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ProloguePrologue

<<Consider a very large spin network formed by 
a very large number of nodes and links, each of 
Planck scale. Microscopically, it is a Planckian 
size lattice. But probed at a macroscopic scale, it 
appears as a three-dimensional continuous metric 
geometry. Physical space around us can 
therefore be described as a very fine weave.>>

(C. Rovelli – Quantum Gravity. CUP, 2004, p. 268)



ProloguePrologue

<<There is no reason for the physical state of 
space not to be in a generic state, and the 
generic quantum state that has this macroscopic 
property is not a weave state: it is a quantum 
superposition of weave states.>>

(C. Rovelli – Quantum Gravity. CUP, 2004, p. 271)



ProloguePrologue

<<Therefore the picture of physical space 
suggested [is that of] a quantum probabilistic 
cloud of lattices.>>

(C. Rovelli – Quantum Gravity. CUP, 2004, p. 271)



OutlineOutline

● Bohmian Mechanics
● Canonical Quantum Gravity
● Discrete Bohmian Gravity



Bohmian MechanicsBohmian Mechanics

● Bohmian Mechanics (BM) is the simplest non-
trivial Galilean-invariant theory of moving point-
like particles.

● The fundamental beables of this theory are 
particles' positions in classical space. The 
configuration of a N-particle system is:

● The temporal evolution of such configuration is 
“choreographed” by a universal wave-function:



Bohmian MechanicsBohmian Mechanics

● The Bohmian dynamics is given by

● The guiding equation for the k-th particle reads



Bohmian MechanicsBohmian Mechanics

● BM is a deterministic theory of local beables 
(particles, positions). However, its dynamics is 
non-local. This fact is in agreement with the 
experimentally observed violations of Bell's 
inequalities.

● Quantum Equilibrium Hypothesis. For an 
ensemble of identical systems, each having the 
wave function     the typical empirical 
distribution of the configurations of the particles 
is given approximately by         . In short, Born’s 
statistical law holds.



Bohmian MechanicsBohmian Mechanics

● Problem: What is the ontological status of the 
wave function in BM?

● Reply: It is a causal  property essentially born 
by the particles' configuration as a whole.



The “Canonical Rite”The “Canonical Rite”

● Cast general relativity in Hamiltonian form.
● Replace the phase space of the theory with the 

(Hilbert) space of complex functions on the 
configuration space which are square-
integrable with respect to some physically 
relevant measure.

● Replace canonical variables and algebra with 
the quantum counterparts.



Canonical Quantum GravityCanonical Quantum Gravity

● Geometrodynamics:

● Connection dynamics:



Canonical Quantum GravityCanonical Quantum Gravity

● Problem(s) of spacetime: How can “classical” 
large-scale spacetime emerge from quantum 
geometrical interferences and fluctuations at 
the Planck scale?

● Problem of perennials: The theory's 
observables are timeless and non-local.

● Problem of universal quantum states: How to 
interpret the universal wave function?



Discrete Bohmian GravityDiscrete Bohmian Gravity

● Discrete primitive ontology: configurations of 
atoms of space arranged through a 
“companionship” relation (pictorially: graphs).

● Atoms of space are consubstantial  with space 
(exactly as material atoms/matter).

● The companionship relation is ontologically 
prior to any metric relation.

● Atoms of space plus companionship relation 
are local beables in a clear – albeit non-
standard – sense (being “localizations” of 
space rather than being localized in space).



Discrete Bohmian GravityDiscrete Bohmian Gravity

● Fundamental equations of DBG:

● A generic universal quantum-gravitational state 
satisfying the Wheeler-DeWitt equation 
represents the “list of transitions” among all the 
actualizable configurations in a possible world.



Discrete Bohmian GravityDiscrete Bohmian Gravity

● The dynamics is given by simple rules that 
involve “local moves” on graphs.



Discrete Bohmian GravityDiscrete Bohmian Gravity

● The guiding equation describes the order (of 
coming into being) of such configurations.

● This mechanism is consistent with a 
metaphysical interpretation according to which 
each configuration instantiates a collective 
“causal” property.

● In DBG, the guiding equation is not concerned 
with “trajectories” of atoms of space. It just 
assigns to each atom a move such that a 
transition from one configuration to the next 
one is achieved.



DBG and LQGDBG and LQG

● In some circumstances, a configuration of 
atoms of space approximates at large scales a 
smooth 3-geometry.

● In such cases, the physical interpretation of a 
Bohmian configuration is compatible with that 
of a geometric weave in loop quantum gravity.



Discrete Bohmian GravityDiscrete Bohmian Gravity

● Discrete Bohmian gravity addresses the 
conceptual issues that canonical quantum 
gravity inherits from standard quantum 
mechanics.

● DBG defuses the potential issues related to the 
timelessness of the Wheeler-DeWitt equation.

● The primitive ontology of the theory is quite 
clear: (1) atoms of space, (2) companionship 
relation, (3) “causal” relation.



Discrete Bohmian GravityDiscrete Bohmian Gravity

● The dynamics of the theory has still to be fully 
implemented.

● Even at this preliminary stage, it is highly 
unlikely that the dynamics will be covariant in a 
general relativistic sense.

● It remains to be spelled out how space and 
spacetime mathematically and physically 
“emerge” in DBG.

● The metaphysical characterization of the notion 
of causation involved still needs to be clarified.
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