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My motivation in giving this talk: 

1. To introduce spin foams – the path integral formulation of loop 

quantum gravity – to this audience enough for them to appreciate 

Jerzy’s contributions. 

2. To go over the issue of the sum over local orientations in spin 

foams and associated questions about correct equations of 

motion in the classical limit.

3. To look for guidance in the original 3D spin-foam model of 

quantum gravity, Ponzano-Regge:

a. A similar sum over local orientations is present, also seeming to lead to 

incorrect equations of motion. 

b. But we know it has the correct equations of motion – flatness. Or do we?

c. Understand this paradox first in order to understand the issue in the 4D 

case. 
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OUTLINE

I. Spin foams: Motivation

II. Derivation of amplitude from idea of Plebanski: Gravity 

as constrained topological field theory.

III. Resulting models: EPRL and generalizations

IV. Contributions of Jerzy and collaborators: To bring the 

covariant and canonical formulations of loop quantum 

gravity closer. 

V. Classical limit of EPRL: Sum over local orientations and 

concern with equations of motion. 

VI. Exactly analogous phenomenon in Ponzano-Regge, where 

equations of motion seem correct. A clear paradox to 

learn from to guide next steps. 3



4

I. Spin foams: Motivation

a. Path integral formulation of loop quantum gravity
b.Desire for manifestly space-time covariant formulation of dynamics (as for all path 

integral approaches)
c. Provides projector onto physical states: Avoid explicitly solving for the full solution to 

the Hamiltonian constraint operator. 

Spin network:

Spin foam:

• Basis of canonical loop quantum 
gravity: Spin networks

• History of elements of this basis: 
Spin foam
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II. Derivation of amplitude from idea of Plebanski: Gravity as 
constrained topological field theory.
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II. Derivation of amplitude from idea of Plebanski: Gravity as 
constrained topological field theory.
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II. Derivation of amplitude from idea of Plebanski: Gravity as 
constrained topological field theory.
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III. Resulting models: EPRL and generalizations
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III. Resulting models: EPRL and generalizations
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IV. Contributions of Jerzy and collaborators: To bring the 
covariant and canonical formulations of loop quantum gravity 
closer. 

• Spin foams and the Warsaw group
o Jerzy started doing research in spin foams after the EPRL and FK models. 
o He invited me to Warsaw in 2007 to give a week of day-long lectures on spin-

foams to the quantum gravity group. I believe he invited other spin foam 
researchers to give similar series of lectures. 

o The Warsaw group – Jurek and others – made many important contributions to 
spin foams, and is still one of the few leading groups in spin-foams. 
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IV. Contributions of Jerzy and collaborators: To bring the 
covariant and canonical formulations of loop quantum gravity 
closer. 

• Kaminski, Kisielowski, and Lewandowski (KKL) generalization:
o EPRL uses simplicial complexes, so that spin-networks in the histories are always 4-valent. In 

canonical LQG, such a restriction is not natural – all valences are allowed. 
o KKL provides a very natural generalization of EPRL to include all cell complexes.
o has been central to spin foam cosmology (Vidotto 2010-2011). 
o Kisielowski, Lewandowski, and Puchta (2011) also developed a diagrammatic approach to spin-

foams that aides with systematically categorizing all spin-foams for given boundary graph, 
allowing the same authors in (2012) to systematically categorize all foams for Vidotto’s dipole 
cosmology boundary states. 

• Kisielowski and Lewandowsk (2018): Derived a spin foam model coupled to a scalar field starting 
from the canonical theory developed by Domagala, Giesel, Kaminksi, and Lewandowski (2010 –
“Gravity quantized” – which Kristina Giesel will talk about in the next talk.)
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V. Classical limit of EPRL: Sum over local orientations and 
concern with equations of motion. 
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V. Classical limit of EPRL: Sum over local orientations and 
concern with equations of motion. 
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From spin to connection formulation: Manifest flatness
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VI. Exactly analogous phenomenon in Ponzano-Regge, 
where equations of motion seem correct. But are they?



Large spin asymptotics: Locally oriented Regge!
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Equations of motion for fixed local orientations: Non-flatness!
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Simplest example: 4-1 Pachner move triangulation
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Equations of motion for fixed local orientations: Non-flatness!
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Flatness or curved spikes? Possible resolutions:
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Both exact flatness and arbitrarily curved spikes?

Contradiction? Resolution?
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Analogous tension in continuum! Perhaps start here!

First order formulation

Second order formulation
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Resolutions?

a) Might resolution to paradox in 3D case also give insight to whether sum over orientations 

in 4D case is a problem? 

b) If it is a problem, should we `force’ one homogeneous orientation? 

i. `Proper’ vertex [Engle, Zipfel 2012-2016], `causal’/`Feynman’ spin-foam propagator 

[Livine, Oriti 2003,2004], possibly related to `causal evolution of spin networks’ 

[Markopoulou, Smolin 1997]. Fixing of time orientation?

ii. Support from requiring projection onto kernel of Constraint operator in LQC [Ashtekar, 

Campiglia, Henderson 2010] and full LQG [Thiemann, Zipfel 2014].

iii. Modification to yield homogeneity of orientation at least in non-degenerate regions 

[Rovelli, Wilson-Ewing 2012]

Thank You!
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Extra Slides
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From spin to connection formulation: Manifest flatness
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The choice in writing signs as exponentials
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Equations of motion for fixed local orientations: Non-flatness!
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