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Problem: missing theory of quantum gravity

As of now, there are two incredibly successful theories which de-
scribe different physics in completely different regimes of validity:

I Standard Model of Particle Physics (SM)
A relativistic quantum theory unifying three out of the four fun-
damental forces (electromagnetism, strong and weak nuclear
force) describing interactions of elementary particles at micro-
scopic scales (e.g. particle collisions studied at CERN).

I General Theory of Relativity (GR)
Describes the gravitational force on macroscopic scales (e.g.
movement of satellites, planets, stars, black holes).

However, there is still an unresolved problem: we don’t have a
consistent theory of quantum gravity, i.e. it is not known how to
unify gravity with quantum mechanics. At the moment, the most
promising candidate for such a theory is string theory.

Holographic principle (AdS/CFT correspondence)

The AdS/CFT correspondence is a conjectured duality/equality be-
tween two very different theories:

I a d dimensional ’particle theory’ with no gravity

I a d + 1 dimensional string theory with gravity

[1]

Simplest example: N = 4 SYM

The best-studied example of the holographic principle is the follow-
ing correspondence between two mathematical frameworks [2]:

I a 4 dimensional supersymmetric theory called ’N = 4 super
Yang-Mills’ (SYM), which is a more symmetric version of the
theory describing the strong nuclear force. Thanks to maximal
supersymmetry (i.e. all of the particles in this theory are re-
organised into one object called ’supermultiplet’) this toy-model
enjoys many special features which simplify the computations.

I its 5 dimensional holographic counterpart is type IIB super-
string theory on AdS5×S5, containing supergravity in 5 dimen-
sions as its low-energy theory.

In a special limit of this duality (at strong coupling and at large N ),
the superstring theory reduces to supergravity and one can com-
pute quantum corrections to supergravity by studying SYM theory.

My research: computing ’masses’ of bound supergravity states

Using the AdS/CFT correspondence we can make predictions about quantum corrections to supergravity on AdS5×S5 by mapping
the problem to a computation inN = 4 SYM. Concretely, we study 4-point correlation functions (which can be thought of as the probability
for a 2→ 2 particle scattering process) of gravitons and its Kaluza-Klein modes (denoted by Op, p ≥ 2) in a 1/N expansion:
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Making use of the superconformal symmetry ofN = 4 SYM (one of the special features of this theory), we can apply the operator product
expansion and analyse the spectrum of exchanged operatorsO∆,`, which turn out to be double-trace operators only. In the gravity theory,
this corresponds to gravitationally bound states and we can compute their mass and binding energy.

Results and future applications

The exchanged operators can be unprotected and are of the form

Opq = Op∂`�
1
2(τ−p−q)Oq.

The first correction to the mass mpq (or to be precise, the scaling
dimensions ∆pq) of these bound states can be computed to be [3]
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where

M
(4)
t ≡ (t− 1)(t + a)(t + a + b + 1)(t + 2a + b + 2).

As expected, the first correction is negative, justifying the interpre-
tation of gravitationally bound states.
In the future, it would be interesting to apply our methods to differ-
ent theories and maybe at some point make predictions for more
realistic theories with less supersymmetry.
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