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Abstract: We derive a universal upper bound on the weight of the lowest primary operator in any two-dimensional conformal field theory with a
given central charge. Trandated into gravitational language using the AdS/CFT dictionary, our result proves rigoroudly that the lightest massive
state in any theory of 3D gravity and matter with negative cosmological constant can be no heavier than a particular function the cosmological
constant and the Planck scale. For alarge AdS space, the lower bound approaches the mass of the lightest BTZ black hole. The derivation applies at
finite central charge and does not rely on an asymptotic expansion at large central charge, or on any use of semiclassical or bulk physics. Neither
does our proof rely on any special property of the CFT such as supersymmetry or holomorphic factorization. The only assumptions are unitarity,
modular invariance, and a discrete spectrum. Our proof firmly demonstrates for the first time that there exists a universal center-of-mass energy
beyond which atheory of 'pure’ quantum gravity can never consistently be extended.
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Does the landscape of 2D CFT look like this?

Deltz |

One logical possibility is that there is no "sharp” upper bound on

A1, just a random distribution that falls off quickly above
A]_ st CEE.
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Does the landscape of 2D CFT look like this?

Delta |
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One logical possibility is that there is no "sharp” upper bound on

A1, just a random distribution that falls off quickly above
A]_ i C;ZE.
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The landscape of holomorphically factorized 2D CFT looks
like this

¥ I ¥ I ' LI
0 Ly 200 304}

We know for a fact that the landscape of holomorphically
factorized CFT looks something like this. In this case, the red line
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We'll show that the full landscape of 2D CFT looks like
this...

Delta |

Here, the red line lies at A; = =2 + <€
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