr(δAA)

Gravitational anomaly
Choosing cR ̸= cL accounted for with

SCS(Γ) = cR−cL
96π

∫
∂M3D

tr(ΓdΓ + 2
3 Γ3)

With an infintesimal diffeomorphism

Γ −→ Γ + δΓ
∂µTµν = cR−cL

96π gναϵµρ∂β∂µΓβ
αρ
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Anomaly cancellation

Strings at the boundary
Similarly to polyakov action

SPL =
∫

∂AdS3

d2ξ
√
| − h|hαβGAB∂αXA∂βXB +∫

∂AdS3

iBABεαβ∂αXA∂βXB + (1)∫
∂AdS3

d2ξ
√
| − h|hαβ∂αΦ∂βΦ +

√
−|h|ΦR

One can define

Sstring = SL
wzw (gL) + SR

wzw (gR) + S grav
wzw (β) (2)

R. Sammani,, Y. Boujakhrout,, E.H Saidi,R. Ahl Laamara,, L.B Drissi On the finiteness of topological gravity Landscape 27 / 32



Identifying the problem
The Swampland Program

The BNMM conjecture
BNMM in 3D

Comments

AdS3 Landscape
Boundary anomalies

Constraint computation

R. Sammani,, Y. Boujakhrout,, E.H Saidi,R. Ahl Laamara,, L.B Drissi On the finiteness of topological gravity Landscape 28 / 32



Identifying the problem
The Swampland Program

The BNMM conjecture
BNMM in 3D

Comments

AdS3 Landscape
Boundary anomalies

Constraint computation

For the SL(N,R) case,
k(N2−1)

hV+k ≤ cL =⇒ N ≤ cL + 1

For the rest of the Landscape theories:

Giving therefore
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The conjecture provide a bound not only on the number of
massless fields but also on the highest spin allowed

s ≤ N ≤ f (cL)

The conjecture is equivalent to the gravitational exclusion
principle (GEP) derived from a BTZ black hole
consideration =⇒ A 4D version of GEP might be the key
to test the conjecture in 4D.
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