134 Mockea, MITY um. H.3. baymaHa, 7—10 urona 2025 a.

UDC 538.9

Gravito-Maxwell formalism for unconventional
gravity-superconductors interplay

Gallerati Antonio * antonio.gallerati@polito.it
Ummarino Giovanni *2 giovanni.ummarino@polito.it

1polytechnic of Turin, Turin, Italy

2National Research Nuclear University MEPhI, Moscow, Russia

Abstract. We discuss the possible coupling between a superfluid and the local gravitational
field. After introducing a quantum-gravity theoretical framework to characterize the possi-
ble supercondensate-graviton coupling, we exploit an effective theory for generalized
Maxwell-type fields to analyze some predicted effects originating from the proposed inter-
play.
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Introduction. It is known that linearization of the Einstein equations for a nearly-
flat spacetime metric (weak gravitational field) leads to a set of equations that re-
sembles Maxwell's formalism [1, 2].

From an experimental point of view, it has been shown that generalized electric-
type fields can be induced in (super)conductors by the presence of the Earth’s weak
gravitational field. These observations led to the formal introduction of a modified
electric-type field, characterized by an electrical component and a gravitational one,
determining detectable corrections to the free fall of charged particles [3].

Methods, materials, results. The above remarkable experimental results can
be now combined to the theoretical weak-field gravity formulation, leading to a
more general definition of new generalized electromagnetic fields. The latter fea-
ture a component defined in terms of the weak gravitational perturbations and satis-
fy a specific set of equations that can be put in a form closely analogous to Max-
well's equations [4]. The described framework can be exploited to analyze an
interplay between gravity and supercondensates [5], the new generalized fields be-
ing involved in quantum effects originating from the interaction with the weak
gravitational background, in analogy to what happens for gravity-induced fields in
superconductors [6].

A straightforward application of the weak-field expansion is to consider de-
tectable effects in simple systems like Josephson junctions and SQUID devices.
The generalized fields and potentials, featuring a Maxwell component and
a gravitational contribution, can give rise to local effects in the superconducting
materials due to the presence of the surrounding gravitational field, under suitable
experimental conditions [7].
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The emerging formal symmetry between the Maxwell and weak gravity equa-
tions also allows the use of the Ginzburg — Landau model for the description of
the physics, resulting in a mean-field theory for the system's thermodynamics, in-
cluding the effects of thermal fluctuations [6]. The resulting differential equations
can be used to obtain solutions explicitly describing the backreaction effects of the
supercondensate on the local gravitational field [8-10].

Conclusions. These studies provide a theoretical framework to explore a pos-
sible, unconventional gravity-superconductors interplay. For short time intervals,
the model predicts a slight local gravitational alteration, highlighting the backreac-
tion of the supercondensate on the surrounding gravitational field. It is possible to
show that sample dimensions and chemical composition are crucial to give larger
effects, while it is fundamental to be very close to the critical temperature in order
to increase the time range in which the effect takes place.

References

[1] Misner C.W., Thorne K.S., Wheeler J.A. Gravitation. San Francisco, Freeman and Company,
USA, 1973.

[2] Wald R. General Relativity. Chicago, Chicago Univ. Pr., 1984.

[3] Schiff L.I., Barnhill M.V. Gravitation-induced electric field near a metal. Phys. Rev., 1966,
vol. 151, no. 4, art. no. 1067.

[4] Ummarino G., Gallerati A. Superconductor in a weak static gravitational field. Eur. Phys. J. C
77,2017, no. 8, art. no. 549.

[5] Gallerati A., Modanese G., Ummarino G. Interaction between Macroscopic Quantum Systems
and Gravity. Front. Phys., 2022, vol. 10, art. no. 941858.

[6] Ummarino G., Gallerati A. Exploiting weak field gravity-Maxwell symmetry in superconduc-
tive fluctuations regime”, Symmetry 11, 2019, no. 11, art. no. 1341.

[7] Ummarino G., Gallerati A. Josephson AC effect induced by weak gravitational field. Class.
Quant. Grav., 2020, vol. 37, no. 21, art. no. 217001.

[8] Ummarino G., Gallerati A. Possible alterations of local gravitational field inside a superconduc-
tor. Entropy, 2021, vol. 23, no. 2, art. no. 193.

[9] Ummarino G., Gallerati A. Superconductor in static gravitational, electric and magnetic fields
with vortex lattice. Results Phys., 2021, vol. 30, art. no. 104838.

[10] Ummarino G., Gallerati A. Gravitational effects in a superconducting film struck by a laser
pulse. Eur. Phys. J. C 84, 2024, no. 2, art. no. 179.



