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Introduction: a timelineIntroduction: a timeline
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 Mid '50s: Feynman starts thinking deeply about gravitation.

 1957: Conference on The Role of Gravitation in Physics,
Chapel Hill, North Carolina, January 18-23.



  

 1961: Letter to Wiki Weisskopf, January-February.

 1961: International Conference on the Theory of Weak and
Strong Interactions, La Jolla, June 14-16.

 1962: Conference on Gravitation, Warsaw, July 25-31. 
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 1962-63: Caltech Lectures on Gravitation.

● 1966-67: Hughes Lectures on “Astronomy, 
Astrophysics and Cosmology”, delivered at
Hughes Aircraft Company.

 1972: Feynman wrote a detailed account on his results
in two articles for a volume in honor of John Wheeler's
60th birthday.

 



    According to Feynman, the forces that we observe macroscopically,
and that we dub as fundamental, must emerge from quantum field
theory in the classical limit, and gravity is no exception.
KEY IDEA: gravity behaves as 1/r2 force. It has to be carried by a
massless spin-2 quantum, the graviton. Full general relativity should
follow from the principles of Lorenzt invariant QFT as applied to a
massless spin-2 field and consistency requirements. The graviton
has to couple to anything with energy-momentum, including itself:
the obtained theory is nonlinear. In whole analogy with
electrodynamics, the action is: 
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Gravity as Quantum Field TheoryGravity as Quantum Field Theory



PROBLEM: how to find energy-momentum such as to satisfy 

There is coupling with matter, so the linear theory leads to a
consistency problem. In order to solve the problem one has to 
add to the action a non linear term of third order in h. 



T satisfies the following equation:

How to find the general solution? By finding an expression which is
invariant under the following transformation:

This procedure, sketched at Chapel Hill (1957) and fully developed in the
Caltech Lectures on Gravitation (1962-63), leads (in the classical limit) to
Einstein gravitational field equations.

Feynman approach to gravity would have been pursued also by other
people such as Weinberg and Deser. 



Fighting  with   loops:  theFighting  with   loops:  the
renormalization of gravity renormalization of gravity 
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W. R. Frazer (1961)
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By varying the Lagrangian with respect to h and  he obtains the equations of motion
with a source term:

The first equation is singular, but Feynman worked out the problem by resorting to the
coordinate invariance of general relativity and came up with a description of two bodies
interacting by the exchange of a virtual graviton. But the problem was to obtain high-
order radiative corrections, which required to go beyond tree-level approximation:



By working out one-loop calculations Feynman realized that unitarity gets lost because
some contributions arise from longitudinal polarization states of the graviton, which
don't cancel. Indeed one has to sum the whole set of tree diagrams corresponding to a
definite process in order to guarantee gauge invariance.
But how to get the same result by integrating the closed loop directly? On one
hand, a mass term has to be added to the lagrangian in order to make it non singular
but it breaks gauge invariance; on the other hand a contribution has to be subtracted,
obtained by taking a ghost particle going around the ring and artificially coupled to the
external field. In this way unitarity and gauge invariance would be recovered.
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ConclusionsConclusions

The search for quantum gravity is still open !!The search for quantum gravity is still open !!
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