
Gravitation and Quantum Fields 
QUANTUM BLACK HOLES, COSMOLOGY, AND SUPERGRAVITY 

Gravity was once viewed as a kind of innocuous background, 

certainly irrelevant to Quantum Field Theory. Today gravity 

plays a central role. (B. de Witt, 2009) 







QFT in time-dependent backgrounds: early universe, black holes and particle production: 

• Combining QFT with gravity leads to gravitational Particle Creation:

• The generation and amplification of quantum field fluctuations is inevitable during the early

universe (inflation) or the gravitational collapse of black holes .

• It implies that particles, scalar perturbations, and gravitational waves are created out of the

vacuum in the very early universe .

• This constitutes the preferred driving mechanism to explain the generation of cosmic

primordial inhomogeneities, observed now in the CMB and the large scale structure of the

Universe .

• It also implies the quantum radiance of black holes (Hawking effect).

• Particle production by (gravitational) time-dependent backgrounds in fundamental for the

Reheating of the Universe after inflation. It is necessary to recover the Hot Big-Bang and to

explain the origin of all particles in the Universe.



Renormalization and backreaction equations: 

• Gravity introduces new UV divergences in QFT. It is very important to develop efficient

methods to deal with them, renormalize, and produce finite observables .

• We have worked out a consistent extension of the Adiabatic Regularization method for

spin 1/2 fields. Explicit expressions for the renormalized stress-energy tensor for Dirac

fields in expanding universes allow for numerical calculations .

• Due to renormalization, matter fields interacting with a background scalar field (via Yukawa

coupling) requires interactions of the form: x1 </)2 Rand also x2 </JR. This result might be

relevant for Higgs inflation .

• We have produced Einstein backreaction equations, including particle creation and

vacuum polarization effects, to rigorously account for the (non-perturbative) preheating

phase after inflation.



Future perspectives: 

• We will analyze numerically the backreaction equations for reheating. We will particularly look

at observable signatures:

Source of Gravitational Waves, Non-Gaussianities in the Cosmic Microwave Background,

residual vacuum (dark) energy .

• We have shown that the electric-magnetic duality symmetry of the free electromagnetic field

is broken at the quantum level in presence of a background gravitational field, in parallel to

the chiral anomaly for massless Dirac fermions. We have found that

" Jµ n 
R R

a{3µv 
< v µ D >= 24 rr2 a{3µv * 

• This seems to imply gravity distinguishes left-handed from right-handed photons. We will

investigate phenomenological implications of this result in Kerr black holes.



Now it seems that the empirical notions on which the metric determinations of Space are based, the 

concept of a solid body and a light ray, lose their validity in the infinitely small; it is therefore quite 

definitely conceivable that the metric relations of Space in the infinitely small do not conform to the 

hypotheses of geometry; and in fact, one ought to assume this as soon as it permits a simpler way 

of explaining phenomena . . . .

Riemann's dissertation, "On the hypotheses 

which lie at the foundations of geometry" 1854. 



Supergeometry, supersymmetry and supergravity: 

• Born as a way of overcoming no go theorems for unifications, supersymmetry has not yet 
revealed its full power. While many theorists are interested in supersymmetry only for its 
relation to some dynamical theory (String Theory or some phenomenological extension of 
the Standard Model), we look at supersymmetry as inevitable from a consistency point of 
view. According to this idea, supergravity is the natural generalization of GR which Nature 
must show in some regime. The new developments in the non trivial generalization of 
algebraic geometry called supergeometry offer a different and powerful insight into the 
fundamentals of physical theories .

• The most recent work on this subject is 'Superfields, nilpotent superfields and 

superschemes' by M.A. Lled6, where, besides offering a sound interpretation of the 

concept of superfield, some non linear representations of supersymmetry (used in 

supergravity-inspired cosmological models) are linked to superschemes with non regular 

points .

• In this line of work we intend, in the future, to analyze constraints for superfields in 
superspace of higher supersymmetry, where the superfield approach has not been very 
succesful. 





Modified gravity, black holes, and quantum gravity phenomenology (I): 

• Main results so far:

• Modified gravity alternatives to dark matter at galactic and cluster of galaxies scales.

Hybrid metric-Palatini theories introduce new mechanisms to evade local gravity

constraints. Gravitational lensing by galaxies in MONDian scenarios is consistent with

observations if the Einstein equiv. principle holds at such scales .

• Found explicit examples of electromagnetic geons: charged point particles seen as self­

gravitating free electromagnetic fields with wormhole topology. Some of these solutions

are consistent with the notion of black hole remnant. New physics at TeV scale (nonlinear

QED) could bring these objects within the reach of LHC .

• Found that black hole singularities (in arbitrary dimension) are replaced by wormholes

when the space-time geometry is of metric-affine type. Topology seems to be a crucial

element to progress in the understanding of singularities.

• Gravitational waves in metric-affine theories of gravity in cosmology and brane-worlds

depend very weakly on the particular gravity Lagrangian considered. This leads to a strong

degeneracy in the predictions of different models .

• Found that bouncing cosmologies in Born-lnfeld type gravity theories are robust. The fact

that they also remove singularities in black hole scenarios makes these models particularly

interesting to build an improved classical completion of GR at high energies.
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