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The causal structure of a 2-complex can be 
encoded by assigning an orientation (a sign) 
either to the edges, or to the wedges, 
satisfying some “causal constraints”. 

Causal constraint
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1. This sum is made over all possible configurations 
of ε assigned to wedges, including both causal and 
non-causal (spurious) configurations.

2. The presence of non-causal histories contributing to 
the amplitude depends on a certain choice of variables. 
Example: compare with standard Regge calculus. [Teitelboim 82’]

[Livine, Oriti 02’]

4. The choice of including the spurious terms or not 
depends on what we want to compute: a projector on 
the physical Hilbert space or a causal propagator?

Feynman propagator: (□+m2) W = δ  
Hadamard function: (□+m2) W = 0 

3. The non-causal configurations are suppressed in 
the semi-classical limit. One could also suppress 
them at the quantum level by restricting the range 
of integration.
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Causal spinfoams 
(EPRL)

Spin-foam amplitude

Causal spinfoam: propagator of spin-networks (time-evolution)
Full EPRL spinfoam: projector on the physical states (Hamiltonian constraint)

For the Barret-Crane model:

“Proper vertex amplitude”

[Livine, Oriti 03’]

[Engle 13’]

[Immirzi, Gupta, Smolin, Markopoulou...]

[Christodoulou, Längvik, Riello, Röken, Rovelli, 13’]

Some spurious terms are divergent.
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● Causality exhausts almost all of the information content of the 
gravitational field (Malament’s theorem).

● Causality can be represented by arrows on the edges of the dual skeleton.

● Causality can also be encoded on the wedges (more variables) provided a 
new “causal constraint” is satisfied.

● This causal constraint can be derived from the equations of motion.

● In the path-integral, one can restrict or not to causal histories only, 
depending on what one wants to compute, a projector or a propagator.

● Same thing with spinfoams. 
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