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PAFT26 - Quantum Frontiers in ... / Registrants Book Ali Akil
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Ali Akil 2
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Title: Black Hole Information From Non-vacuum Localised Quantum States

Abstract: We revisit Hawking's black hole radiation derivation, including the
guantum state of the initial matter forming the black hole. We investigate how
non-vacuum initial quantum states, at the past of a black hole geometry, influence
the black hole radiation observed at future null infinity (CJ+). We further classify
which of the initial state excitations are distinguishable from one another through
measurements on the black hole radiation state. We use Algebraic Quantum Field
Theory (AQFT) to provide a clear physical interpretation of the results, in terms of
localised operations. We then take a concrete example of a black hole made of
one large collapsing excitation of mass M and compare it to a same-mass black
hole formed due to the collapse of two smaller excitations, of mass M/2 each. We
find using our formalism that the two cases yield different radiation states and can
in principle be distinguished. Our results provide a mechanism for partial
information recovery in evaporating black holes, classify what information is
recoverable through stimulated emission, and a concrete understanding of the
classification based on the AQFT localisation.
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Title: Memory of Robinson-Trautman waves

Abstract: The (non-linear) memory effect for Robinson-Trautman waves is
explicitly worked out. In a first step, we construct the combined frame rotation and
coordinate transformation in which Robinson-Trautman waves are manifestly
locally asymptotically flat at future null infinity. This allows us to apply
well-established results on how to derive the memory effect in this context. In a
second step, we construct a suitably improved generalized mass aspect that
provides a local Lyapunov function for the flow in the sense that it is manifestly
positive. News-free solutions are studied in detail and shown to coincide with the
vacuum sector of Euclidean Liouville theory. They can be obtained from a
Schwarzschild black hole by a rescaling and applying a boost inside the BMS4
group at future null infinity. Finally, we show how to take care of the low harmonics
through collective coordinates when evaluating the non-linear memory to second
order in perturbation theory.
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Title: Beyond (curved) momentum space: causality and generalized relative
locality

Abstract: We will introduce a general framework for the study of relative locality in
general phenomenological quantum gravity (PQG) theories. By introducing a split
between an observer-dependent and observer-independent spacetimes, we are
able to show two important results: relative locality can be achieved regardless of
momentum space curvature, and causality can be made manifest for general
theories exhibiting relative locality. Furthermore, spacetime (rather than
momentum space) covers a fundamental role in our construction, allowing it to be
applied to general cosmological models, potentially simplifying both the extraction
of phenomenological consequences, and the study of mathematical properties of
PQG models with relative locality.
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Title: Coexistence of the Spin-2 Ghost and Unitarity in Quadratic Gravity
Abstract: TBC
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Title: Quantum coordinate transformations via matter fields for quantum spacetime

Abstract: A central challenge in quantum gravity is to formulate a theory without
presupposing a background spacetime. Such a description requires relational
observables and a genuinely quantum generalisation of diffeomorphisms. Here we
associate coordinate systems with sets of four dynamical scalar fields, whose
stress-energy tensors contribute to the constraints of linearised quantum gravity.
Such quantum coordinate fields (QCFs) extend the notion of quantum reference
frames and enable a relational description of other physical systems. By
generalising the perspective-neutral construction of quantum reference frames, we
show that relational, gauge invariant observables admit a description in each QCF
perspective, and derive consistent transformations between perspectives. The
resulting unitary maps implement passive or active, local quantum coordinate
changes, yielding quantum linearized diffeomorphisms beyond superpositions of
classical ones. We further discuss the operational aspects of relational
observables, the conceptual distinction between QCFs and quantum reference
frames, and identify the difference between QCFs transformations and the
superposition of classical diffeomorphisms.
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Title: Anomaly Mediate Interactions and Scalar Gravitational Waves
Abstract: TBA
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Title: Testing Quantum Mechanics Underground: Collapse models and Pauli
Exclusion Principle

Abstract: We are experimentally investigating possible departures from the
standard quantum mechanics’ predictions at the Gran Sasso underground
laboratory in Italy. In particular, with radiation detectors we are searching for
signals predicted by the collapse models (spontaneous emission of radiation)
which were proposed to solve the “measurement problem” in quantum physics and
signals coming from a possible violation of the Pauli Exclusion Principle. | shall
present our recent results and future plans for gravity-related collapse studies and
also more generic results on testing CSL (Continuous Spontaneous Localization)
collapse models and discuss future perspectives. | shall as well present the VIP
experiment with which we look for possible violations of the Pauli Exclusion
Principle by searching for “impossible” atomic transitions and the impact of this
research in relation to Quantum Gravity models.
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Title: Doubly Quantum Mechanics

Abstract: Motivated by the expectation that relativistic symmetries might acquire
guantum features in Quantum Gravity, we take the first steps towards a theory of
“Doubly” Quantum Mechanics, a modification of Quantum Mechanics in which the
geometrical configurations of physical systems, measurement apparatuses, and
reference frame transformations are themselves quantized and described by
“geometry” states in a Hilbert space. We develop the formalism for spin-1/2
measurements by promoting the group of spatial rotations SU(2) to the quantum
group SUq(2) and generalizing the axioms of Quantum Theory in a covariant way.
As a consequence of our axioms, probabilities become indefinite: the probability of
obtaining a given result in a spin measurement is promoted to a self-adjoint
positive definite operator acting on the Hilbert space of geometry states, hence
acquiring novel non-classical features. After introducing a suitable class of
semi-classical geometry states, which describe near-to-classical geometrical
configurations of physical systems, we find that probability measurements are
affected, in these configurations, by intrinsic uncertainties stemming from the
guantum properties of SUQ(2). This feature translates into an unavoidable
fuzziness for observers attempting to align their reference frames by exchanging
spin-1/2 particles, even when the number of exchanged spins approaches infinity,
contrary to the standard SU(2) case.
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Title: Scalar field scattering from a Schwarzschild-de Sitter black hole

Abstract: | will discuss the scattering problem for a massless scalar field in a
Schwarzschild-de Sitter geometry. A rigorous application of the method of matched
asymptotic expansions allows us to solve analytically the low-frequency s-wave
dynamics, and connect the scalar’s evolution in the proximity of the black-hole
horizon with that on cosmological scales. The scattering coefficients, greybody
factors, and Wigner time delay are computed explicitly. We consider both small
and large black holes (relative to the cosmological horizon), extending previous
studies confined to the small black-hole regime. In addition, for small black holes
we perform a calculation that remains agnostic about the relative size between the
ratio of the geometry’s horizons and the scalar’s frequency in units of the
black-hole radius. When the two are comparable, we find that the greybody factor
is symmetric under the exchange of the scalar frequency and the cosmological
horizon radius. Based on arxiv:2511.09168 , in collaboration with M. Miranda and
A.P. Porfyriadis.
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Title: The Effective Metric Description: a parametrization for black hole spacetimes
beyond General Relativity

Abstract: | present a model-independent framework to describe static, spherically
symmetric black holes with deviations from classical solutions. The construction,
based on the Effective Metric Description (EMD), parametrizes deformations of
Schwarzschild and Reissner—Nordstrom black holes spacetimes through functions
of a physical invariant, typically the proper distance from the horizon, ensuring
coordinate invariance and preservation of spacetime symmetries. After outlining
the systematic near-horizon analysis and the regularity conditions that guarantee
finite curvature invariants and a well-defined Hawking temperature, | show how
Padé approximants extend the framework to the photon sphere and asymptotic
regions. This allows the computation of observable quantities such as the black
hole shadow and enables model-independent constraints from data. The formalism
is mapped to other common parametrization schemes, providing a unified interface
between quantum-gravity—inspired deformations and phenomenology.
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Title: On the Double Copy at the Lagrangian Level

Abstract: The Double Copy relations allow one to compute (super-)gravitational
scattering amplitudes from (super-)Yang-Mills ones. We try to extend this paradigm
off-shell by attempting the construction of N=1 and N=2 Supergravity Lagrangians
using suitably chosen pairs of (super-)Yang-Mills theories as building blocks. Our
double-copy fields and gauge symmetries are defined as convolution products of
single-copy Yang-Mills fields and gauge parameters. Extending this model to
higher spins allows the latter to be interpreted either as double copies or as
multiple copies.
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Title: A healthier stochastic semiclassical gravity: world without Schrédinger cats

Abstract: Semiclassical gravity couples classical gravity to the quantized matter in
the mean-field approximation, which is problematic for two reasons. It ignores the
guantum fluctuation of matter distribution, and it violates the linearity of the
guantum dynamics. The first problem can be mitigated by allowing stochastic
fluctuations of the geometry, but the second problem lies deep in quantum
foundations. Restoration of quantum linearity requires a conceptual approach to
hybrid classical-quantum coupling. Studies of the measurement problem and the
guantum-classical transition point to a solution. It is based on a postulated
mechanism of spontaneous quantum monitoring plus feedback. This approach
eliminates Schrodinger cat states, takes quantum fluctuations into account, and
restores the linearity of quantum dynamics. Such conceptually "healthier’
semiclassical theory exists in the Newtonian limit, but its relativistic extension hits a
wall. The long-known obstacles lie in quantum foundations.
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Title: Stationarity implies axisymmetry

Abstract: The endpoint of stellar evolution may be a black hole or a compact
object such as a white dwarf or neutron star. In general relativity, stationary black
holes and stationary stellar configurations are known to be axisymmetric, and black
hole rigidity has been shown to persist in several higher-curvature extensions of
the theory. By contrast, no analogous result has previously been established for
stationary stars beyond general relativity. In this talk, we extend the stellar
axisymmetry theorem to a broad class of diffeomorphism-invariant metric theories
of gravity. Assuming asymptotic flatness and standard smoothness conditions, we
show that the Killing symmetry associated with thermodynamic equilibrium in the
stellar interior uniquely extends to the exterior spacetime, enforcing rotational
invariance of the full configuration. Our results demonstrate that axisymmetry of
stationary stellar solutions is not a special property of Einstein gravity, but a
generic feature of generally covariant gravitational theories, robust even in the
presence of higher-curvature corrections.
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Title: An inequality for relativistic local quantum measurements

Abstract: We investigate the trade-off between vacuum insensitivity and sensitivity
to excitations in finite-size detectors, taking measurement locality as a fundamental
constraint. We derive an upper bound on the detectability of vacuum excitation,
given a small but nonzero probability of false positives in the vacuum state. The
result is independent of the specific details of the measurement or the underlying
physical mechanisms of the detector and relies only on the assumption of locality.
Experimental confirmation or violation of the inequality would provide a test of the
axioms of algebraic quantum field theory, offer new insights into the measurement
problem in relativistic quantum physics, and establish a fundamental technological
limit in local particle detection.
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Title: A nonlinear gravitisation of quantum field theory?

Abstract: We develop a relativistically causal generally covariant gravitisation of
guantum field theory. The resulting model is similar to Mgller-Rosenfeld
semiclassical gravity: the classical gravitational field is sourced by the expectation
value of the quantum stress-energy tensor, though now taken with respect to the
local quantum state at each point of spacetime. We derive the weak-field limit
which exhibits the explicitly causal dynamical structure of the theory, and recover
the Schrdodinger-Newton system in the nonrelativistic limit. This model can thus be
understood as a causal completion of the Schrodinger-Newton equation. We then
explore relativistic quantum measurements in this nonlinear setup, showing that
these need not lead to superluminal signalling should quantum states update in the
future light-cone of the measurement region. This aligns with detector-based
guantum measurements in quantum field theory. We show that the discontinuities
in the expectation value of the stress-energy tensor caused by quantum
measurements need not violate the distributional gravitational field equations. We
also highlight that the theory presents non-standard measurements -- namely
readout devices -- from its nonlinearities, which allows one to approximately
determine a quantum state without affecting it through the state's influence on the
classical gravitational field. This allows for quantum state cloning, though in a way
consistent with no-superluminal signaling. If time permits, we will discuss the
black-hole information paradox within this model, and explore some routes towards
the falsifiability of the theory.
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Title: Equatorial prograde lensing by extremal rotating black holes

Abstract: In this talk, we develop a strong-deflection-limit expansion for equatorial
prograde photons around extremal rotating black holes for which the prograde
critical orbit merges with the degenerate horizon. In this regime, the standard
logarithmic strong-deflection expansion breaks down because the usual
factorization of the deflection integral fails: the part assumed to remain regular also
becomes singular at the critical orbit. By re-analyzing the singular structure of the
full integrand, we obtain a consistent asymptotic treatment near the critical radius.
The resulting formalism yields a leading power-law divergence, with a subleading
logarithmic correction, and allows the computation of strong-field lensing
observables. The method is formulated and validated in the equatorial plane for a
Kerr-like class of stationary, axisymmetric black-hole spacetimes, including
extremal Kerr and extensions such as Kerr—Sen. This framework provides a
powerful tool for probing departures from Kerr and testing several modified-gravity
models

Friday, 27 March 2026 Page 16



PAFT26 - Quantum Frontiers in ... / Registrants Book Domenico Frattulillo

. . #18
Domenico Frattulillo 0

Personal Data

Title: Planckian bound on IR/UV mixing from cold-atom interferometry

Abstract: IR/UV mixing (a mechanism causing ultraviolet quantum-gravity effects
to manifest themselves also in a far-infrared regime) is a rare case of feature found
in several approaches to the quantumgravity problem. We here derive the
implications for "soft” IR/UV mixing (corrections to the dispersion relation that are
linear in momentum) of some recent cold-atom-interferometry measurements. For
both signs of the IR/UV-mixing correction term we establish bounds on the
characteristic length scale which reach the Planck-length milestone. Intriguingly,
for values of the characteristic scale of about half the Planck length we find that
IR/UV mixing provides a solution for a puzzling discrepancy between
Cesium-based and Rubidium-based atom-interferometric measurements of the
fine structure constant.
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Title: Phase transition phenomena on the Fuzzy Onion model
Abstract:
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Title: Is the many-worlds interpretation of quantum theory counter-intuitive?

Abstract: The many-worlds (Everett) interpretation of quantum mechanics is very
well adapted for the application to cosmology because it does not require the
existence of an external observer. At the same time it is often considered as being
a "counter-intuitive". Analyzing the problem of the choice of the preferred basis, |
argue that this interpretation is less counter-intuitive and bizarre than many
researchers think.
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Title: Observational signatures of precanonical quantum gravity on macro-scales

Abstract: Precanonical quantum gravity predicts modifications of the Newtonian
potential at large scales from quantum fluctuations of spin connectoin and that
leads to testable in lab settings, solar system, and galaxy rotation curves. We
review pQG and its observational signaturs. Based on EurPhys Lett 150 59002
(2025), Mod Phys Lett A (2025) 2541012, J. Phys.: Conf. Ser. 3017 012031
(2025).
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Title: Quantum Corner Algebra

Abstract: In this talk, | will argue that the universal structure of the corner algebra
offers a new perspective on quantum gravity, in which the representation theory of
this algebra plays a role as fundamental as that of the Poincaré algebra in quantum
field theory. | will discuss the representation theory of the (quantum) universal and
extended corner symmetries in a simplified model of spherically symmetric
spacetimes, where the corner reduces to a point and the algebra correspondingly
simplifies. Furthermore, | will propose a purely algebraic procedure for gluing
regions in the quantum theory, compute the entanglement entropy, and derive the
entropy—area law for a class of specific coherent states.
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Title: Gravity model from (A)dS Yang-Mills theory

Abstract: We investigate the relationship between a one-parameter family of
(anti-)de Sitter Yang-Mills models and a model of Einstein-Palatini gravity with
matter, realized through In6nu-Wigner contraction of the (A)dS algebra. By setting
the group parameter to zero, the gauge transformation of the potential becomes
consistent with the transformation properties of the tetrad form and spin
connection. We show that a sector of the Yang-Mills dynamics exists in which the
equations decouple. Moreover, a subset of the gauge transformations can be
related to diffeomorphisms, leading to the identification of the tetrad field. Finally,
the resulting dynamics is consistent with a gravitational dynamics in the first-order
formalism.

Friday, 27 March 2026 Page 22



PAFT26 - Quantum Frontiers in ... / Registrants Book Oleg Lebedev

#14
Oleg Lebedev 8

Personal Data

Title: Gravitational production of dark matter

Abstract: | discuss the effect of the EFT operators generated by quantum gravity
on the postinflationary production of dark matter. Overproduction of dark relics
leads to significant constraints on such otherwise unconstrained operators.
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Title: The effective topology of quantum spacetime

Abstract: According to long-standing folklore, spacetime at Planckian distances
bears no resemblance to the spacetime of classical general relativity, but instead is
some kind of "quantum foam", due to the strong quantum fluctuations of gravity.
Turning this handwaving concept into physical theory requires a nonperturbative,
guantitative modelling of quantum gravity and spacetime near the Planck scale,
which for a long time was out of reach. The advent of an operational framework for
lattice quantum gravity, based on causal dynamical triangulations (CDT), has
opened the door to such investigations. Inspired by topological data analysis
(TDA), we have developed and tested new observables ("quantum Betti numbers")
that allow us to measure topological features of quantum spacetime, such as those
associated with microscopic wormholes, as a function of scale.
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Title: Imprints of quantum deformed entropy on Primordial Gravitational Waves

Abstract: Both Barrow and Tsallis entropies provide one-parameter
generalizations of the Bekenstein—-Hawking entropy, sharing the same
microcanonical functional form. The corresponding deformation is encoded in a
dimensionless parameter: in the Barrow framework it characterizes the anomalous
dimension induced by quantum-gravitational fluctuations of the horizon surface,
while in the Tsallis formulation it quantifies deviations from the standard extensive
holographic scaling. In this work, we employ the gravity—thermodynamics
correspondence with the Barrow—Tsallis entropy to explore the implications of the
resulting modified Friedmann equations for the background cosmological
dynamics. Focusing on the spectrum of primordial gravitational waves, we show
that the sensitivity of next-generation gravitational-wave detectors can place
stringent bounds on deviations from the $\Lambda$CDM paradigm, constraining
the deformation parameter to very small values. In this regime, the Barrow—Tsallis
entropy effectively reduces to a logarithmic correction to holographic scaling, a
feature that generically arises in UV entanglement entropy calculations and in
several candidate theories of quantum gravity. For this reason, the framework and
the results obtained here are expected to capture rather general features of
possible quantum-gravitational imprints on the early Universe.

Friday, 27 March 2026 Page 25



PAFT26 - Quantum Frontiers in ... / Registrants Book Nikolaos Mavromatos

. #12
Nikolaos Mavromatos 9

Personal Data

Title: How much can gravitons be squeezed?

Abstract: | will discuss the possibility of producing sufficiently large numbers of
squeezed quantum graviton states from superradiant clouds of massive axion-like
fields (ALPS) in the exterior environment of rotating astrophysical black holes. The
so-produced graviton states are polarization entangled multi-mode squeezed
states, and their symmetry structure (when they are expressed in a left-right
polarization basis) depends highly on whether General-Relativity or the
gravitational-anomalous Chern-Simons effects (which are non-trivial in the
presence of a rotating black hole) produce the entanglement. Analogues with
photon squeezing in quantum optics will be presented. | will also discuss in this
context axion cloud phenomenology in current interferometers, using the absence
of observed graviton squeezing so far as a means to impose upper bounds on the
life time of the axionic clouds. Moreover, | will highlight detection prospects of the
entangled multimode squeezed graviton states in future interferometers and their
potential advantages when compared to detection of single-mode squeezed
gravitons. References P.~Dorlis, N.~E.~Mavromatos, S.~Sarkar and
S.~N.~Vlachos, Superradiant Axionic Black-Hole Clouds as Seeds for Graviton
Squeezing,” Phys. Rev. Lett. \textbf{135} (2025) no.15, 151501
doi:10.1103/9crd-zj6l [arXiv:2507.01689 [gr-qc]]. and (long article companion)
P.~Dorlis, N.~E.~Mavromatos, S.~Sarkar and S.~N.~Vlachos, "~"Squeezed
gravitons from superradiant axion fields around rotating black holes," Phys. Rev. D
113, 026023 (2026) [arXiv:2507.23475 [gr-qc]].
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Title: Quantum field theory-inspired cure for black hole singularities

Abstract: This work proposes a systematic exponential cutoff regularization
scheme for static, spherically symmetric black hole solutions in general relativity.
The method explored here offers an alternative to other singularity suppression
mechanisms, such as the coordinate remapping approach of the Simpson-Visser
black-bounce model or the Bardeen- -type metric remapping used by Bronnikov.
The approach introduces exponential factors into the mass function, which
smooths out curvature divergences and, under specific conditions, guarantees
geodesic completeness. This technique allows for the regularization of known
singular spacetimes while preserving their asymptotic structure. We conduct an
analysis of curvature invariants, horizon formation, and thermodynamic properties,
demonstrating that the resulting regularized geometries eliminate singularities
while remaining physically consistent. As practical applications, we regularize the
Schwarzschild black hole and introduce a novel regularized version of the Kiselev
solution. The method thus establishes a unified framework for systematically
generating singularity-free black holes within the context of classical general
relativity. An important feature of the method is that the regular generated solution
satisfies Einstein's field equations for an anisotropic fluid.
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Title: Noncommutative geometry and quantum gravity: the search for possible new
physical effects

Abstract: Noncommutative geometry, as a mathematical framework, naturally
incorporates quantum structures (such as noncommuting observables as in
guantum theory) into the description of spaces (or space-times). This offers a way
to extend the language of general relativity, formulated in terms of Riemannian
geometry, toward settings where quantum and geometric aspects intertwine. In this
context, the possible noncommutative deviations or extensions of quantum theory
and incorporation of gravitational effects at the quantum scale may be explored,
e.g. by the modifications arising in the quantum mechanical phase spaces. These
may be further investigated to identify potential new effects that can be tested
experimentally or used to constrain model parameters. In my talk, | will introduce
various honcommutative generalizations of quantum phase spaces and discuss
their possible effects and influence on physical systems.
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Title: Stochastic gravitational waves in classical gravity

Abstract: The quest for a quantum description of gravity has been long, diverse,
and productive. Yet, despite decades of theoretical progress, there is still no direct
experimental evidence for the quantum nature of spacetime. In this talk, | explore
an alternative, indirect route to probing quantum gravity by assuming the
fundamental classicality of the gravitational field and examining the resulting
observational conflicts. In particular, | will discuss a key consistency
condition—known as the decoherence—diffusion trade-off—that any theory of
fundamentally classical gravity coupled to quantum matter must satisfy. By
analysing a toy model of a linearised classical-quantum (CQ) gravity—matter
system, | will explicitly show how this trade-off implies unavoidable, measurable
effects, such as a fundamental stochastic gravitational-wave background, which
cannot be eliminated by fine-tuning the model parameters.
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Title: Decay of uniformly rotating particles

Abstract: Recent investigations have demonstrated that the proper lifetime of
particles is a quantity that is strictly dependent on their kinematic properties. Under
specific conditions, even stable particles (such as the proton) can undergo decay.
Notably, this phenomenon occurs when the considered motion is non-inertial, as
exemplified by a linearly accelerated trajectory or a uniformly rotating one. Building
upon this observation, it was established that the existence of the Unruh effect is
essential for the decay rates computed in the inertial and comoving frames to
match, in accordance with the principle of general covariance. Following a
comprehensive review of the aforementioned topic, this talk will elucidate how
analogous considerations applied to the case of a stable particle in a uniformly
circular motion do not permit the identification of a counterpart of the Unruh effect
for rotating frames. Specifically, in the comoving frame, the particle undergoes a
decay because the Hamiltonian is unbounded from below, which precludes the
existence of a global ground state and at the same time renders the inertial
vacuum devoid of any thermal or non-thermal nature.
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Title: Doubly special relativistic spacetime picture and the phenomenology of
Planck-scale-modified time dilation

Abstract: The most active area of research in quantum-gravity phenomenology
investigates the possibility of Planck-scale-modified dispersion relations, focusing
mainly on two alternative scenarios: the Lorentz invariance violation (LIV) scenario,
characterized by a specific mechanism of breakdown of relativistic symmetries,
and the “DSR” scenario, which preserves overall relativistic invariance but with
deformed laws of relativistic transformation. Two recent studies of modified
dispersion relations, one relying on Finsler geometry and one based on heuristic
reasoning, raised the possibility of potentially observable effects for time dilation
and argued that this might apply also to the LIV and DSR scenarios. We observe
that the description of Lorentz transformations in the LIV scenario is such that time
dilation cannot be modified. The DSR scenario allows for modifications of time
dilation, and establishing their magnitude required us to obtain novel results on the
effects of finite DSR boosts in the spacetime sector, with results showing in
particular that the modification of time dilation is too small for experimental testing.
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Title: Deformed CPT Symmetry from Curved Momentum Space

Abstract: The asymmetry of curved momentum space in k-deformed field theories
sheds new light on the fate of CPT symmetry in deformed relativistic frameworks
based on Hopf algebras. Based on our recent work (Phys. Rev. D 113 (2026) 2),
we show that charge conjugation is incompatible with k-Poincaré invariance, while
the geometric structure of momentum space naturally suggests a deformation of
time-reversal symmetry leading to a deformed realization of CPT invariance. These
results clarify the role of discrete symmetries in quantum-gravity—inspired models
based on Hopf-algebra deformations and may provide a useful framework for
exploring phenomenological implications related to tests of discrete symmetries.
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Title: Asymptotic Safety in Generalized Proca Theories

Abstract: Generalized Proca Theories are the most general higher-derivative
extensions of a massive vector field that retain second-order equations of motion.
They are phenomenologically interesting as models of dynamical dark energy that,
unlike scalar-tensor theories, can naturally accommodate cosmological
anisotropies. A key open question is whether such theories can be fundamental.
As a first step in this direction, we investigate whether they admit an ultraviolet
completion within a quantum field theory framework, working with a truncation
comprising up to four powers of the Proca field and up to two derivatives. We find a
triplet of non-Gaussian ultraviolet fixed points, that lie very close to one another.
Only one of them features a non-tachyonic Proca mass and could thus serve as a
consistent ultraviolet completion for Generalized Proca Theories. We name it the
Proca fixed point. We discuss its stability and contrast its features with those of the
standard Reuter fixed point of the asymptotic safety scenario for quantum gravity
and matter. In particular, we show that the Gaussian and Reuter fixed points lie on
singular hypersurfaces of the flow of Generalized Proca Theories, yet can act as
guasi-fixed points in certain regimes.
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Title: Modified dispersion relations in fuzzy spaces

Abstract: Noncommutative geometry provides a compelling framework for
encoding possible quantum structures of spacetime. In this talk, | discuss modified
dispersion relations arising in three-dimensional noncommutative models, with
particular emphasis on fuzzy space constructions. After reviewing the general
features of these models, | will comment on their physical implications and possible
phenomenological consequences.
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Title: Classical space from quantum condensates

Abstract: The boson transformation method provides a framework for describing
the formation and dynamics of extended objects in quantum field theory, treating
them as products of vacuum boson condensation. Utilizing this robust tool, we
demonstrate how classical triads and spin connection emerge as classical gauge
fields. This occurs via inhomogeneous Nambu-Goldstone boson condensation
within E(3) invariant spinor models, where symmetry is spontaneously broken into
a discrete subgroup. In this crystal-like vacuum structure, non-trivial torsion and
curvature arise from the formation of dislocations and disclinations, respectively.
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Title: Black hole hair and gravitational waves as a probe for new physics

Abstract: The last 10 years gravitational wave observations have allowed us to
finally probe the strong field, nonlinear dynamics of gravity and have produced
interesting bounds on deviations from General Relativity and the existence of new
light fields. In the same period our theoretical understanding of how such deviation
can arise and get imprinted on waveform have also progressed significantly. 1 will
draw some lesson from this theoretical progress and discuss how it can inform the
way we search of new physics with gravitational waves.
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Title: From Chern-Simons theory to 2D gravity

Abstract: We investigate the dimensional reduction of Chern-Simons theory and
carefully analyzie the reduction procedure on a 3D manifold with boundary. We
demonstrate how the choice of boundary conditions for the gauge fields dictates
the resulting 2D effective theory. We show that different sets of boundary
conditions, corresponding to distinct ways of breaking the asymptotic symmetries,
leading to a family of generalized Schwarzian actions. This framework provides a
unified perspective on the emergence of Schwarzian-like theories from
higher-dimensional bulk physics and highlights the role of boundary conditions in
holographic reductions.
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Title: Atomic Quantum Sensors for High-Frequency Gravitational Wave Searches
Abstract:
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Title: Minimal spacetime resolution without deforming Lorentz invariance

Abstract: It is common lore that introducing a minimal-length scale inevitably
forces a deformation of Lorentz invariance. In this talk | argue that this conclusion
is not generic: if the cutoff constrains a covariant quantity such as spacetime
volume, Lorentz invariance can remain intact. Causal set theory is a discrete
example. At the level of continuum QFT, | show how a Lorentz-covariant cutoff
implements a minimal spacetime volume while preserving Lorentz symmetry. |
explain how a minimal spacetime volume restricts the QFT configuration space,
and discuss first steps toward extending the construction beyond the free theory
and toward interactions.
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Title: Excitations of Spacetime in a Quantized Field

Abstract: We investigate the possibility of a Proper Time Oscillator—the temporal
analog of the quantum harmonic oscillator. Such an oscillator exhibits the same
properties consistent with those of a particle in both quantum theory and general
relativity. First, we find that spacetime can be quantized at a distance scale much
larger than Planck. The quanta of this spacetime excitation field are proper-time
oscillators. The field is characterized as bosonic, and each proper time oscillator
possesses the properties of a boson. We further extends our results for a fermionic
field. Next, we examine the spacetime geometry outside a stationary proper time
oscillator, treating it as a classical object (i.e., neglecting quantum effects). The
resulting geometry is Schwarzschild, corresponding to a rest mass in general
relativity. Together, these results indicate that a particle's intrinsic proper-time
oscillation provides the means for direct spacetime interaction and the generation
of a gravitational field, assuming the particle is an excitation of its quantum field
and the underlying spacetime. We also explore how such oscillations might affect
neutrino arrival-time measurements. Our analysis indicates that spatial oscillations
of a 1-TeV neutrino may not be entirely beyond observational reach in a laboratory,
offering a potential signature of time-based fluctuations. References [1] Yau, H. Y.:
Quantized field with excitations of spacetime. Sci Rep 15, 30844 (2025) [2] Yau, H.
Y.: Matter, spacetime and proper time oscillator. To appear in (2024) Marcel
Grossman Conference Proceeding [3] Yau, H. Y.: Proper time operator and its
uncertainty relation. J. Phys, Commun. 105001 (2021) [4] Yau, H. Y.:
Schwarzschild field of a proper time oscillator. Symmetry 12(2), 312 (2020) [5]
Yau, H. Y.: Self-adjoint time operator in a quantum field. J. Quant. Info. 1941016
(2020)
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Title: Test of QGR with strongly lensed astronomical masers

Abstract: Difficulties of various approaches to quantization of gravity may herald
that rather than being a fundamental model, Einstein-Hilbert action is an effective
formulation applicable only in the classical limit. In particular, like other
fundamental interactions quantum mediator of gravity may be a spin-1 field rather
than spin-2. In this talk after a brief review of such models, in particular a new
model called SU(infinity)-QGR, | propose an astronomical experiment for testing
guantumness of gravity. Strongly lensed astronomical masers can be used as
sources quantum coherent photons affected by gravitational interaction with the
lens. Due to the different optical path of photons and thereby their interaction with
lens, separate images of maser should have different quantum coherence of
images. Observation of the maser's host galaxy in multiple bands facilitates
modeling of the lens and estimation of non-gravitational sources of decoherence,
such as scattering by gas surrounding the lens. Based on arXiv:2402.18237
(Academia Quantum, 2 (2025) 1) and work in preparation
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