


  
 
 *Central European Summer Time (CEST)

Monday 26th

Session 1

•12.30-13.05: Sabine Hossenfelder

Superdeterminism

In this talk I will explain what superdeterminism is, why the objections that have so far been raised to it are 
unjustified, and why it is the most promising way to solve the measurement problem.

•13.05-13.40: Thomas Elze 

Quantum-classical hybrids and ontological cellular automaton models for quantum mechanics

Following the Cellular Automaton Interpretation of Quantum Mechanics, recently proposed by ‘t Hooft, we 
discuss an Ising model that evolves according to deterministic dynamical rules. Admitting small inaccuracies of 
its ‘couplings’ this classical spin chain turns into a genuine quantum many-body system, namely a discretized 
field theory. Considering interaction of two representative chains – namely, a “quantum-classical hybrid” of 
a quantum mechanical object interacting with a classical one - we find that the unavoidable quantum super-
positions destroy such a hybrid, contrary to earlier hopes (see, e.g., references in): Sharply tuned ontological 
cellular automaton models can interact consistently only with one another.

•13.40-14.15: Claus Kiefer 

Decoherence in Quantum Mechanics and Quantum Cosmology 

How does the classical behavior emerge in a world that is fundamentally described by quantum theory? The 
key to the answer is given by a process that was described for the first time in 1970- decoherence. Decoherence 
is the irreversible emergence of classical properties of a quantum system through the unavoidable interaction 
with its environment. In my talk, I give a general introduction into decoherence and present its most important 
theoretical and experimental applications. I discuss the situation in quantum mechanics including the rele-
vance of decoherence for the interpretation of quantum theory. I then turn to quantum cosmology and explain 
how the classical appearance of the metric and matter fields can be understood in a theory of quantum gravity 
where arbitrary metric superpositions can occur. I also address the relevance of decoherence for the origin of 
the arrow of time.



Session 2

•15.15-15.50: Sougato Bose 

Quantum Nature of Gravity in the Lab: Assumptions, Implementation and Applications on the Way 

There is no empirical evidence yet as to “whether” gravity has a quantum mechanical origin.  Motivated by this, 
I will present a feasible idea for testing the quantum origin of the Newtonian interaction based on the simple 
fact that two objects cannot be entangled without a quantum mediator. I will show that despite its weakness, 
gravity can detectably entangle two adjacent micron sized test masses held in quantum superpositions even 
when they are placed far apart enough to keep Casimir-Polder forces at bay.  A prescription for witnessing this 
entanglement through spin correlations is also provided. Further, I clarify the assumptions underpinning the 
above proposal such as our reasonable definition of “classicality”, as well as relativistic causality. We note a few 
ways to address principal practical challenges: Decoherence, Screening EM forces and Inertial noise reduction. 
I will also describe how unprecedented compact sensors for classical gravity (including meter scale sensors for 
low frequency gravitational waves) will arise on the way to the above grand goal.

•15.50-16.25: Vlatko Vedral 

Three different types of tests of the quantum nature of the gravitational field

In my talk I will discuss three possible tests of the quantum nature of gravity, cosmological, astronomical and 
tabletop. Each has its own advantages and disadvantages, and I will go into them as far as the time permits.

•16.25-17.00: Alessio Belenchia 

Quantum Superposition of Massive Objects and the Quantization of Gravity

When a massive quantum body is put into a spatial superposition, it is  of interest to consider the quantum as-
pects of the gravitational field sourced by the body. In this talk, I will discuss a Gedanken experiment where Al-
ice and Bob control masses in quantum superposition. I will  show that the analysis of this experiment does not 
lead to any inconsistency provided the gravitational radiation is quantized and that vacuum fluctuations limit 
the localization of a particle to no better than a Planck length. This provides support for the view that (linear-
ized) gravity should have a quantum field description and that table-top experiments testing entanglement of 
systems interacting via  gravity do probe the quantum nature of gravity, even if no ``gravitons’’ are emitted 
during the experiment.

Session 3
•18.00-18.35: Martin Plenio 

Challenges and Opportunities in Interferometry with Massive Particles

In this talk I will consider some of the challenges that are involved when attempting to conduct interference 
experiments that are aimed at detecting quantum features of gravity. I will then proceed to discuss a new ar-
chitecture that holds the potential for significant signal enhancements.



•18.35-19.10: Caslav Brukner 

Einstein’s equivalence principle for quantum reference frames and non-classical spacetimes

The equivalence principle is at the core of general relativity, stating that all physical laws take their special-rel-
ativistic form in any local inertial frame. However, its formulation implicitly assumes reference frames as 
classical (i.e., constructed from classical rods and clocks), and that the background spacetime is well-defined. 
The questions then arise whether the principle also holds for “quantum reference frames” (QRF) (i.e., when 
quantum systems are taken as reference frames), and in a superposition of classical spacetimes. In my talk, I 
will address both questions by introducing the “quantum local inertial frame” attached to a free-falling quan-
tum system in curved spacetime, or in a superposition of spacetimes. I will then show that from the perspective 
of such a QRF, the metric looks locally flat. Consequently, one cannot distinguish with a local measurement 
whether the spacetime is flat or curved, or whether it is in a superposition of such spacetimes. This result 
extends the equivalence principle to QRFs in a superposition of gravitational fields. The verification of this 
principle could pave the way to lay the conceptual foundations for a future theory of quantum gravity.

•19.10-19.45: Angelo Bassi 

Wavefunction collapse and gravity

Quantum mechanics is grounded on the superposition principle, which is the source both of its tremendous 
success and technological power, as well as of the problems in understanding it. The reasons why superposi-
tions do not propagate from the microscopic to the macroscopic world are unclear, and sourced a long-standing 
intense debate in the community. R. Penrose proposed that gravity causes a progressive breakdown of quan-
tum superpositions when systems become larger and larger. This leads to a modification of the Schrödinger 
dynamics, which can be tested experimentally; deviations are tiny, and require precision measurements. I will 
present the most recent tests, which rule out the idea of gravity induced wave function collapse, as originally 
proposed by Penrose.

•19.45-20.20: Markus Aspelmeyer 

Quantum tests of (quantum) gravity

No experiment today provides evidence that gravity requires a quantum description. Two type of table-top 
searches have been suggested to provide answers: experiments that test low-energy consequences of quantum 
theories of gravity, and experiments that directly probe the phenomenology of superposition states of gravita-
tional source masses (in the spirit of a quantum-Cavendish experiment). The latter requires to bridge the gap 
between two different realms: precision measurements of gravity with microscopic source masses (currently 
10^21 atoms) and quantum state preparations of massive solid state objects (currently 10^9 atoms). I will 
review the current status in the lab and the challenges to be overcome for future experiments.



Tuesday 27th
Session 1

•12.00-12.35: Giovanni Amelino-Camelia

Phenomenology of curvature-induced quantum-gravity effects

I briefly review the present status of the phenomenology of quantum-gravity-induced in-vacuo dispersion and 
then discuss the specific possibility that macroscopic curvature might trigger the in-vacuo-dispersion effects.

•12.35-13.10: Nikolaos Mavromatos
 

Gravitational Anomalies, Dynamical Inflation and Matter-Antimatter Asymmetry in the 
Universe

I discuss a scenario for a (super)string-inspired cosmology, in which primordial gravitational waves (GW), that 
could be formed due, to e.g., non-spherical collapse of domain walls at very early eras of the Universe after 
the Big Bang, induce condensation of gravitational anomaly terms that characterise the cosmological model 
during these early epochs. This leads to inflation of a “running vacuum model (RVM)’’ type, which does not in-
volve external inflatons. During inflation, and as a consequence of the GW-induced condensation, formation of 
a background for the string-model-independent (“gravitational’’) axions, existing in the (super)string ground 
state, takes place, which violates spontaneously Lorentz symmetry. This background corresponds to a constant 
rate of change of the axions, and remains undiluted at the exit from the inflationary phase, leading to Lorentz 
and CPT-violating leptogenesis during the radiation era, in models involving massive right-handed neutrinos. 
The gravitational anomalies are cancelled at the post-inflationary era, due to the generation of chiral matter 
at the exit from inflation. In  the current era, the phenomenology of this stringy RVM is similar to the conven-
tional RVM, and is characterised  by a potential alleviation of data tensions between direct local measurements 
of the Hubble parameter and those based on CMB studies by Planck Collaboration (based on lambdaCDM).

•13.10-13.45: Alfredo Iorio

Hunting quantum gravity with analogs
 

I shall discuss analogs in general, along the lines of Feynman’s approach, and shall point to their weaknesses 
and strengths as indirect probes of high energy scenarios. I shall then focus on the example of Dirac materi-
als, showing how they can be used to reach far in the hunt for quantum gravity.

•13.45-14.20: Salvatore Capozziello 

Non-local Gravity Cosmology

Recently the so-called  Non-Local Gravity acquired a lot of interest as an effective field theory  towards the 
full Quantum Gravity.  In this talk, we sketch its  main features, discussing, in particular, possible infrared ef-
fects  at astrophysical and cosmological scales. In particular, we focus on  general   non-local actions  including 
curvature invariants like the Ricci scalar and the  Gauss-Bonnet topological invariant, in metric formalism, or 
the torsion scalar, in teleparallel formalism. In both cases, characteristic lengths   emerge at cosmological and 
astrophysical  scales.  Furthermore, it  is possible to fix the form of the Lagrangian and to study the cosmolog-
ical evolution considering the existence of Noether symmetries.



Session 2

•15.20-15.55: Victor Bittencourt

Lorentz Boosts, Wigner Rotations and Quantum Correlations: from frame transformations to 
gravity effects   

 
Quantum states of particles are described in the terms of irreducible representations of the Lorentz group. 
This also defines how quantum states are affected by frame transformations, the canonical example being the 
transformation of a state describing a spin 1/2 particle. In this case, the frame transformation can be under-
stood as a momentum-dependent spin rotation given in terms of the so-called Wigner rotation. This particular 
example is relevant when one considers quantum correlations encoded in particle states, a scenario relevant 
both from a fundamental perspective (are quantum correlations Lorentz invariant?) and for applications e.g., 
in quantum information tasks. In this talk, I briefly review the role of Wigner rotations on discussing the ef-
fects of frame transformations on quantum correlations. I will first present a concise review of the workhorse 
framework of relativistic quantum information theory: a pair of spin 1/2 particles under a Lorentz boost. I then 
discuss the extension of this scenario to describe frame transformations of quantum correlations encoded in 
superpositions of Dirac bispinors. The latter belong to an irreducible representation of the complete Lorentz 
group and incorporate two degrees of freedom, spin and chirality. This scenario has some intricate features, 
like the interplay between entanglement shared among the chirality, spin and momentum degrees of freedom 
of the system under Lorentz boosts and their relation to the aforementioned spin 1/2 particles framework. 
Finally, I discuss how the general framework can be further extended to describe effects of gravity on quantum 
correlations, in particular how quantum correlations are sensible to models of extended models of gravity.

•15.55-16.30: Achim Kempf 

Quantum gravity when the notion of distance is replaced by the notion of correlation

Quantum field fluctuations are the more strongly correlated the shorter their spacetime distance. Therefore, 
the notion of spacetime distance can be replaced by the notion of correlation strength. Instead of the usual 
picture, in which the degrees of freedom of spacetime and of matter are considered qualitatively different, 
this suggests a new picture in which all fundamental degrees of freedom are described by the same abstract 
structure, namely multi-point correlators, a picture which is essentially information-theoretic. In the quantum 
gravity regime, these abstract correlators may not possess representations as correlation functions of matter 
fields that live on a curved spacetime. As one approaches the low energy regime, the notions of spacetime and 
of matter emerge when the abstract correlators become approximately representable as correlation functions 
of quantum fields  on a curved spacetime. I discuss a simple solvable model that includes the quantum gravity 
regime.

•16.30-17.05: Barbara Soda 

Acceleration-induced effects in light-matter interaction

New acceleration-induced quantum effects are presented which could possess gravitational counterparts via 
the equivalence principle. The first observation is that stimulation can be applied not only to resonant but also 
to non-resonant transitions. This leads to new phenomena which may be called the stimulated and the cata-
lyzed Unruh effects.  The second observation is that acceleration is impacting not only non-resonant but also 
resonant transitions. This leads to the new phenomenon of acceleration-induced transparency. By combining 
stimulation with acceleration-induced transparency, the observability of the Unruh effect is potentially greatly 
improved.



Session 3

•18.05-18.40: William Unruh 

Frequency interferometry and experimental acceleration radiation

The detection of acceleration radiation by an accelerated detector is more difficult than the detection of Hawk-
ing radiation. This proposal uses a novel frequency space interferometer as a proposal to detect the accelera-
tion radiation in a BEC.

•18.40-19.15: Massimo Blasone 

Neutrino oscillations in Unruh radiation

The study of the decay of an accelerated proton recently provided a theoretical proof of Unruh effect. On the 
basis of general covariance of Quantum Field Theory, indeed, it was found that the decay rates in the inertial 
and comoving frames do coincide only when the thermal nature of the accelerated vacuum is taken into ac-
count. Such an analysis was then extended to the case with mixed neutrinos. Here, we show that, by further 
embedding neutrino oscillations in the above framework, the requirement of general covariance necessarily 
entails the use of flavor neutrinos as asymptotic states, as well as the occurrence of neutrino oscillations in 
Unruh thermal bath.

•19.15-19.50: Steven Carlip 

Spacetime Foam and the Cosmological Constant

I review a radical proposal to address the cosmological constant problem: perhaps Lambda really is large, but 
is “hidden” in Planck-scale fluctuations of geometry and topology. I identify an enormous set of initial data that 
describe a universe with such a hidden cosmological constant at an initial time, and discuss preliminary work 
on a minisuperspace model that may hint at the persistence of such structures over time.

 



Wednesday 28th

Session 1 

•12.00-12.35: Carlos Nunez 

Aspects of Gauge-Strings duality: learning about conformal field theories in diverse dimensions

I will discuss the map between supersymmetric and conformal fields theories in diverse dimensions and 
backgrounds of string theory. Some comments on Integrability of the field theories will be made.

•12.35-13.10: Vaclav Zatloukal 

Real spinors and real Dirac equation

We reexamine the minimal coupling procedure in the Hestenes’ geometric algebra formulation of the Dirac 
equation, where spinors are identified with even elements of the real Clifford algebra of spacetime. With the 
imaginary unit ‘i’ interpreted as a spatial bivector, complex numbers are not needed anymore. We use this for-
mulation to propose a certain non-Abelian generalization of the electromagnetic gauge potential.

  

•13.10-13.45: Leslaw Rachwal 

Quantum Conformal Gravity at One Loop

In this talk I will present novel results about quantum theory of gravity which implements local conformal 
(Weyl) invariance. I will discuss recent developments about one-loop partition function taking into account 
technical developments related to: change of field variables to York ones, proper treatment of zero modes and 
various conformal gauge choices. Moreover, I will analyze the situation on a general Einstein spaces which 
extend the previous considerations restricted to Ricci-flat and maximally symmetric spacetimes. Finally, I will 
show results for running coupling parameters in quantum conformal gravity and also for scale-dependent ef-
fective number of degrees of freedom in this theory.



Session 2

•14.45-15.20: Fabio Scardigli 

Bekenstein bound and uncertainty relations

Bekenstein bound provides a universal limit on the entropy that can be contained in a localized quantum sys-
tem of a given size and total energy. In this talk, we explore unsuspected links between the Bekenstein bound 
and the Heisenberg Uncertainty Principle. We also show how Bekenstein bound is affected when Heisenberg 
uncertainty relation is deformed so as to accommodate  gravitational effects at Planck scale (Generalized Un-
certainty Principle). Physical implications are discussed for both cases of positive and negative values of the 
deformation parameter.

•15.20-15.55: Roberto Casadio 

Quantum black holes and resolution of the singularity

We present a quantum description of black holes as coherent states of gravitons which reproduce the Newto-
nian outer behaviour, with arbitrarily good approximation, but cannot resolve the classical central singularity 
because they do not contain modes of arbitrarily short wavelength. Quantum corrections to the outer potential 
are also estimated, which could result in observable effects for the gravitational collapse of compact objects 
and both astrophysical and microscopic black holes.

•15.55-16.30: Pasquale Bosso
 

Position in models of quantum mechanics with a minimal length

Candidate theories of quantum gravity predict the presence of a minimal measurable length at high energies. 
Such feature is in contrast with the Heisenberg Uncertainty Principle, which does not present any minimal 
length. Therefore, phenomenological approaches to quantum gravity introduced models spelled as modifica-
tions of quantum mechanics including a minimal length. Such models are often described by modifying the 
commutation relation between position and momentum. The effects of such modification are expected to be 
relevant at large energies/small lengths. One first consequence is that position eigenstates are not included in 
such models due to the presence of a minimal uncertainty in position. Furthermore, depending on the partic-
ular modification of the position-momentum commutator, when such models are considered from momentum 
space, the position operator is changed and a measure factor appears to let the position operator be self-ad-
joint. Although such modifications in momentum space represent small complication, at least formally, the 
(quasi-)position representation acquires numerous issues, source of misunderstandings. In fact, such represen-
tation is formally similar to that in which states are described in terms of Gaussian states in standard quantum 
mechanics. Consequently, the position operator is no longer a multiplicative operator and the momentum of a 
free particle does not correspond directly to its wave-number, with a consequent modification of the de Broglie 
relation. In this presentation, I will review such issues, clarifying some of the aspects of minimal length mod-
els, with particular reference to the representation of the position operator. Furthermore, I will show how such 
a (quasi-)position description of quantum mechanical models with a minimal length affects results concerning 
simple systems, resulting in effects not accounted for in the literature.



Session 3

•17.30-18.05: Petr Jizba 

Coherent states for generalized uncertainty relations: new paradigm for Tsallis thermostatistics

In this talk I will discuss coherent states associated to a generalized uncertainty principle (GUP). I will do so for 
both positive and negative deformation parameter \beta and show that the probability distribution associated 
with such states is a Tsallis distribution, whose non-extensivity parameter q is  a monotonic function of \beta. 
Moreover, for \beta <0 (corresponding to q<1) I will reformulate the GUP in terms of one-parameter class of 
Tsallis entropy-power based uncertainty relations, which are again saturated by the GUP coherent states. I will 
argue that this combination of coherent states with Tsallis entropy provides a natural framework allowing to 
discuss GUP in the quasiclassical limit in terms of non-extensive thermostatistics. I will substantiate my point 
by discussing two pertinent examples: generalization of Verlinde’s entropic force and Magueijo-Smolin doubly 
special relativity.

•18.05-18.40: Fabian Wagner 

Gravitationally induced uncertainty relations

I present a formalism which allows for the perturbative derivation of the Extended Uncertainty Principle in 
the non-relativistic limit of the 3+1 splitting. The leading curvature induced correction depends to the Ricci 
scalar of the effective 3-metric and the corresponding covariant derivative of the shift vector. This method can 
be equivalently applied in curved momentum space allowing for a generalised uncertainty principle or curved 
momentum space quantum mechanics.

•18.40-19.15: Saurya Das 

Quantum Raychaudhuri Equation: Implications for spacetime singularities and the quantum 
origin of Lambda

The Raychaudhuri equation predicts the convergence of geodesics and gives rise to the singularity theorems. 
The quantum Raychaudhuri equation (QRE), on the other hand, shows that quantal trajectories, the quantum 
equivalent of the geodesics, do not converge and are not associated with any singularity theorems. Further-
more, the QRE gives rise to the quantum corrected Friedmann equation. The quantum correction is dependent 
on the wavefunction of the perfect fluid whose pressure and density enter the Friedmann equation. We show 
that for a suitable choice of the wavefunction this term can be interpreted as a small positive cosmological 
constant.



Thursday 29th

Session 1 

•12.00-12.35: Mairi Sakellariadou 

Hunting for the stochastic gravitational-wave background: implications for astrophysical and 
high energy physics models

I will first define the SGWB and the method we are using to detect it using ground-based interferometers. I 
will then discuss the SGWB from compact binary coalescences, cosmic strings and first order phase transitions, 
and I will present a search for circularly polarised SGWB. Theoretical predictions will be complemented by 
the most current LIGO/Virgo/KAGRA searches. Given that the SGWB can result by both astrophysical and 
cosmological sources, I will present a method to simultaneously estimate the two contributions. Finally, I will 
compare the latest directional searches against theoretical predictions.

•12.35-13.10: Francesco Di Filippo 

Geodesically Complete Black Holes

While singularities are inevitable in the classical theory of general relativity, it is commonly believed that they 
will not be present when quantum gravity effects are taken into account in a consistent framework. However, 
the lack of proper understanding of the dynamical laws dictating the evolution of spacetime and matter in 
these extreme situations hinders the extraction of predictions in specific models. I will discuss how a purely 
geometric approach serves to formulate and classify in a model-independent manner the different possibilities 
that singularity regularization may open, and stress the observational implications that stem from this analysis.

•13.10-13.45: Ana Alonso-Serrano 

Quantum gravity phenomenology from thermodynamics of spacetime
 
This work is based on the formalism developed in thermodynamics of spacetime to derive Einstein’s equations 
from the proportionality of entropy with the area. When low energy quantum gravity effects are considered, 
an extra logarithmic term in the area is added to the entropy expression. Here, I will present the derivation of 
the quantum modified gravitational dynamics from this modified entropy and discuss its main features. Fur-
thermore, I will outline the application of the modified dynamics to cosmology, suggesting the replacement of 
the Big Bang singularity by a regular bounce.



Session 2

•14.45-15.20: Gerard ‘t Hooft 

Horizons at a quantised black hole

Black holes more than an order of magnitude heavier than the Planck mass can be described in detail by us-
ing only Quantum Field Theory on a curved background, complemented with a unitarity condition for matter 
passing a horizon. This condition appears to be unique, leading to a very special doctrine, giving new hopes 
for finding a systematic treatment of quantum gravity. New theories may include the interaction effects due to 
virtual black hole formation and evaporation, manifesting themselves as gravitational instantons.

•15.20-15.55: Samir Mathur 

What can the information paradox tell us about cosmology?

The fuzzball paradigm resolves the information paradox by showing that black hole microstates are horizon 
sized quantum objects; these `fuzzballs’ have a normal surface and no horizon, so they radiate from their 
surface like normal bodies. Causality requires that virtual fluctuations of these microstates (called ‘vecros’) be 
an important part of the quantum gravitational vacuum. We observe that the dynamics of vecros can induce 
an extra energy in the universe at epochs when pressure in matter drops sharply.  We investigate the role such 
energy can play in inflation, the dark energy today, and the tension in the Hubble constant values noted in 
recent years.

•15.55-16.30: Nava Gaddam 

The black hole eikonal and the information paradox

I will show that quantum gravity admits a remarkable phase (which we call the black hole eikonal, in contrast 
to the flat space eikonal) where gravitational scattering amplitudes capture the physics of black holes which 
can be computed explicitly in effective field theory. For instance, the 2-2 amplitude can be re-summed to all 
loops in M_Pl/M_BH and yields a generalisation of the Dray-’t Hooft shockwave. More generally, I will show 
that there are (exponentially) many (exponentially) small corrections which can all be explicitly calculated. 
These corrections are ignored in Hawking’s free field theory, and suggest a resolution to the information par-
adox.
 
•16.30-17.05: Ahmed Almheiri 

Addressing the information paradox using the gravitational path integral

This talk will be a review of recent results showing that a more careful calculation of the von Neumann entropy 
of Hawking radiation using the gravitational path integral gives different results than Hawking’s original com-
putation. Previously missed gravitational configurations connecting different copies of the black hole space-
time - replica wormholes - are found to be sufficient for generating the Page curve of the Hawking radiation, 
yielding results consistent with unitary black hole evaporation. Emergence of these wormholes signal a subtle 
breakdown in Hawking’s assumed semi-classical approximation precisely when the paradox kicks in, namely 
when the entanglement between the Hawking radiation surpasses the black hole’s Bekenstein-Hawking entro-
py. Surprisingly, these effects lead to a simple new formula applicable to the original semi-classical evaporating 
black hole spacetime. A virtue of these results is that they do not rely on new physics assumed by fiat nor do 
they assume any particular UV completion; the only input is the gravitational path integral.



Session 3

•18.05-18.40: Juan Maldacena 

On string size black holes

We consider Schwarzschild black holes in string theory and revisit the black hole/string transition. We analyze 
black holes with a Schwarzschild radius of order the string scale by using a large dimension approximation. 
We argue that the black hole develops thermal atmosphere of strings that carries an increasing fraction of the 
entropy and mass of the black hole.

•18.40-19.15: Brian Swingle 

The Many Faces of Many-Body Quantum Chaos

Quantum chaos has many manifestations ranging from thermalization and operator growth to random-ma-
trix-like energy levels. In this talk, I will give an overview of these manifestations and the emerging connec-
tions between them. I will particularly focus on black holes as a motivating example, but I will also discuss how 
the ideas apply to more general quantum systems with many degrees of freedom.

•19.15-19.50: Hong Liu 

Quantum information of equilibrated pure states in quantum many-body systems and black 
hole physics

We develop a general  approximation scheme for calculating quantum informational properties of a pure state 
that has equilibrated in a non-integrable quantum many-body system.  For gravity systems, such as those in-
volving black holes, this approximation gives a prescription for calculating entanglement entropies of Hawk-
ing radiations using Euclidean path integrals which is manifestly consistent with unitarity. Applied to recent 
models of evaporating black holes and eternal black holes coupled to baths, it provides a derivation of replica 
wormholes, and elucidates their mathematical and physical origins. The approximation can also be used to de-
rive an entanglement phase diagram for black hole evaporation based on quantum entanglement correlations 
among subsystems of Hawking radiations.



Friday 30th

Session 1

•12.30-13.05: Fedele Lizzi 

Quantum Spacetime, Noncommutative Geometry and Observers

I will describe how a quantum spacetime, described by a noncommutative geometry, requires a rethinking of 
the localization concepts, and of the relative role of observers. I will work with some concrete examples of 
noncommutative geometries with quantum (deformed) symmetries, although the considerations are more 
general.

•13.05-13.40: Gabriele Gionti 

Canonical analysis of Brans-Dicke theory addresses Hamiltonian inequivalence between Jordan 
and Einstein frames

It is fairly well known that the Weyl (conformal) transformations can be interpreted as a rescaling of the units 
of measurement. Therefore the passage from Jordan to Einstein frames should describe the same physics. We 
study the Jordan and Einstein frames under the light of the Hamiltonian formalism. Dirac’s constraint theory 
for Hamiltonian systems is applied to Brans-Dicke theory in the Jordan frame. In both the Jordan and Einstein 
frames, Brans-Dicke theory has four secondary first class constraints and their constraint algebra is closed. We 
show, contrary to what is generally believed, the Weyl (conformal) transformations, between the two frames, 
are not canonical transformations in the sense of the Hamiltonian formalism. We find the true canonical trans-
formations and show that they are not the Weyl (conformal) transformations from the Jordan to the Einstein 
frames. The true canonical transformations are the so called anti-gravity transformations and they are differ-
ent from Weyl (canonical) transformations. As a particular example of this inequivalence, we find that the 
previous considerations hold also for flat FLRW space-time. The Hamiltonian inequivalence between Jordan 
and Einstein frames addresses quantum mechanical inequivalence as well.

•13.40-14.15: Alessia Platania 

Non-perturbative unitarity and fictitious ghosts in quantum gravity

According  to  the  asymptotic-safety  conjecture,  a  (non-perturbatively)  renormalizable quantum field theory 
of gravity could be constructed based on the existence of a non-trivial fixed point  of  the  gravitational  renor-
malization  group  flow.  The  existence  of this  fixed  point  can  be established, e.g., via the non-perturbative 
methods of the functional renormalization group (FRG). In  practice,  the  use  of  the  FRG  methods  requires 
to  work  within  truncations  of  the  gravitational action,  and  higher-derivative  operators  natural-
ly  lead  to  the  presence  of  several  poles  in  the propagator. The question is whether these poles represent 
a real problem for the unitarity of the theory.  In  this  talk  I  will  show  with  explicit  examples  that  the  in-
clusion  of  quantum  effects  at  all scales is of crucial importance to assess unitarity of field theories. In particular, 
poles appearing in truncations  of  the  action  could  correspond  to  fake  degrees  of  freedom  of  the  theo-



ry.  Possible conditions to determine, within truncations, whether a pole represents a fake or a genuine degree 
of freedom of the theory will be discussed.

•14.15-14.50: Alexey Koshelev

Physical propagator in Analytic Infinite Derivative (AID) gravity theories

In my talk I will show the derivation and explain main properties of the physical propagator in AID gravity. 
The corresponding hierarchy of couplings will be shown to be consistent with current observational expecta-
tions.

Session 2

•15.50-16.25: Jorge Zanelli 

Quantum Mechanics as a cosmic censor

Penrose’s Cosmic Censorship conjecture, based on the observation that if black holes had no horizon (naked 
singularity, NS) physics could not be a predictive science. This would be a disaster not only for the job crisis 
it would produce in our profession, but it poses a paradox, because predictivity has not been lost. Logically, 
this implies that naked singularities do not exist. Nevertheless, NSs appear as equally possible mathematical 
solutions in GR. Thus, Penrose conjectured that  there must exist a physical law forbidding NSs. It is not clear 
what law that would be, but there is an indication that quantum mechanics could be the key, at least in 2+1 
dimensions.

•16.25-17.00: ChunJun Cao 

Towards Gravitizing Quantum Mechanics

Conventional approaches of quantization turn well-defined classical systems into quantum mechanical ones. 
In this talk, we approach quantum gravity from the opposite direction --- instead of quantization, we start 
with complex quantum systems, such as quantum error correction codes, then examine how geometry and 
gravity can emerge. In particular, I will construct an approximate quantum error correction code over qubits 
which captures some important aspects of the AdS/CFT correspondence. Although the noiseless version of 
this quantum code is more desirable for quantum computing, quantum noise, which renders the code approxi-
mate, plays a crucial role in coupling the analog of matter to that of gravity. I will then briefly explain how this 
approach can be extended to study systems beyond AdS, e.g., in near-flat backgrounds.

•17.00-17.35: Ashmeet Singh 

Fun with Finite-Dimensional Quantum Theory Informed by Gravity

The cosmological constant problem is plagued by large contributions from the vacuum energy of various 
quantum fields, which in conventional quantum field theory live on infinite-dimensional Hilbert spaces. In 
stark contrast, the finite entropy of black holes suggests that local regions of space are described by finite-di-
mensional factors of Hilbert space. Taking this claim seriously, we will re-examine some basic constructions in 
quantum mechanics through the lens of generalized Clifford algebras, which offer a natural construction to 
think about conjugate variables on finite-dimensional Hilbert spaces. We will then apply this technology to a 
finite-dimensional rendering of a free scalar field as a toy-model, and see how this dramatic depletion of states 
can be relevant to the cosmological constant problem.
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•18.35-19.10: Carlo Rovelli

Using Loop Quantum Gravity for Computing what Happens at the End of Black Hole 
Evaporation

The naive assumption that at the end of its evaporation a black hole just disappears into nothing is not based 
on any actual theory and contradicts several aspects of known physics. A more plausible hypothesis is that a 
quantum gravity tunnelling transition leads back into the classical regime.  This transition can be studied with 
Loop Quantum Gravity and has intriguing phenomenological implications on dark matter and cosmic rays.

•19.10-19.45: Renate Loll 

Ricci Curvature goes Nonperturbative

We know of only very few diffeomorphism-invariant quantum observables that are well-defined at Planckian 
scales and can be used to characterize the physical properties of quantum spacetime. The recently introduced 
quantum Ricci curvature has opened a new window on nonperturbative quantum gravity in this regard. I will 
summarize results so far, which are extremely promising.

•19.45-20.20: Giovanni Acquaviva 

From “Xons” to Black Holes: an emergent picture

We present some general results in an emergent gravity setting.  The bounds on entropy for finite systems 
suggest that 1) the Hilbert space of quantum gravity is locally finite dimensional and 2) both gravity and fields 
emerge from the same underlying degrees of freedom.  In the context of black hole evaporation, this picture 
leads to a modification of the Page curve due to the unavoidable entanglement between spacetime and fields 
occurring at emergent level: we show this through a toy-model of emergent BH evaporation.  Further, we 
present a bottom-up derivation of the Bekenstein bound, obtained here by assuming that the fundamental 
degrees of freedom of QG are fermionic.  Finally, I will comment on some technical aspects to be addressed in 
formulating an emergent framework.


