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Mesoscopic Quantum Gravity

• Quantum & Gravity:  What is to be quantized? The naïve answer is, we 
should quantize gravitons (with unknown UV completion).This is the 
Effective (Quantum) Field Theoretical way, but there are problems: e.g., when 
energy density is sufficiently high, we e.g., expect that black holes are being 
formed, which are certainly behind the scope of applicability of EFT.

• The mesoscopic bottom—up approach aims at capturing the essence of 
what it means for geometry to become quantum and how quantum 
geometry goes beyond effective field theory. It is hoped that the 
understanding of mesoscopic gravity will reveal the fundamental structures 
behind the theory of quantum gravity, much as the understanding of 
Brownian motion paved the way for atomic theory and quantum mechanics. 

• Then again What are the “degrees of freedom” to be quantized?



The program



The 
Cosmological
Constant



The cosmological constant problem – 
what’s the problem?

infinite gravitational field



Contributions to the cosmological constant 
from matter loop diagrams *

proportional to the regularized

volume of momentum space

infinite Minkowski space 

*J. F. Donoghue, Phys. Rev. D 104, 045005



The cosmological constant problem



An idea

the phase space

* L. Freidel, JKL, R. Leigh, D. Minic, Phys.Rev.D 107 (2023) 12, 126016, 2212.00901  and 
Int.J.Mod.Phys.D 32 (2023) 14, 2342004 2303.17495

https://arxiv.org/abs/2212.00901
https://arxiv.org/abs/2303.17495


Regularization

cells of minimal size

nothing forces us to identify them with the Planck mass/length

contextually, vis a vis the specific physical problem at hand

M = Np ε 

L = Np λ 

dimension of the Hilbert space 



Vacuum energy

But there is nothing here that makes it necessary/natural.

N therefore, 

basically, its entropy



Entropy and N



The lesson

• The cosmological constant is small because the universe is large.  Why the 

universe is large? 

phase space 



The Corner 
Proposal



Intuition: Quantum Field Theory 
(perturbative)

pµ, sµν

p2=m2

pµ, sµν



Intuition: gravity

Wheeler—De Witt 

in the bulk

Charges on 

the 

boundary



The corner proposal

• The proposal Quantum gravity is a representation theory of ECS 

• Forget about the origin of ECS and consider it as a starting point of the construction



Representations of ECS2
*

* L. Ciambelli, JKG, and L. Varrin, arXiv:2406.07101 [hep-th] 

L



Representations of ECS2
*

* The representation theory of QCS2 is discussed in L. Varrin, 2409.10624

* The representation theory of QCS2 is discussed in L. Varrin, 2409.10624

https://arxiv.org/abs/2409.10624
https://arxiv.org/abs/2409.10624


Metaplectic representation of QCS2



Gluing the segments



Gluing the segments



Cutting the segments



Outlook

M. Arzano (et. al) JHEP 05 (2020) 072, 2002.01836; JHEP 10 (2023) 165, 2306.12291

https://arxiv.org/abs/2002.01836
https://arxiv.org/abs/2306.12291


On causal diamond

Beam splitter

Mirror

E. Verlinde & K. Zurek, Phys.Lett.B 822 (2021) 136663, 1902.08207 and 
Phys.Rev.D 106 (2022) 10, 106011, 2208.01059  

https://arxiv.org/abs/1902.08207
https://arxiv.org/abs/2208.01059


Thank you
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