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1. Understanding how classical space-time emerges from microscopic quantum DoF remains one of 
central problems in QG.
2. Randomly Connected Tensor Networks(RCTN) provide an intriguing framework in which continuous 

geometry arises from purely discrete tensor networks without assuming any background manifold.

3. In this talk, i will introduce a QG analogue of RCTN based on an interacting bosonic many-body 

system governed by a cubic Hamiltonian.
4. By imposing a constraint: Wheeler-DeWitt equation, we identify the physical Hilbert space of the 

model and investigate its correlation functions.
5. Different symmetry patterns imposed on the coupling tensor lead to qualitatively different 
emergent geometries from nothing to fluctuating.
6. These results suggest that symmetry plays a crucial role in determining macroscopic space-time 

properties and provide a possible route toward understanding emergent geometry from quantum 

dynamics.
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 Motivation:

 Why QG?

Physics currently relies on 2 fundamental, yet mathematically and conceptually incompatible 

frameworks: GR and QFT.

 Is space-time fundamental?

GR: yes, (M, gab). However, it is widely considered to be an emergent phenomenon from discrete.

 Can geometry emerge from quantum states?
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 Existing approaches

 Causal Set

Space-time events are related by a partial order that has the physical meaning of causality relations 

between space-time events.[1]

 Canonical Tensor Models(CTM)

It is a tensor model with Pabc and Qabc in the canonical formalism and mimics the structure of the ADM 

formalism of GR.[2,3]

 Group Field Theory

The base manifold is taken to be a Lie group. The field ϕ represents a (D-1)-simplex and the 

interaction a D-simplex made of D+1 (D-1)-simplexes. Thus, its partition function defines a non-
perturbative sum over all simplexes.[4]

 Randomly Connected Tensor Networks(RCTN)

Our work is a QG analogue:
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 Model

Hamiltonian:

where a† anda are creation and annihilation operators, and tensor P andQ:



P jk
i
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†

,
P*
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†
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†

ai



with cubic interactions.
Hilbert space with Fock basis and the physical state: 
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 Physical Intuition:
Tensors at each vertex and sum over all connections:

"H|ψ〉≠0:"

"There are annihilation operator that acts on creation operator of itself.",

"However, what if we put constraint:" ":H|ψ〉=0"

Classical geometry emerges on the boundary.
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 Constraint

Imposing Wheeler-Dewitt equation:

Different choices of tensor give different physical states. The intuition symmetry group(related with 

space-time) we have in mind is SO(m-1):

We have assumed P is a real and positive tensor with the 1st. direction special. Furthermore, we set:

for comparison and others to 0. The symmetry reduces independent tensor components.
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 Assumptions:

 The initial state was chosen such that |2,0,0,...,0〉th.=1, otherwise the emergence is not obvious.

 The symmetry we choose is S1, the emergence is also not obvious if not.

 The constraint equation gives physical states.

  Solution:

 The physical state |ψ〉 does not have a simple general solution, so this motivates us to impose 

symmetry directly on it such that: 

 With 

(-1)^(n/2+m) and normalization factors.

 The 1st. order solution of PDE: 

.

 We expect that 2nd. order the large-m,n analytic continuous solution: 

, which 

describes propagation behaviours.
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 An Analogy of Emergence

a† anda decide whether this index’s direction exists or not, while P andQ measure the size in this index 

direction after interactions.

What observable implies the model we consider with a larger size?

 ,  

The probability that the wavefunction of the initial state |ini〉 falls on the cutoff boundary 〈fin| after 
being projected onto the 0-energy subspace.
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So the 0-energy subspace is distributed and converged in the internal region without boundary 

influence as n increases.

 ,  

The expectation value of the total particle number operator 〈N〉 in the 0-energy subspace. So the 

effective size of the model becomes larger as n increases.

 the effective running dimension deff =
Log[〈N〉]
Log[N]

∼ 0.4.
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 Symmetry S1 vs. S2 Comparison
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 Result

 Correlation Functions

 1-point of the operator :

 ,  

A density operator of number states and describes a quantum system under the certain particle
number distribution with the coordinate (n1, n2 + n3).

If we interpreted n1 as the time direction:

i
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 2-point of the operator :

Ou t [ ] =

 ,

 , , ,

, , ,

, , ,

, , 

 4-point of the operator:
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Ou t [ ] =

 ,

 , , ,

, , ,

, , ,

, , 

Exciting a source at 10 in the initial state, evolving by the propagating 0-energy operator K, and finally 

detecting the amplitude of the excitation at n: a source starts from 10, arrives at n with self-interaction, 
and then returns to 10.
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Ou t [ ] =

i

 , 
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 Summing over n1 and to see diagonal structures of (n2, n3) where n2 + n3 is fixed.


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
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 Perturbation Influence

 ,  : "It seems no difference",

 , "Source influence:〈n1〉s-〈n1〉",


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 Outlook and Summary

 First of all, discrete and numerical indexes are too small to say anything about analytic and continuous 

them definitely. But it gives us some implications.

 Then, there are lots of assumptions, we still have no idea the reason behind them. A direct 
generalization is to consider more general complex tensor components.

 We expect that the max peak would disappear after different correlations with the source(after n1 > 10 

on above graphs).

 Moreover, RCTN may serve as a useful framework for understanding how classical space-time or 
causality structures can emerge macroscopically from microscopic quantum states and the space-time 

structure prefers tensor models with symmetric instead of random components specially.

 At last, the analytic continuous solution may have interesting propagation behaviours at large-m,n.
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Thank you!
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