A predictive theory of
quantum gravity from fake particles

Damiano Anselmi
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For example, the Stelle theory of higher-derivative gravity is described by the action
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quantized as usual (which means with the Feynman prescription)

It has propagators of the form
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So its S matrix is not unitary and its Hamiltonian is not bounded from below

We need SOM")&‘“@ radic oA/
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PROTECTION
Zpne(J) = f[dsodx] exp (is(so,x) H’/M) = exp (iWp(J))

NO SOURCE 3, FOorR X

Projection = integrating out the fakeons@th the fakeon prescripti@

At the level of generating functionals: F (SO ] X)
(P = Yltj“\cak &\JLO)\S X—’— q[;l/(@ms
Solve 5F (90, X) /(5X — O by means of the fakeon prescription

Let (?(> denote the solution

Projected functionals:
| Ipe(0) = L', (X))
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CAN THE VIOLATION RE AMPLIFIED !

The violation of microcausality predicted by quantum gravity is short range
(Anselmi and Marino, arXiv:1909.12873)
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No other approach to quantum gravity is as close to the standard model as the

- It is a quantum field theory

- It admits a perturbative expansion in terms of Feynman diagrams
- It allows us to make calculations with an effort comparable to the one of the SM
- It can be coupled to the standard model straightforwardly
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solution based on the fakeon idea

. . Hawking, Hertog, "Livi ith ghosts",
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- Itis as fundamental as the standard model (NO "living with ghosts”, thanks!)
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Every diagram, when multiplied by the appropriate source functions and integrated over all
x contributes to the S-matrix. The contribution to the T-matrix, defined by

S=1+1iT (6.7)
is obtained by multiplying by a factor -i. Unitarity of the S-matrix implies an equation
for the imaginary part of the so defined T matrix

T-T =il'T. (6.8)

The T-matrix, or rather the diagrams, are also constrained by the requirement of causality.
As yet nobody has found a definition of causality that corresponds directly to the intuitive|

notions; instead formulations have been proposed involving the off-mass-shell Green's

S~

functions. We will employ the causality requirement in the form proposed by Bogoliubov that
has at least some intuitive appeal and is most suitable in connection with a diagrammatic
analysis. Roughly speaking Bogoliubov's condition can be put as follows: if a space-time

point x; is in the future with respect to some other space-time point X», then the diagrams
involving x; and X, can be rewritten in terms of functions that involve positive energy
flow from x, to x; only.

pointed with relativistic wave packets corresponding to particles on mass-shell. Therefore

The trouble with this definition is that space-time points cannot be accurately pin- '\ :f’

this definition cannot be formulated as an S-matrix constraint. It can only be used for
the Green's functions.

Other definitions refer to the properties of the fields. In particular there is the
proposal of Lehmann, Symanzik and Zimmermann that the fields commute outside the light cone.

Defining fields in terms of diagrams, this definition can be shown to reduce to Bogoliubov's
definition. The formulation of Bogoliubov causality in terms of cutting rules for diagrams

will be given in Section 6.4.
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The fields of the standard model and quantum gravity could explain everything we know
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Cross-section (pb)
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