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Abstract: Understanding the quantum nature of spacetime and gravity remains one of the most ambitious
goals of theoretical physics. It promises to provide key new insights into fundamental particle theory, as-
trophysics, cosmology and the foundations of physics. Despite there being a common goal, the community
of quantum gravity researchers is sometimes seen as divided into sub-communities working on different,
mutually exclusive approaches. In practice however, recent years have shown the emergence of common
techniques, results and physical ideas arising from different quantum gravity sub-communities, suggesting
exciting new prospects for collaboration and interaction between traditionally distinct approaches. In this
Letter of Interest we discuss some of these common themes which have seen a growing interest from various
directions, and argue that they can be used to steer the quantum gravity community towards common goals.
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Introduction and overview. — Quantum gravity (QG) promises to shake the very foundations of our un-
derstanding of nature by redefining its pillars, namely our current notions of space, time and matter. This is
potentially of immense physical relevance and can lead to new phenomenology in gravitational physics, as-
trophysics, particle physics and cosmology, in addition to resolving the mysteries of black hole physics and
the very early Universe. Several approaches to QG have developed over the last few decades, starting from
diverse, and sometimes even contradictory assumptions and key ingredients. Nevertheless, while retaining
their distinct character, they sometimes converge, both in broad technique as well as results. Some pertinent
examples are: string theory, with its many diversifications like the AdS/CFT correspondence and hologra-
phy, geometric compactifications and geometric landscape, topological field theory (also prominent in spin
foam models) and (swampland) conjectures about the form of low energy effective field theories, resonating
with similar developments in asymptotically safe gravity; complementary approaches like simplicial path
integral methods, tensor models, group field theory and canonical loop quantum gravity, all dealing with dy-
namical graphs/lattices and spin network states, suggested as fundamental degrees of freedom of quantum
spacetime; causal sets with their similar emphasis on discreteness and causality. Tensor networks appear in
AdS/CFT, group field theory and loop quantum gravity. Dynamical topology occurs in string theory, tensor
models as well as group field theory. Noncommutative geometry is relevant to string theory, loop quantum
gravity, spin foam models as well as perturbative gravity. Moreover, the relationship between entanglement
and geometry as well as that of an “emergent spacetime” are common to many of the approaches. These
approaches complement each other by illuminating different aspects of the fundamental questions while
tackling them from different perspectives. Thus, an increased dialogue and cross-fertilization between dif-
ferent QG approaches benefits the whole endeavor, and should be actively encouraged.

Below we give an overview of current research in QG (mostly complementary to string theory), which
exemplifies this and shows an increasing convergence of methods and results. This will only intensify further
in the coming years, leading to paradigm shifts and new insights of wide relevance to physics as a whole.

Renormalization group. — The Renormalization Group, with its corresponding concepts of univer-
sality, (quantum) scale symmetry and coarse-graining, is currently emerging as a focal point for different
QG approaches, most notably asymptotically safe gravity1, spin foams2, dynamical triangulations3, tensor
models4 and group field theories5. It provides a common language that helps to establish links between
distinct approaches: questions of universality, the continuum limit, and the fate of symmetries take center
stage here. Moreover, the Renormalization Group flow acts as a bridge between the microscopic QG regime
and macrophysics, where observations are possible. The interplay of QG with matter fields is being inves-
tigated within such a framework, and connects QG with high-energy physics in (beyond) Standard Model
settings6–8 which also links to ongoing efforts in particle physics such as the search for dark matter9.

Causality and analyticity. — Causality is an essential ingredient of relativistic physics, and a guiding
principle in quantum field theory; together with analyticity, it often provides powerful constraints. The
causal structure encodes all but one degree of freedom10,11, which suggests that causality is one of the
most rudimentary principles in nature. Causality is also important in constructing the covariant observables
of QG since these must be space-time in character12. QG approaches which incorporate causality in a
fundamental way thus give us a vantage point not easily afforded by other approaches. These include causal
dynamical triangulations13 as well as causal set theory14, both of which are discrete approaches. In the
former, discreteness is used as a tool whereas in the latter it is fundamental, but without violating local
Lorentz invariance15. The Lorentzian path integral is well defined in both approaches and can gives us
concrete insights into the broad path integral framework. Causality and analyticity also play key roles in
modern studies of gravitational scattering amplitudes, and their relation to gauge theories16.

Symmetries and boundary charges. — A fundamental aspect of QG research is symmetry. This in-
cludes possible modifications of the relativity principle within our quantum Universe, which can arise due
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to the graininess of space-time at the Planck scale17. The investigation of bulk symmetries and boundary
charges, at both classical and quantum levels, and their holographic interplay, has led to convergence be-
tween a number of approaches18–21 and quasi-local implementations of the holographic principle22. These
developments have also offered an enlightening interface between QG and extended topological quantum
field theories23 as well as related condensed matter models, and have provided new perspectives on coarse-
graining and renormalization in QG24,25.

Quantum first approach. — A newer approach to QG is the “quantum-first” approach, advocated
in26,27. Here, the postulates of quantum mechanics are assumed, and the appropriate mathematical structure
on a Hilbert space is obtained guided by the weak gravity “correspondence” limit and the properties of black
holes. This is partly motivated by the mathematical structure of quantum field theory (QFT), in terms of a
net of subalgebras within the algebra of quantum observables on the Hilbert space. The subsystem structure
for gravity is apparently different from that for QFT28–30, but can be described perturbatively, while making
contact with ideas of holography31. Other important constraints come from imposing unitary evolution in
the high-energy sector when black holes are produced, and parameterizing that evolution in an effective
approach32,33. The latter has the potential to make contact with strong-gravity observations34.

Observables. — A longstanding question across approaches, intimately connected to tests of QG, is
to define observables in QG. Gauge invariant observables in gravity cannot be local35. An approach go-
ing back to DeWitt36 is to define observables relationally, and localizing with respect to the quantum state.
There have been recent developments in this direction and understanding its consistency37, which how-
ever reveal fundamental limitations on spacetime localization38. Another approach is to construct gauge-
invariant observables by gravitationally dressing field theory observables39. These observables begin to
reveal noncommutativity39,40, and potentially important aspects of the mathematical structure of QG30. A
better understanding of these issues is important in understanding the mathematical structure of QG.

Phenomenology. — A formidable challenge faced by QG is the longstanding lack of experimen-
tal/observational guidance. QG phenomenology41 is a field of research that aims at filling this gap by
extracting theoretical predictions for new physics in accessible energy regimes, from within different QG
approaches, and testing them via observations and experiments in windows of opportunity where even tiny,
Planck suppressed, effects could be probed. This search for tests of QG predictions has over time developed
in several directions: tests of breaking/quantum deformation of local spacetime symmetries such as local
Lorentz invariance (e.g. via high energy astrophysics observations42,43); tests of departures from locality44

(e.g. via tabletop experiments45); tests of QG induced modifications of gravitational dynamics (e.g. observ-
ing black holes via gravitational waves46 and/or34 very long baseline interferometery (VLBI)47, or studying
the consequences of dimensional flow for the luminosity distance scaling of gravitational waves48,49); and
searches for extra dimensions (e.g. in microgravity experiments and at LHC50,51). All these avenues have re-
quired cross-field collaborations and an interplay between theoretical and experimental/observational teams.

Foundations of cosmology. — A deeper understanding of QG will help in bridging the gap between
the Standard Model of particle physics and the Λ Cold Dark Matter (ΛCDM) model of cosmology, and its
observables. In ΛCDM, dark energy, dark matter and inflation need to be added to general relativity in order
to describe the observed Universe52,53. QG likewise suggests that general relativity receives corrections
which can become relevant in cosmology54. The origin of dark energy is tied to the quantum structure of
spacetime, and dynamical dark energy scenarios can be confronted with observation55. In the early Uni-
verse, QG should resolve the Big Bang singularity56,57 and give insights into cosmological initial conditions
beyond those of ΛCDM. One possible scenario is that our expanding Universe originated in a prior contract-
ing phase58,59. QG can also constrain early-universe dynamics within inflation or propose an early era of
accelerated expansion in the absence of a scalar field56,57. For instance, the swampland conjectures in string
theory constrain inflationary models and are in tension with a cosmological constant as dark energy60.

3



References

[1] A. Bonanno, A. Eichhorn, H. Gies, J. M. Pawlowski, R. Percacci, M. Reuter, F. Saueressig and
G. P. Vacca, “Critical reflections on asymptotically safe gravity,” Front. in Phys. 8, 269 (2020),
arXiv:2004.06810 [gr-qc].

[2] B. Bahr and S. Steinhaus, “Numerical evidence for a phase transition in 4d spin foam quantum gravity,”
Phys. Rev. Lett. 117, 141302 (2016), arXiv:1605.07649 [gr-qc].

[3] J. Ambjorn, J. Gizbert-Studnicki, A. Görlich, J. Jurkiewicz and R. Loll, “Renormalization in quantum
theories of geometry,” Front. in Phys. 8, 247 (2020), arXiv:2002.01693 [hep-th].

[4] A. Eichhorn, T. Koslowski and A. D. Pereira, “Status of background-independent coarse-graining in
tensor models for quantum gravity,” Universe 5, 53 (2019), arXiv:1811.12909 [gr-qc].

[5] S. Carrozza, “Flowing in Group Field Theory Space: a Review,” SIGMA 12, 070 (2016),
arXiv:1603.01902 [gr-qc].

[6] M. Shaposhnikov and C. Wetterich, “Asymptotic safety of gravity and the Higgs boson mass,” Phys.
Lett. B 683, 196-200 (2010), arXiv:0912.0208 [hep-th].

[7] A. Eichhorn and A. Held, “Mass difference for charged quarks from asymptotically safe quantum
gravity,” Phys. Rev. Lett. 121, 151302 (2018), arXiv:1803.04027 [hep-th].

[8] A. Eichhorn and M. Pauly, “Constraining power of asymptotic safety for scalar fields,”
arXiv:2009.13543 [hep-th].

[9] M. Reichert and J. Smirnov, “Dark Matter meets Quantum Gravity,” Phys. Rev. D 101, 063015 (2020),
arXiv:1911.00012 [hep-ph].

[10] S. W. Hawking, A. R. King and P. J. McCarthy, “A New Topology for Curved Space-Time Which
Incorporates the Causal, Differential, and Conformal Structures,” J. Math. Phys. 17, 174-181 (1976).

[11] D. B. Malament, “The class of continuous timelike curves determines the topology of spacetime”, J.
Math. Phys. 18, 1399-1404 (1977).

[12] R. D. Sorkin, “Forks in the road, on the way to quantum gravity,” Int. J. Theor. Phys. 36, 2759-2781
(1997), arXiv:gr-qc/9706002 [gr-qc].

[13] R. Loll, “Quantum Gravity from Causal Dynamical Triangulations: A Review,” Class. Quant. Grav.
37, 013002 (2020), arXiv:1905.08669 [hep-th].

[14] S. Surya, “The causal set approach to quantum gravity,” Living Rev. Rel. 22, 5 (2019),
arXiv:1903.11544 [gr-qc].

[15] L. Bombelli, J. Henson and R. D. Sorkin, “Discreteness without symmetry breaking: A Theorem,”
Mod. Phys. Lett. A 24, 2579-2587 (2009), arXiv:gr-qc/0605006 [gr-qc].

[16] Z. Bern, J. J. Carrasco, M. Chiodaroli, H. Johansson and R. Roiban, “The Duality Between Color and
Kinematics and its Applications,” arXiv:1909.01358 [hep-th].

[17] G. Amelino-Camelia, L. Freidel, J. Kowalski-Glikman and L. Smolin, “The principle of relative local-
ity,” Phys. Rev. D 84, 084010 (2011), arXiv:1101.0931 [hep-th].

4

http://dx.doi.org/10.3389/fphy.2020.00269
http://arxiv.org/abs/arXiv:2004.06810
http://dx.doi.org/10.1103/PhysRevLett.117.141302
http://arxiv.org/abs/arXiv:1605.07649
http://dx.doi.org/10.3389/fphy.2020.00247
http://arxiv.org/abs/arXiv:2002.01693
http://dx.doi.org/10.3390/universe5020053
http://arxiv.org/abs/arXiv:1811.12909
http://dx.doi.org/10.3842/SIGMA.2016.070
http://arxiv.org/abs/arXiv:1603.01902
http://dx.doi.org/10.1016/j.physletb.2009.12.022
http://dx.doi.org/10.1016/j.physletb.2009.12.022
http://arxiv.org/abs/arXiv:0912.0208
http://dx.doi.org/10.1103/PhysRevLett.121.151302
http://arxiv.org/abs/arXiv:1803.04027
http://arxiv.org/abs/arXiv:2009.13543
http://dx.doi.org/10.1103/PhysRevD.101.063015
http://arxiv.org/abs/arXiv:1911.00012
http://dx.doi.org/10.1063/1.522874
http://dx.doi.org/10.1063/1.523436
http://dx.doi.org/10.1063/1.523436
http://dx.doi.org/10.1007/BF02435709
http://dx.doi.org/10.1007/BF02435709
http://arxiv.org/abs/arXiv:gr-qc/9706002
http://dx.doi.org/10.1088/1361-6382/ab57c7
http://dx.doi.org/10.1088/1361-6382/ab57c7
http://arxiv.org/abs/arXiv:1905.08669
http://dx.doi.org/10.1007/s41114-019-0023-1
http://arxiv.org/abs/arXiv:1903.11544
http://dx.doi.org/10.1142/S0217732309031958
http://arxiv.org/abs/arXiv:gr-qc/0605006
http://arxiv.org/abs/arXiv:1909.01358
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.84.084010
https://arxiv.org/abs/1101.0931


[18] A. Strominger, “Lectures on the Infrared Structure of Gravity and Gauge Theory,” arXiv:1703.05448
[hep-th].

[19] G. Barnich and C. Troessaert, “BMS charge algebra,” JHEP 12, 105 (2011), arXiv:1106.0213 [hep-th].

[20] W. Donnelly and L. Freidel, “Local subsystems in gauge theory and gravity,” JHEP 09, 102 (2016),
arXiv:1601.04744 [hep-th].

[21] L. Freidel, E. R. Livine and D. Pranzetti, “Kinematical Gravitational Charge Algebra,” Phys. Rev. D
101, 024012 (2020), arXiv:1910.05642 [gr-qc].

[22] B. Dittrich, C. Goeller, E. R. Livine and A. Riello, “Quasi-local holographic dualities in non-
perturbative 3d quantum gravity,” Class. Quant. Grav. 35, 13LT01 (2018), arXiv:1803.02759 [hep-th].

[23] B. Dittrich and M. Geiller, “Quantum gravity kinematics from extended TQFTs,” New J. Phys. 19,
013003 (2017), arXiv:1604.05195 [hep-th].

[24] E. R. Livine, “From Coarse-Graining to Holography in Loop Quantum Gravity,” EPL 123, 10001
(2018), arXiv:1704.04067 [gr-qc].

[25] W. J. Cunningham, B. Dittrich and S. Steinhaus, “Tensor Network Renormalization with Fusion
Charges—Applications to 3D Lattice Gauge Theory,” Universe 6, 97 (2020), arXiv:2002.10472 [hep-
th].

[26] S. B. Giddings, “Quantum-first gravity,” Found. Phys. 49, 177-190 (2019), arXiv:1803.04973 [hep-th].

[27] S. B. Giddings, “Quantum gravity: a quantum-first approach,” LHEP 1, 1-3 (2018), arXiv:1805.06900
[hep-th].

[28] W. Donnelly and S. B. Giddings, “Observables, gravitational dressing, and obstructions to locality and
subsystems,” Phys. Rev. D 94, 104038 (2016), arXiv:1607.01025 [hep-th].

[29] W. Donnelly and S. B. Giddings, “Gravitational splitting at first order: Quantum information localiza-
tion in gravity,” Phys. Rev. D 98, 086006 (2018), arXiv:1805.11095 [hep-th].

[30] S. B. Giddings, “Gravitational dressing, soft charges, and perturbative gravitational splitting,” Phys.
Rev. D 100, 126001 (2019), arXiv:1903.06160 [hep-th].

[31] S. B. Giddings, “Holography and unitarity,” arXiv:2004.07843 [hep-th], to appear in JHEP.

[32] S. B. Giddings, “Nonviolent unitarization: basic postulates to soft quantum structure of black holes,”
JHEP 12, 047 (2017), arXiv:1701.08765 [hep-th].

[33] S. B. Giddings, “Black holes in the quantum universe,” Phil. Trans. Roy. Soc. Lond. A 377, 20190029
(2019), arXiv:1905.08807 [hep-th].

[34] S. B. Giddings, “Astronomical tests for quantum black hole structure,” Nature Astron. 1, 0067 (2017),
arXiv:1703.03387 [gr-qc].

[35] C. G. Torre, “Gravitational observables and local symmetries,” Phys. Rev. D 48, 2373-2376 (1993),
arXiv:gr-qc/9306030 [gr-qc].

[36] B. S. DeWitt, “The quantization of geometry,” in Gravitation: An Introduction to Current Research,
ed. Witten L (New York, Wiley, 1962).

5

https://arxiv.org/abs/1703.05448
https://arxiv.org/abs/1703.05448
https://link.springer.com/article/10.1007/JHEP12(2011)105
https://arxiv.org/abs/1106.0213
https://link.springer.com/article/10.1007/JHEP09(2016)102
https://arxiv.org/abs/1601.04744
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.024012
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.024012
https://arxiv.org/abs/1910.05642
https://iopscience.iop.org/article/10.1088/1361-6382/aac606
https://arxiv.org/abs/1803.02759
https://iopscience.iop.org/article/10.1088/1367-2630/aa54e2
https://iopscience.iop.org/article/10.1088/1367-2630/aa54e2
https://arxiv.org/abs/1604.05195
https://iopscience.iop.org/article/10.1209/0295-5075/123/10001
https://iopscience.iop.org/article/10.1209/0295-5075/123/10001
https://arxiv.org/abs/1704.04067
https://www.mdpi.com/2218-1997/6/7/97
https://arxiv.org/abs/2002.10472
https://arxiv.org/abs/2002.10472
http://dx.doi.org/10.1007/s10701-019-00239-1
http://arxiv.org/abs/arXiv:1803.04973
http://dx.doi.org/10.31526/LHEP.3.2018.01
http://arxiv.org/abs/arXiv:1805.06900
http://arxiv.org/abs/arXiv:1805.06900
http://dx.doi.org/10.1103/PhysRevD.94.104038
http://arxiv.org/abs/arXiv:1607.01025
http://dx.doi.org/10.1103/PhysRevD.98.086006
http://arxiv.org/abs/1805.11095
http://dx.doi.org/10.1103/PhysRevD.100.126001
http://dx.doi.org/10.1103/PhysRevD.100.126001
http://arxiv.org/abs/1903.06160
http://arxiv.org/abs/arXiv:2004.07843
http://dx.doi.org/10.1007/JHEP12(2017)047
http://arxiv.org/abs/arXiv:1701.08765
http://dx.doi.org/10.1098/rsta.2019.0029
http://dx.doi.org/10.1098/rsta.2019.0029
http://arxiv.org/abs/arXiv:1905.08807
http://dx.doi.org/10.1038/s41550-017-0067
http://arxiv.org/abs/arXiv:1703.03387
http://dx.doi.org/10.1103/PhysRevD.48.R2373
http://arxiv.org/abs/arXiv:gr-qc/9306030


[37] P. A. Hoehn, A. R. H. Smith and M. P. E. Lock, “Equivalence of approaches to relational quantum
dynamics in relativistic settings,” arXiv:2007.00580 [gr-qc].

[38] S. B. Giddings, D. Marolf and J. B. Hartle, “Observables in effective gravity,” Phys. Rev. D 74, 064018
(2006), arXiv:hep-th/0512200 [hep-th].

[39] W. Donnelly and S. B. Giddings, “Diffeomorphism-invariant observables and their nonlocal algebra,”
Phys. Rev. D 93, 024030 (2016), [Erratum: Phys. Rev. D 94, 029903 (2016)] arXiv:1507.07921 [hep-
th].

[40] B. Dittrich and J. Tambornino, “A Perturbative approach to Dirac observables and their space-time
algebra,” Class. Quant. Grav. 24 (2007), 757-784 Class. Quant. Grav. 24, 757 (2007) arXiv:gr-
qc/0610060 [gr-qc]

[41] G. Amelino-Camelia, “Quantum-Spacetime Phenomenology,” Living Rev. Rel. 16, 5 (2013),
arXiv:0806.0339 [gr-qc].

[42] S. Liberati, “Tests of Lorentz invariance: a 2013 update,” Class. Quant. Grav. 30, 133001 (2013),
arXiv:1304.5795 [gr-qc].

[43] J. Kowalski-Glikman, “Introduction to doubly special relativity,” Lect. Notes Phys. 669, 131-159
(2005), arXiv:hep-th/0405273 [hep-th].

[44] L. Philpott, F. Dowker and R. D. Sorkin, “Energy-momentum diffusion from spacetime discreteness,”
Phys. Rev. D 79, 124047 (2009), arXiv:0810.5591 [gr-qc].

[45] A. Belenchia, D. M. T. Benincasa, S. Liberati, F. Marin, F. Marino and A. Ortolan, “Testing Quantum
Gravity Induced Nonlocality via Optomechanical Quantum Oscillators,” Phys. Rev. Lett. 116, 161303
(2016), arXiv:1512.02083 [gr-qc].

[46] J. Abedi, H. Dykaar and N. Afshordi, “Echoes from the Abyss: Tentative evidence for Planck-scale
structure at black hole horizons,” Phys. Rev. D 96, 082004 (2017), arXiv:1612.00266 [gr-qc].

[47] K. Akiyama et al. [Event Horizon Telescope], “First M87 Event Horizon Telescope Results. I. The
Shadow of the Supermassive Black Hole,” Astrophys. J. 875, L1 (2019), arXiv:1906.11238 [astro-
ph.GA].

[48] G. Calcagni, S. Kuroyanagi, S. Marsat, M. Sakellariadou, N. Tamanini and G. Tasinato, ”Quantum
gravity and gravitational-wave astronomy,” JCAP 10, 012 (2019), arXiv:1907.02489 [gr-qc].

[49] G. Calcagni, S. Kuroyanagi, S. Marsat, M. Sakellariadou, N. Tamanini and G. Tasinato, “Gravitational-
wave luminosity distance in quantum gravity,” Phys. Lett. B 798, 135000 (2019), arXiv:1904.00384
[gr-qc].

[50] I. Antoniadis, “Physics of extra dimensions,” J. Phys. Conf. Ser. 33, 015 (2006).

[51] J. Kretzschmar, “Searches for extra dimensions with the ATLAS and CMS detectors,” Nucl. Part. Phys.
Proc. 273-275, 541-545 (2016).

[52] P. A. R. Ade et al. [Planck], “Planck 2015 results. XIII. Cosmological parameters,” Astron. Astrophys.
594, A13 (2016), arXiv:1502.01589 [astro-ph.CO].

[53] P. A. R. Ade et al. [Planck], “Planck 2015 results. XX. Constraints on inflation,” Astron. Astrophys.
594, A20 (2016), arXiv:1502.02114 [astro-ph.CO].

6

http://arxiv.org/abs/arXiv:2007.00580
http://dx.doi.org/10.1103/PhysRevD.74.064018
http://dx.doi.org/10.1103/PhysRevD.74.064018
http://arxiv.org/abs/arXiv:hep-th/0512200
http://dx.doi.org/10.1103/PhysRevD.93.024030
http://arxiv.org/abs/arXiv:1507.07921
http://arxiv.org/abs/arXiv:1507.07921
https://iopscience.iop.org/article/10.1088/0264-9381/24/4/001
https://arxiv.org/abs/gr-qc/0610060
https://arxiv.org/abs/gr-qc/0610060
http://dx.doi.org/10.12942/lrr-2013-5
http://arxiv.org/abs/arXiv:0806.0339
http://dx.doi.org/10.1088/0264-9381/30/13/133001
http://arxiv.org/abs/arXiv:1304.5795
http://dx.doi.org/10.1007/11377306_5
http://dx.doi.org/10.1007/11377306_5
http://arxiv.org/abs/arXiv:hep-th/0405273
http://dx.doi.org/10.1103/PhysRevD.79.124047
http://arxiv.org/abs/arXiv:0810.5591
http://dx.doi.org/10.1103/PhysRevLett.116.161303
http://dx.doi.org/10.1103/PhysRevLett.116.161303
http://arxiv.org/abs/arXiv:1512.02083
http://dx.doi.org/10.1103/PhysRevD.96.082004
http://arxiv.org/abs/arXiv:1612.00266
http://dx.doi.org/10.3847/2041-8213/ab0ec7
http://arxiv.org/abs/arXiv:1906.11238
http://arxiv.org/abs/arXiv:1906.11238
http://dx.doi.org/10.1088/1475-7516/2019/10/012
http://arxiv.org/abs/arXiv:1907.02489
http://dx.doi.org/10.1016/j.physletb.2019.135000
http://arxiv.org/abs/arXiv:1904.00384
http://arxiv.org/abs/arXiv:1904.00384
http://dx.doi.org/10.1088/1742-6596/33/1/015
http://dx.doi.org/10.1016/j.nuclphysbps.2015.09.080
http://dx.doi.org/10.1016/j.nuclphysbps.2015.09.080
http://dx.doi.org/10.1051/0004-6361/201525830
http://dx.doi.org/10.1051/0004-6361/201525830
http://arxiv.org/abs/arXiv:1502.01589
http://dx.doi.org/10.1051/0004-6361/201525898
http://dx.doi.org/10.1051/0004-6361/201525898
http://arxiv.org/abs/arXiv:1502.02114


[54] E. Berti, E. Barausse, V. Cardoso, L. Gualtieri, P. Pani, U. Sperhake, L. C. Stein, N. Wex, K. Yagi
and T. Baker, et al. “Testing General Relativity with Present and Future Astrophysical Observations,”
Class. Quant. Grav. 32, 243001 (2015), arXiv:1501.07274 [gr-qc].

[55] N. Zwane, N. Afshordi and R. D. Sorkin, “Cosmological tests of Everpresent Λ,” Class. Quant. Grav.
35, 194002 (2018), arXiv:1703.06265 [gr-qc].

[56] M. de Cesare and M. Sakellariadou, “Accelerated expansion of the Universe without an inflaton and
resolution of the initial singularity from Group Field Theory condensates,” Phys. Lett. B 764, 49-53
(2017), arXiv:1603.01764 [gr-qc].

[57] A. G. A. Pithis, M. Sakellariadou and P. Tomov, “Impact of nonlinear effective interactions on group
field theory quantum gravity condensates,” Phys. Rev. D 94, 064056 (2016), arXiv:1607.06662 [gr-qc].

[58] A. Ashtekar and P. Singh, “Loop Quantum Cosmology: A Status Report,” Class. Quant. Grav. 28,
213001 (2011), arXiv:1108.0893 [gr-qc].

[59] D. Oriti, L. Sindoni and E. Wilson-Ewing, “Emergent Friedmann dynamics with a quantum bounce
from quantum gravity condensates,” Class. Quant. Grav. 33, 224001 (2016), arXiv:1602.05881 [gr-qc].

[60] L. Heisenberg, M. Bartelmann, R. Brandenberger and A. Refregier, “Dark Energy in the Swampland,”
Phys. Rev. D 98, 123502 (2018), arXiv:1808.02877 [astro-ph.CO].

7

http://dx.doi.org/10.1088/0264-9381/32/24/243001
http://arxiv.org/abs/arXiv:1501.07274
http://dx.doi.org/10.1088/1361-6382/aadc36
http://dx.doi.org/10.1088/1361-6382/aadc36
http://arxiv.org/abs/arXiv:1703.06265
http://dx.doi.org/10.1016/j.physletb.2016.10.051
http://dx.doi.org/10.1016/j.physletb.2016.10.051
http://arxiv.org/abs/arXiv:1603.01764
http://dx.doi.org/10.1103/PhysRevD.94.064056
http://arxiv.org/abs/arXiv:1607.06662
http://dx.doi.org/10.1088/0264-9381/28/21/213001
http://dx.doi.org/10.1088/0264-9381/28/21/213001
http://arxiv.org/abs/arXiv:1108.0893
http://dx.doi.org/10.1088/0264-9381/33/22/224001
http://arxiv.org/abs/arXiv:1602.05881
http://dx.doi.org/10.1103/PhysRevD.98.123502
http://arxiv.org/abs/arXiv:1808.02877


 

Supporting Scientists 
 

Please add your name, affiliation and email address. 
 

1) Simon Catterall, Syracuse Univ, smcatterall@gmail.com 
2) Niels Obers, Nordita & Niels Bohr Institute, obers@nbi.ku.dk 
3) Jorge Pullin, Louisiana State University, pullin@lsu.edu 
4) Tadashi Takayanagi, Kyoto University, takayana@yukawa.kyoto-u.ac.jp 
5) Roberto Percacci, SISSA, percacci@sissa.it 
6) Gianluca Calcagni, IEM-CSIC, g.calcagni@csic.es  
7) Holger Gies, FSU Jena, holger.gies@uni-jena.de  
8) Alejandro Corichi, CCM-UNAM, corichi@matmor.unam.mx  
9) Steven Carlip, University of California at Davis, sjcarlip@ucdavis.edu 
10) Robert Brandenberger, McGill University, rhb@hep.physics.mcgill.ca 
11) Alejandro Perez, Aix-Marseille University, perez@cpt.univ-mrs.fr 
12) Razvan Gurau, CNRS & University of Heidelberg, rgurau@cpht.polytechnique.fr 
13) Robert Myers, Perimeter Institute for Theoretical Physics, rmyers@perimeterinstitute.ca 
14) Viqar Husain, University of New Brunswick, vhusain@unb.ca 
15) Edward Wilson-Ewing, University of New Brunswick, edward.wilson-ewing@unb.ca 
16) Erik Tonni, SISSA, erik.tonni@sissa.it 
17) Tim Morris, University of Southampton, t.r.morris@soton.ac.uk  
18) Jerome Gauntlett, Imperial College, London, j.gauntlett@imperial.ac.uk 
19) Ivan Agullo, Louisiana State University, agullo@lsu.edu 
20) Laurent Freidel, Perimeter institute, lfreidel@perimeterinstitute.ca  
21) Clifford V. Johnson, University of Southern California, johnson1@usc.edu 
22) Eugenio Bianchi, Pennsylvania State University, ebianchi@gravity.psu.edu 
23) Kasia Rejzner, University of York, kasia.rejzner@york.ac.uk 
24) Renate Loll, Radboud University, r.loll@science.ru.nl 
25) Dario Benedetti, CNRS & Ecole Polytechnique, dario.benedetti@polytechnique.edu 
26) Parampreet Singh, Louisiana State University, psingh@lsu.edu 
27) Glenn Barnich, Université libre de Bruxelles, gbarnich@ulb.ac.be 

 

 
 

mailto:pullin@lsu.edu
mailto:takayana@yukawa.kyoto-u.ac.jp
mailto:percacci@sissa.it
mailto:g.calcagni@csic.es
mailto:holger.gies@uni-jena.de
mailto:corichi@matmor.unam.mx
mailto:sjcarlip@ucdavis.edu
mailto:rhb@hep.physics.mcgill.ca
mailto:perez@cpt.univ-mrs.fr
mailto:rgurau@cpht.polytechnique.fr
mailto:rmyers@perimeterinstitute.ca
mailto:vhusain@unb.ca
mailto:edward.wilson-ewing@unb.ca
mailto:erik.tonni@sissa.it
mailto:t.r.morris@soton.ac.uk
mailto:j.gauntlett@imperial.ac.uk
mailto:agullo@lsu.edu
mailto:lfreidel@perimeterinstitute.ca
mailto:ebianchi@gravity.psu.edu
mailto:kasia.rejzner@york.ac.uk
mailto:r.loll@science.ru.nl
mailto:dario.benedetti@polytechnique.edu
mailto:psingh@lsu.edu

