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Giovanni Amelino-Camelia (University of Naples, Italy) 

Title: Recent developments in quantum gravity phenomenology 

The use of signals from distant astrophysical sources as probes of a possible quantum structure of 

spacetime has been practiced now for nearly two decades, and I offer a perspective on what has been 

accomplished so far, also highlighting some recent results which could strongly affect the future 

development of this research area. 

 

 

Julian Barbour (University of Oxford, UK) 

Title: Time Symmetry and Quantum Gravity at the Big Bang 

There exist time-symmetric solutions of Einstein's classical equations in which the big bang lies at a 

two-sided Janus point on either side of which the growth of order determines the direction of 

experienced time. The proof of this result, due to Koslowski, Mercati and Sloan, relies on the fact 

that scale and time are not directly observable for observers within the universe and it is only shape 

degrees of freedom which are physical. Unlike the time and scale, the shape degrees of freedom pass 

smoothly through the big bang apart from an inversion of spatial orientation that internal observers 

cannot register. Moreover, the equations that govern the shape degrees of freedom become simpler 

at the big bang. This suggests the need for a revision of widely held views about the likely role of 

quantum effects at the big bang. 

 

 

Caslav Brukner (University of Vienna and IQOQI Vienna, Austria) 

Title: Time reference frames and indefinite causal order 

The standard formulation of quantum theory relies on a fixed space-time metric determining the 

localisation and causal order of events. In general relativity, the metric is influenced by matter, and it 

is expected to become indefinite in the presence of gravitating quantum systems. I will introduce 

“time reference frames” according to which events are defined operationally in terms of quantum 

operations with respect to a quantum clock. I will show that, when clocks and quantum systems 

interact gravitationally, the temporal localisability of events becomes relative, depending on the time 

reference frame. The impossibility to find a reference frame in which all events are localised is a 

signature of an indefinite metric, which might yield an indefinite causal order of events. Even if the 

metric is indefinite, for any event one can find a time reference frame with respect to which the event 

is localised in time, while other events may remain delocalised. In this frame, time evolution takes its 

standard (Schrödinger) form. This form is preserved when moving from the frame localising one 

event to the frame localising another one, thereby implementing a form of covariance with respect to 

quantum reference frame transformations. 

 

 

 

 

 



Thibaut Demaerel (KU Leuven, Belgium) 

Title: Cosmic acceleration from quantum Friedmann equations 

We consider a simplified model of quantum gravity using a mini-superspace description of an 

isotropic and homogeneous universe with dust. We derive the corresponding Friedmann equations 

for the scale factor, which now contain a dependence on the wave function. We identify wave 

functions for which the quantum effects lead to a period of accelerated expansion that is in agreement 

with the apparent evolution of our universe, without introducing a cosmological constant. 

 

 

Lajos Diosi (Wigner Research Centre for Physics, Hungary) 

Title: Spontaneous Wave Function Collapse with Frame Dragging and Induced Gravity 

I impose the Newtonian criteria of inertial frames on the c.o.m. trajectories of massive objects 

undergoing spontaneous collapse of their wave function. The corresponding modification of the so 

far used stochastic Schrödinger equation eliminates the Brownian motion of the c.o.m., restores the 

exact inertial motion for free masses. For the collapse of Schrödinger cat states the Born rule is 

satisfied invariably. The proposed machinery comes from the radical assumption that, in the vicinity 

of the spontaneously localized mass, the stochastic fluctuations of the c.o.m. ---inevitable in the 

collapse process--- would drag the physical inertial frame with themselves. The perspective of a 

general theory is presented where the spontaneous-collapse-caused breakdown of local energy-

momentum conservation could be remedied by altering the metric, resulting in collapse-induced 

curvature of the space-time. 

 

 

Sandro Donadi (Frankfurt Institute for Advanced Studies – FIAS) 

Title: Collapse models under X-ray 

Collapse models are phenomenological models that solve the measurement problem by modifying 

the Schrödinger equation, introducing a classical noise which is responsible for the collapse. The 

collapse is not the only effect of this noise, which also “kicks” particles, resulting in a Brownian-like 

motion. This motion induces diffusion and, for charged particles like electrons and protons, emission 

of electromagnetic radiation not predicted by standard quantum mechanics. This can be used for 

testing the models. 

Here we discuss the radiation emission for the CSL model and the gravity-related Diósi-Penrose 

model. The theoretical results are compared with data from experiments performed at the extremely 

low background environment of the Gran Sasso underground National Laboratory. The results set 

new stronger bounds on collapse models parameters.  

 

 

Claus Kiefer (Institute for Theoretical Physics Cologne, Germany) 

Title: Quantum-gravitational effects in cosmology 

I address the question whether quantum effects of gravity can be seen in cosmological observations. 

After a brief general introduction, I discuss the linear approximation of quantum gravity and the 

formalism of quantum geometrodynamics. I explain the scheme of semiclassical expansion and 

present precise predictions for quantum-gravitational effects in the Cosmic Microwave Background 

(CMB). I conclude with a brief outlook on possible future observations. 

 

 

 

 

 

 

 



Adrian Kent (DAMPT, Cambridge) 

Title: Quantum reality via late-time photodetection 

 

I describe new postulates for realist versions of relativistic quantum theory and quantum field theory 

in Minkowski space and other background spacetimes. According to these postulates, quantum theory 

is supplemented by local variables that depend on possible outcomes of hypothetical measurements 

on the late-time electromagnetic field in spacelike separated regions. I illustrate the implications in 

simple examples by using photon wave mechanics, discuss possible extensions to quantum field 

theory, and review recent related work. 

 

 

Claus Kiefer (Institute for Theoretical Physics Cologne, Germany) 

Title: Quantum-gravitational effects in cosmology 

I address the question whether quantum effects of gravity can be seen in cosmological observations. 

After a brief general introduction, I discuss the linear approximation of quantum gravity and the 

formalism of quantum geometrodynamics. I explain the scheme of semiclassical expansion and 

present precise predictions for quantum-gravitational effects in the Cosmic Microwave Background 

(CMB). I conclude with a brief outlook on possible future observations. 

 

 

Tim Koslowski  (University Würzburg, Germany) 

Title: Shape Dynamics from Quantum Theory and Back 

 

The Shape Dynamics description of physical laws consists of the manifest implementation of the fact 

that all physical laws describe relations between actual physical quantities. At the classical level one 

can achieve such a description by describing the physical law as an equation of state of the geometry 

of the curve in relational configuration space (so-called shape space). Such a relational description 

does however not exist for the straightforward quantization of a Hamiltonian description of the curve 

on shape space because these equations retain a parametrization dependence that cannot be removed 

in the same way as in the classical description. However, Bohemian curves on shape space admit a 

manifestly reparametrization invariant description while at the same time allowing for all the structure 

that is necessary to recover the shape dynamics descriptinon as a semiclassical limit. I will first 

discuss this way of obtaining shape dynamics from a Bohmian model on shape space, thereafter I will 

pick up on Julian Barnbour's Janus point conjecture and argue that the Janus point may have strong 

implications for the "experience" of small subsystems in a shape dynamics universe. The derivation 

of predictions based on these "experiecnes" leads to structures very similar to the ones encountered 

in Bohmian mechanics.  

 

 

Jean-Luc Lehners (Max-Planck-Institute for Gravitational Physics, Potsdam, Germany) 

Title: Path integrals and initial conditions for the universe 

A big open question in cosmology is to understand the initial conditions of our universe. It remains 

unclear to what extent consistency requirements stemming from quantum gravity will fix these 

conditions, and to what extent additional input from a separate theory of initial conditions will be 

required. Most such additional theories have been formulated in the context of the path integral 

approach to gravity, since it allows for a clear specification of boundary conditions. I will review 

progress in evaluating gravitational path integrals, and the implications for the well-known no-

boundary and tunnelling proposals. 

 

 

 



Stefano Liberati (SISSA Trieste, Italy) 

Title: Three small lessons from Analogue Gravity 

Analogue Gravity (AG) is close to entering in its fourth decade of exploration and one can say that 

many results were obtained since the 1981 seminal paper by Bill Unruh. While the field is now driven 

mainly by its experimental side, we shall argue that AG can still serve as a fruitful test field for the 

possible implications of an emergent gravity framework. In particular, we shall explore its lessons 

for what regards the robustness and compatibility with unitarity of the black hole evaporation as well 

as for the nature and origin of the cosmological constant. 

 

 

Christian Maes (KU Leuven, Belgium) 

Title: A possible nonequilibrium imprint in the cosmic background at low frequencies 

The cosmic background radiation has been observed to deviate from the Planck law expected from a 

blackbody at ~ 2.7 K at frequencies below ~ 3 GHz. We discuss the abundance of the low-energy 

photons from the perspective of nonequilibrium statistical mechanics. We propose a modification of 

the Kompaneets equation in which the ever-present low-frequency localization is combined with 

photon cooling. We conjecture that the latter is a consequence of frequency-diffusion induced by the 

turbulent primordial plasma. We show compatibility of the obtained frequency distribution with the 

best data around. In that sense, the so called space roar we observe today is interpreted as a 

nonequilibrium echo of the early universe. 

 

 

Jerome Martin (Institut d'astrophysique de Paris, France) 

Title: A cosmic shadow on CSL 

The Continuous Spontaneous Localisation (CSL) model solves the measurement problem of standard 

quantum mechanics, by coupling the mass density of a quantum system to a white-noise field. Since 

the mass density is not uniquely defined in general relativity, this model is ambiguous when applied 

to cosmology. We however show that almost all well-motivated choices of the density contrast 

already make current measurements of the cosmic microwave background incompatible with other 

laboratory experiments. 

 

 

Mercedes Martin-Benito (Computense University of Madrid, Spain) 

Title: Hybrid Loop Quantum Cosmology: from its mathematical foundations to observations 

Hybrid Loop Quantum Cosmology is a quantum approach suitable to study the physics of the early 

Universe prior to inflation. It combines loop techniques applied to the global degrees of freedom of 

the geometry with Fock quantization for the inhomogeneities, leading to a framework appropriate to 

derive possible quantum gravity effects in cosmological observables. In this talk I will review the 

mathematical construction of this framework and how we can use it to extract physical predictions. 

Daniele Oriti (Arnold Sommerfeld Center for Theoretical Physics, LMU, Germany) 

Title: Cosmology as quantum gravity hydrodynamics and the fate of cosmological 

singularities 

We argue that cosmology should be understood as the hydrodynamic regime of a fundamental 

quantum gravity theory, since in this regime spacetime emerges from non-spatiotemporal quantum 

gravity structures. We discuss some conceptual and physical implications of this scenario, within a 

concrete realisation of it (group field theory condensate cosmology). In particular, we illustrate both 

recent results and expectations concerning the fate of cosmological singularities in this context. 

 

 

 



Patrick Peter (Institut d'astrophysique de Paris, France) 

Title: Quantum Empty Bianchi I with Internal Time 

In a simple model (FLRW or Bianchi I minisuperspace and Wheeler De Witt), I discuss how the 

singularity can be avoided by defining quantum trajectories. This permits to classify clocks and could 

thus be related to the issue of time. Applying similar procedures to perturbations, the primordial 

power spectrum can be affected, leading to possibly detectable consequences in the cosmic 

microwave background or large scale structure data. 

 

 

Tejinder P. Singh (Tata Institute of Fundamental Research, India) 

Title: Collapse models, and the theory of spontaneous quantum gravity 

Spontaneous localisation is a falsifiable dynamical mechanism which modifies quantum 

mechanics, and explains the absence of position superpositions in the macroscopic world. These 

collapse models are a phenomenological proposal. Adler's theory of trace dynamics, working on the 

Planck scale (but with a flat Minkowki space-time) derives quantum theory, and spontaneous 

localisation, as a low energy thermodynamic approximation to an underlying matrix dynamics. We 

describe how to incorporate gravity into trace dynamics, by using the principles of Connes' non-

commutative geometry programme. This leads us to a new quantum theory of gravity, from which 

we can predict spontaneous localisation, and also give an estimate of the Bekenstein-Hawking 

entropy of a Schwarzschild black hole. 

 

 

Hendrik Ulbricht (University of Southampton) 

Title: Testing fundamental physics on the table top with massive systems 

 

In my talk I will report on the state of play in experiments with optical and magnetic manipulation of 

large-mass systems.  I will explain why such levitated mechanical systems are ideal candidates to test 

quantum mechanics, especially the quantum superposition principle by interferometric and non-

interferometric means - as well as the interplay between gravity and quantum mechanics. I will 

discuss our recent proposals for such gravity tests and illustrate their experimental feasibility. 

 

 

Antoine Tilloy (Max-Planck-Institute of Quantum Optics, Germany) 

Title: Does gravity have to be quantized? Fundamentally semi-classical toy models and 

perspectives for more realistic ones 

 

It is often argued that gravity has to be a quantum theory simply because a fundamentally 

semiclassical approach would necessarily be inconsistent. I will quickly review recent Newtonian toy 

models of (stochastic) semiclassical gravity. They provide one option to implement a force 

semiclassically without getting into most known problems. These models are not complete theories 

and should not be considered too seriously, but their consistency shows that semiclassical gravity is 

hard to dismiss on purely theoretical grounds. I will then mention the many challenges involved if 

one wants, one day, to extend these approaches to the general relativistic setting.  

 

 

 

 

 

 

 

 



Nino Zanghì (University of Genova, Italy) 

Title: Relational Quantum Motion 

Relational formulations of classical mechanics and gravity have been developed by Julian Barbour 

and collaborators. Crucial to these formulations is the notion of shape space.  It turns out that the 

metric structure of shape space also allows one to straightforwardly define a quantum motion, a 

Bohmian mechanics, on shape space.  In this talk I will sketch some of the findings presented in a 

recent paper with Detlef Duerr and Sheldon Goldstein (“Quantum Motion on Shape Space and the 

Gauge Dependent Emergence of Dynamics and Probability in Absolute Space and Time” Journal of 

Statistical Physics, 2019, arXiv:1808.06844). In particular, I will elaborate on how free motion on 

shape space, when lifted to configuration space, becomes an interacting theory and how  the theory 

can be statistically analyzed by using conditional wave functions, for subsystems of the universe, 

represented in terms of absolute space and time. 

 

 


