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• relation to spin foams and tensor models

• power-counting, perturbative & non-perturbative renormalization and Landau-Ginzburg mean-field theory



What is Group Field Theory?
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Group Field Theory
at the confluence of various discrete quantum gravity approaches

LQG

simplicial gravity  
path integrals

matrix models
tensor models

DT/CDT
Spin foam  

models

GFT

(Freidel 2005; Oriti 2006; Krajewski 2011; Carrozza 2012; Carrozza 2016; Carrozza 2024)

3



Group Field Theory
at the confluence of various discrete quantum gravity approaches

LQG
matrix models
tensor models

Spin foam  
models

GFT

(Freidel 2005; Oriti 2006; Krajewski 2011; Carrozza 2012; Carrozza 2016; Carrozza 2024)
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What are spin 
foams?
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Group Field Theory via Spin Foams

What are spin foam models?

‣ provide lattice regularized quantum gravitational path integral

• GFTs are a tentative completion of spin foam models:
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‣ sum over histories definition of quantum dynamics of spacetime



Group Field Theory via Spin Foams

What are spin foam models?

‣ provide lattice regularized quantum gravitational path integral

‣ sum over histories definition of quantum dynamics of spacetime

‣ one quantum history = spin foam (specify complex dressed with algebraic data)

‣ basic component of spin foam model:
‣ quantum amplitude for given complex

<latexit sha1_base64="sAZqUHhHr2nQeUga+ZBv2bHkMFA=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8EiuCozLqo7Ky50WcFeoB1KJs20sbkMSUYopeAjuHGhiFvfxAdw59uYTl1o6w8hH/9/Qs45UcKZsb7/5eWWlldW1/LrhY3Nre2d4u5ew6hUE1oniivdirChnElat8xy2ko0xSLitBkNL6d5855qw5S8taOEhgL3JYsZwdZZjc4VFgJ3iyW/7GdCixD8QOn8I85U6xY/Oz1FUkGlJRwb0w78xIZjrC0jnE4KndTQBJMh7tO2Q4kFNeE463aCjpzTQ7HS7kiLMvf3izEWxoxE5CoFtgMzn03N/7J2auOzcMxkkloqyeyjOOXIKjQdHfWYpsTykQNMNHO9IjLAGhPrFlRwSwjmR16Exkk5qJQrN36pevEAmfJwAIdwDAGcQhWuoQZ1IHAHj/AML57ynrxX721WmvNmN+zDH3nv3xVvkuQ=</latexit>

�
<latexit sha1_base64="eZNxsXpZrtVIMFjV6OKTGc+shyU=">AAACA3icbVA9T8MwEL3wTSkQQCywRFRITFXCUBhbMcAIEqWVmqi6uE6xsJNgOxVVVKkLA3+EhQEErPwJNv4NbsvA15NO9/TeWb57YcqZ0q77YU1Nz8zOzS8sFpaKyyur9tr6hUoySWidJDyRzRAV5Symdc00p81UUhQhp43w6mjkN3pUKpbE57qf0kBgN2YRI6iN1La3fHqdsZ4vUF8S5Hlt0M79YxQCB2275JbdMZy/xPsipermS+nmoXh32rbf/U5CMkFjTTgq1fLcVAc5Ss0Ip4OCnymaIrnCLm0ZGqOgKsjHNwycXaN0nCiRpmLtjNXvL3IUSvVFaCZHu6rf3kj8z2tlOjoMchanmaYxmXwUZdzRiTMKxOkwSYnmfUOQSGZ2dcglSiTaxFYwIXi/T/5LLvbLXqVcOTNp1IYwxgJsww7sgQcHUIUTOIU6EBjCPTzCk3VrPVjP1utkdMqadNiAH7DePgHP1Juj</latexit>

⌘ A�

‣ finite number of degrees of freedom
‣ single + simplicial complex?, triangulation dependence?

• GFTs are a tentative completion of spin foam models:
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Group Field Theory via Spin Foams

‣ provide lattice regularized quantum gravitational path integral

‣ one quantum history = spin foam (specify complex dressed with algebraic data)

‣ need more: 1) set of all quantum amplitudes for all spin foam complexes 
‣ 2) organization principle for amplitudes

What are spin foam models?

• GFTs are a tentative completion of spin foam models:

5

‣ sum over histories definition of quantum dynamics of spacetime



Group Field Theory via Spin Foams

‣ provide lattice regularized quantum gravitational path integral

‣ one quantum history = spin foam (specify complex dressed with algebraic data)

perturbative expansion of GFT = spin foam model with sum over complexes: 
‣ GFT models provide a QFT generating function for spin foam amplitudes

What are spin foam models?

<latexit sha1_base64="Ed3+kdSRRCuDjj73ie2nJtE3jGE="></latexit>

Z =
X

�

�n(�)

sym(�)
A�

amplitude
number of 
verticesGFT coupling

<latexit sha1_base64="9LQUGtpEoeAIMdyrScOMlT29FVw="></latexit>

ZGFT =
X

�

w(�)A�

weights

• GFTs are a tentative completion of spin foam models:
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‣ sum over histories definition of quantum dynamics of spacetime



Group Field Theory via Spin Foams

‣ provide lattice regularized quantum gravitational path integral

‣ one quantum history = spin foam (specify complex dressed with algebraic data)

perturbative expansion of GFT = spin foam model with sum over complexes: 
‣ GFT models provide a QFT generating function for spin foam amplitudes

(details follow)

• consistency: renormalization of amplitudes
• evaluate    = control continuum limit

<latexit sha1_base64="+x2u+SihrfJX9APUtRtE1/8UEBw=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCozLtSdFTcuW7AXbIeSSc+0sZnMkGSEUgru3bhQxK0P4wO4821Mpy609YeQj/8/IeecIBFcG9f9cnJLyyura/n1wsbm1vZOcXevoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh1TRv3qPSPJY3ZpSgH9G+5CFn1Firdtstltyym4ksgvcDpYuPMFO1W/zs9GKWRigNE1Trtucmxh9TZTgTOCl0Uo0JZUPax7ZFSSPU/jhrdEKOrNMjYazskYZk7u8XYxppPYoCWxlRM9Dz2dT8L2unJjz3x1wmqUHJZh+FqSAmJtOpSY8rZEaMLFCmuO2VsAFVlBm7m4Jdgjc/8iI0Tsreafm05pYqlw+QKQ8HcAjH4MEZVOAaqlAHBgiP8Awvzp3z5Lw6b7PSnDO7YR/+yHn/BnhFkM0=</latexit>
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What are spin foam models?
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X
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X
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weights

• GFTs are a tentative completion of spin foam models:
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‣ need more: 1) set of all quantum amplitudes for all spin foam complexes 
‣ 2) organization principle for amplitudes

‣ sum over histories definition of quantum dynamics of spacetime



What are tensor 
models?
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• GFTs are algebraically enriched tensor models:

‣ tensor models: higher dimensional generalization of matrix models

‣ matrix models:
(’t Hooft 1974; Brezin, Itzykson, Parisi, Zuber 1978; David 1985; Ambjorn, 
Durhus, Fröhlich 1985; Di Francesco, Ginsparg, Zinn-Justin 1995;….)

(Ambjorn, Durhuus, Jonsson 1991; Sasakura 1991; Gross 1992)

Group Field Theory via Tensor Models

<latexit sha1_base64="2m4pntyscOoMY0UVgxM4/IBAIl0=">AAACCHicbZA9SwNBEIb34leMX6eWFh4GIRaGOxG1EUQbm4CiMWISw95mEhf39o7dOTEcV9r4V2wsFLH1J9j5b9wkV6jxhYWHd2aYndePBNfoul9Wbmx8YnIqP12YmZ2bX7AXly50GCsGVRaKUF36VIPgEqrIUcBlpIAGvoCaf3vUr9fuQGkeynPsRdAMaFfyDmcUjdWyV6/2G1xiA+Eek3ZaGQKk18nmWamykbbsolt2B3JGwcugSDKdtOzPRjtkcQASmaBa1z03wmZCFXImIC00Yg0RZbe0C3WDkgagm8ngkNRZN07b6YTKPInOwP05kdBA617gm86A4o3+W+ub/9XqMXb2mgmXUYwg2XBRJxYOhk4/FafNFTAUPQOUKW7+6rAbqihDk13BhOD9PXkULrbK3k5553S7eHCYxZEnK2SNlIhHdskBOSYnpEoYeSBP5IW8Wo/Ws/VmvQ9bc1Y2s0x+yfr4BuWHmeY=</latexit>

Z =

Z
dMe�S(M)action: partition function:
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M : N ⇥N Hermitian matrix

<latexit sha1_base64="mS4H1aB69v7Wu4Xg0OS7TaDZ/Es="></latexit>

S(M) =
1

2
trM2 � �

4
NtrM4
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• GFTs are algebraically enriched tensor models:

‣ tensor models: higher dimensional generalization of matrix models

‣ matrix models:
(’t Hooft 1974; Brezin, Itzykson, Parisi, Zuber 1978; David 1985; Ambjorn, 
Durhus, Fröhlich 1985; Di Francesco, Ginsparg, Zinn-Justin 1995;….)

(Ambjorn, Durhuus, Jonsson 1991; Sasakura 1991; Gross 1992)

Group Field Theory via Tensor Models
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M : N ⇥N Hermitian matrix

‣ Feynman graphs are stranded diagrams

‣ dual to tesselations of closed surfaces

‣ due to rigid interplay between combinatorics + global structure of Feynman diagrams

snapshot of a Feynman graph
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Z
dMe�S(M)action: partition function:
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• GFTs are algebraically enriched tensor models:

‣ tensor models: higher dimensional generalization of matrix models

‣ matrix models:
(’t Hooft 1974; Brezin, Itzykson, Parisi, Zuber 1978; David 1985; Ambjorn, 
Durhus, Fröhlich 1985; Di Francesco, Ginsparg, Zinn-Justin 1995;….)

(Ambjorn, Durhuus, Jonsson 1991; Sasakura 1991; Gross 1992)

Group Field Theory via Tensor Models
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M : N ⇥N Hermitian matrix

‣ critical regime/continuum limit: 2d Euclidean (Liouville) quantum gravity
(Miller, Sheffield 2015; Gwynne 2020)

‣ large-N expansion is topological genus expansion
<latexit sha1_base64="J+U1VVQ9vuTkR3PI2RLw9cPCRXo="></latexit>

logZ =
X

�c

�n(�c)

sym(�c)
A�c

!
=

X

g2N0

N2�2gFg(�)

genusamplitude
number of 
vertices

‣ Feynman graphs are stranded diagrams

‣ dual to tesselations of closed surfaces

‣ due to rigid interplay between combinatorics + global structure of Feynman diagrams

snapshot of a Feynman graph

<latexit sha1_base64="2m4pntyscOoMY0UVgxM4/IBAIl0=">AAACCHicbZA9SwNBEIb34leMX6eWFh4GIRaGOxG1EUQbm4CiMWISw95mEhf39o7dOTEcV9r4V2wsFLH1J9j5b9wkV6jxhYWHd2aYndePBNfoul9Wbmx8YnIqP12YmZ2bX7AXly50GCsGVRaKUF36VIPgEqrIUcBlpIAGvoCaf3vUr9fuQGkeynPsRdAMaFfyDmcUjdWyV6/2G1xiA+Eek3ZaGQKk18nmWamykbbsolt2B3JGwcugSDKdtOzPRjtkcQASmaBa1z03wmZCFXImIC00Yg0RZbe0C3WDkgagm8ngkNRZN07b6YTKPInOwP05kdBA617gm86A4o3+W+ub/9XqMXb2mgmXUYwg2XBRJxYOhk4/FafNFTAUPQOUKW7+6rAbqihDk13BhOD9PXkULrbK3k5553S7eHCYxZEnK2SNlIhHdskBOSYnpEoYeSBP5IW8Wo/Ws/VmvQ9bc1Y2s0x+yfr4BuWHmeY=</latexit>

Z =

Z
dMe�S(M)action: partition function:

<latexit sha1_base64="mS4H1aB69v7Wu4Xg0OS7TaDZ/Es="></latexit>

S(M) =
1

2
trM2 � �

4
NtrM4
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• colored tensor models:

‣ colorization to ensure nice global properties like manifold structure

Group Field Theory via Tensor Models

(Gurau 2011)

<latexit sha1_base64="LpFdqmYRR7fw1s8ZxHfLZ6O9x74=">AAACHHicbVDJSgNBFOxxjXGLevTSGAQPYZhRiSIIQS+eRMFoIBs9nZekSc9C9xsxDMl/ePFXvHhQxIsHwb+xsxw0saChqLd0vfIiKTQ6zrc1Mzs3v7CYWkovr6yurWc2Nm91GCsORR7KUJU8pkGKAIooUEIpUsB8T8Kd1zkf1O/uQWkRBjfYjaDqs1YgmoIzNFI9c3BT4yf9y1pSQeGDpqqX61cQHjAZ7oYGRQh0OJD5qZOzbTun6pmsYztD0GnijkmWjHFVz3xWGiGPfQiQS6Z12XUirCZMoeASeulKrCFivMNaUDY0YMZJdWSgR3eN0qDNUJkXIB2qvycS5mvd9T3T6TNs68naQPyvVo6xeVxNRBDF5kQ++qgZS4ohHSRFG0IBR9k1hHEljFfK20wxjibPtAnBnTx5mtzu227ezl8fZgtn4zhSZJvskD3ikiNSIBfkihQJJ4/kmbySN+vJerHerY9R64w1ntkif2B9/QA13qFp</latexit>

T c : N⇥r, colored tensor, c = 0, ..., r

<latexit sha1_base64="cqRbhvEphRNkAl0i1HN4TbLrJqI="></latexit>

S(T c, T̄ c) =
rX

c=0

X

a0,...,ar

T c
a1...ar

T̄ c
a1...ar

� �

Nr(r�1)/4

X

{acc0 ,c<c0}

rY

c=0

T c
ac

+ c.c.
<latexit sha1_base64="2kRxPQIS0saEH6rB+O9OXkZxkKA="></latexit>

ac = (acc�1, ..., ac0, acr+1, ..., acc+1), acc0 ⌘ ac0c
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• colored tensor models:

‣ colorization to ensure nice global properties like manifold structure

Group Field Theory via Tensor Models

(Gurau 2011)

<latexit sha1_base64="LpFdqmYRR7fw1s8ZxHfLZ6O9x74=">AAACHHicbVDJSgNBFOxxjXGLevTSGAQPYZhRiSIIQS+eRMFoIBs9nZekSc9C9xsxDMl/ePFXvHhQxIsHwb+xsxw0saChqLd0vfIiKTQ6zrc1Mzs3v7CYWkovr6yurWc2Nm91GCsORR7KUJU8pkGKAIooUEIpUsB8T8Kd1zkf1O/uQWkRBjfYjaDqs1YgmoIzNFI9c3BT4yf9y1pSQeGDpqqX61cQHjAZ7oYGRQh0OJD5qZOzbTun6pmsYztD0GnijkmWjHFVz3xWGiGPfQiQS6Z12XUirCZMoeASeulKrCFivMNaUDY0YMZJdWSgR3eN0qDNUJkXIB2qvycS5mvd9T3T6TNs68naQPyvVo6xeVxNRBDF5kQ++qgZS4ohHSRFG0IBR9k1hHEljFfK20wxjibPtAnBnTx5mtzu227ezl8fZgtn4zhSZJvskD3ikiNSIBfkihQJJ4/kmbySN+vJerHerY9R64w1ntkif2B9/QA13qFp</latexit>

T c : N⇥r, colored tensor, c = 0, ..., r

<latexit sha1_base64="i/6f+2dg893ZSAIV7cohv98wYAc=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXRmLiibTYoEcSLx4x4SsBbLbLFjZst83uVkMq/BMvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyoVLb9beQ2Nre2d/K7hb39g8Mjs3jcklEiMGniiEWi4yNJGOWkqahipBMLgkKfkbY/vpn77QciJI14Q01i0g/RkNOAYqS05JnFxr3rpe7lzK3MXGfm2lPPLNllewFrnTgZKUGGumd+9QYRTkLCFWZIyq5jx6qfIqEoZmRa6CWSxAiP0ZB0NeUoJLKfLk6fWudaGVhBJHRxZS3U3xMpCqWchL7uDJEayVVvLv7ndRMVXPdTyuNEEY6Xi4KEWSqy5jlYAyoIVmyiCcKC6lstPEICYaXTKugQnNWX10mrUnaq5eqdW6q5WRx5OIUzuAAHrqAGt1CHJmB4hGd4hTfjyXgx3o2PZWvOyGZO4A+Mzx8q1pKf</latexit>

T 4
43 42 41 40

<latexit sha1_base64="i/6f+2dg893ZSAIV7cohv98wYAc=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXRmLiibTYoEcSLx4x4SsBbLbLFjZst83uVkMq/BMvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyoVLb9beQ2Nre2d/K7hb39g8Mjs3jcklEiMGniiEWi4yNJGOWkqahipBMLgkKfkbY/vpn77QciJI14Q01i0g/RkNOAYqS05JnFxr3rpe7lzK3MXGfm2lPPLNllewFrnTgZKUGGumd+9QYRTkLCFWZIyq5jx6qfIqEoZmRa6CWSxAiP0ZB0NeUoJLKfLk6fWudaGVhBJHRxZS3U3xMpCqWchL7uDJEayVVvLv7ndRMVXPdTyuNEEY6Xi4KEWSqy5jlYAyoIVmyiCcKC6lstPEICYaXTKugQnNWX10mrUnaq5eqdW6q5WRx5OIUzuAAHrqAGt1CHJmB4hGd4hTfjyXgx3o2PZWvOyGZO4A+Mzx8q1pKf</latexit>

T 4
43 42 41 40

<latexit sha1_base64="bbI+M9WEfQmfdcZEhtAZMn/NvtQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0i0VI8FLx6rWFtoQ9lsJ+3SzSbsboRS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MBVcG8/7dgpr6xubW8Xt0s7u3v5B+fDoUSeZYthkiUhUO6QaBZfYNNwIbKcKaRwKbIWjm5nfekKleSIfzDjFIKYDySPOqLHSffWyV654rjcHWSV+TiqQo9Erf3X7CctilIYJqnXH91ITTKgynAmclrqZxpSyER1gx1JJY9TBZH7plJxZpU+iRNmShszV3xMTGms9jkPbGVMz1MveTPzP62Qmug4mXKaZQckWi6JMEJOQ2dukzxUyI8aWUKa4vZWwIVWUGRtOyYbgL7+8Sh4vXL/m1u6qlbqbx1GEEziFc/DhCupwCw1oAoMInuEV3pyR8+K8Ox+L1oKTzxzDHzifP+8bjOw=</latexit>

43

<latexit sha1_base64="bbI+M9WEfQmfdcZEhtAZMn/NvtQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0i0VI8FLx6rWFtoQ9lsJ+3SzSbsboRS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MBVcG8/7dgpr6xubW8Xt0s7u3v5B+fDoUSeZYthkiUhUO6QaBZfYNNwIbKcKaRwKbIWjm5nfekKleSIfzDjFIKYDySPOqLHSffWyV654rjcHWSV+TiqQo9Erf3X7CctilIYJqnXH91ITTKgynAmclrqZxpSyER1gx1JJY9TBZH7plJxZpU+iRNmShszV3xMTGms9jkPbGVMz1MveTPzP62Qmug4mXKaZQckWi6JMEJOQ2dukzxUyI8aWUKa4vZWwIVWUGRtOyYbgL7+8Sh4vXL/m1u6qlbqbx1GEEziFc/DhCupwCw1oAoMInuEV3pyR8+K8Ox+L1oKTzxzDHzifP+8bjOw=</latexit>

43

<latexit sha1_base64="7Fh/So99XdfJT+zVvygvpDBocFg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hKqR4LXjxWsbXQhrLZbtqlm03YnQil9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5YSqFQc/7dgobm1vbO8Xd0t7+weFR+fikbZJMM95iiUx0J6SGS6F4CwVK3kk1p3Eo+WM4vpn7j09cG5GoB5ykPIjpUIlIMIpWuq9V++WK53oLkHXi56QCOZr98ldvkLAs5gqZpMZ0fS/FYEo1Cib5rNTLDE8pG9Mh71qqaMxNMF1cOiMXVhmQKNG2FJKF+ntiSmNjJnFoO2OKI7PqzcX/vG6G0XUwFSrNkCu2XBRlkmBC5m+TgdCcoZxYQpkW9lbCRlRThjackg3BX315nbSrrl9363e1SsPN4yjCGZzDJfhwBQ24hSa0gEEEz/AKb87YeXHenY9la8HJZ07hD5zPH+2XjOs=</latexit>

42

<latexit sha1_base64="wfonao/v5zw7dYAw10wLYEdM0RA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzVvUK64VXcBsk68nFQgR3NQ/uoPY5ZGXCGT1Jie5yboZ1SjYJLPSv3U8ISyCR3xnqWKRtz42eLSGbmwypCEsbalkCzU3xMZjYyZRoHtjCiOzao3F//zeimGN34mVJIiV2y5KEwlwZjM3yZDoTlDObWEMi3srYSNqaYMbTglG4K3+vI6aV9VvXq1fl+rNKp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5A+wTjOo=</latexit>

41

<latexit sha1_base64="7Fh/So99XdfJT+zVvygvpDBocFg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hKqR4LXjxWsbXQhrLZbtqlm03YnQil9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5YSqFQc/7dgobm1vbO8Xd0t7+weFR+fikbZJMM95iiUx0J6SGS6F4CwVK3kk1p3Eo+WM4vpn7j09cG5GoB5ykPIjpUIlIMIpWuq9V++WK53oLkHXi56QCOZr98ldvkLAs5gqZpMZ0fS/FYEo1Cib5rNTLDE8pG9Mh71qqaMxNMF1cOiMXVhmQKNG2FJKF+ntiSmNjJnFoO2OKI7PqzcX/vG6G0XUwFSrNkCu2XBRlkmBC5m+TgdCcoZxYQpkW9lbCRlRThjackg3BX315nbSrrl9363e1SsPN4yjCGZzDJfhwBQ24hSa0gEEEz/AKb87YeXHenY9la8HJZ07hD5zPH+2XjOs=</latexit>

42

<latexit sha1_base64="wfonao/v5zw7dYAw10wLYEdM0RA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzVvUK64VXcBsk68nFQgR3NQ/uoPY5ZGXCGT1Jie5yboZ1SjYJLPSv3U8ISyCR3xnqWKRtz42eLSGbmwypCEsbalkCzU3xMZjYyZRoHtjCiOzao3F//zeimGN34mVJIiV2y5KEwlwZjM3yZDoTlDObWEMi3srYSNqaYMbTglG4K3+vI6aV9VvXq1fl+rNKp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5A+wTjOo=</latexit>

41

<latexit sha1_base64="D+rXSEPly3VSVsSZOePK9IQLIfc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzV3UK64VXcBsk68nFQgR3NQ/uoPY5ZGXCGT1Jie5yboZ1SjYJLPSv3U8ISyCR3xnqWKRtz42eLSGbmwypCEsbalkCzU3xMZjYyZRoHtjCiOzao3F//zeimGN34mVJIiV2y5KEwlwZjM3yZDoTlDObWEMi3srYSNqaYMbTglG4K3+vI6aV9VvXq1fl+rNKp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5A+qPjOk=</latexit>

40

<latexit sha1_base64="D+rXSEPly3VSVsSZOePK9IQLIfc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzV3UK64VXcBsk68nFQgR3NQ/uoPY5ZGXCGT1Jie5yboZ1SjYJLPSv3U8ISyCR3xnqWKRtz42eLSGbmwypCEsbalkCzU3xMZjYyZRoHtjCiOzao3F//zeimGN34mVJIiV2y5KEwlwZjM3yZDoTlDObWEMi3srYSNqaYMbTglG4K3+vI6aV9VvXq1fl+rNKp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5A+qPjOk=</latexit>

40

<latexit sha1_base64="yKRo6wNPVtQvjahoD4XKe4j8D6A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4j5gXJGmYnvcmQ2dllZlYIIZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfmtJ1Sax7Juxgn6ER1IHnJGjZUe6o+XvWLJLbtzkFXiZaQEGWq94le3H7M0QmmYoFp3PDcx/oQqw5nAaaGbakwoG9EBdiyVNELtT+anTsmZVfokjJUtachc/T0xoZHW4yiwnRE1Q73szcT/vE5qwmt/wmWSGpRssShMBTExmf1N+lwhM2JsCWWK21sJG1JFmbHpFGwI3vLLq6R5UfYq5cr9Zal6k8WRhxM4hXPw4AqqcAc1aACDATzDK7w5wnlx3p2PRWvOyWaO4Q+czx/bYo2J</latexit>

T 4
<latexit sha1_base64="DxWaH3pMAvmecS/Me++zgJIr8fk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqRI9BLx4j5gXJGmYns8mQ2dllplcIIZ/gxYMiXv0ib/6Nk2QPGi1oKKq66e4KEikMuu6Xk1tZXVvfyG8WtrZ3dveK+wdNE6ea8QaLZazbATVcCsUbKFDydqI5jQLJW8HoZua3Hrk2IlZ1HCfcj+hAiVAwila6rz+c94olt+zOQf4SLyMlyFDrFT+7/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRSNu/Mn81Ck5sUqfhLG2pZDM1Z8TExoZM44C2xlRHJplbyb+53VSDK/8iVBJilyxxaIwlQRjMvub9IXmDOXYEsq0sLcSNqSaMrTpFGwI3vLLf0nzrOxVypW7i1L1OosjD0dwDKfgwSVU4RZq0AAGA3iCF3h1pPPsvDnvi9ack80cwi84H9/Z3o2I</latexit>

T 3

<latexit sha1_base64="uvAlzyIMgHGKxviDe9qBUbyNBlo=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WPQi8eIeUGyhtlJbzJkdnaZmRVCyCd48aCIV7/Im3/jJNmDJhY0FFXddHcFieDauO63s7a+sbm1ndvJ7+7tHxwWjo6bOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzvzWEyrNY1k34wT9iA4kDzmjxkoP9cdyr1B0S+4cZJV4GSlChlqv8NXtxyyNUBomqNYdz02MP6HKcCZwmu+mGhPKRnSAHUsljVD7k/mpU3JulT4JY2VLGjJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8NqfcJmkBiVbLApTQUxMZn+TPlfIjBhbQpni9lbChlRRZmw6eRuCt/zyKmmWS16lVLm/LFZvsjhycApncAEeXEEV7qAGDWAwgGd4hTdHOC/Ou/OxaF1zspkT+APn8wfYWo2H</latexit>

T 2

<latexit sha1_base64="3wqQe69oNRJ3q8a7Vzpe9IPENlg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4j5gXJGmYnvcmQ2dllZlYIIZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfmtJ1Sax7Juxgn6ER1IHnJGjZUe6o9er1hyy+4cZJV4GSlBhlqv+NXtxyyNUBomqNYdz02MP6HKcCZwWuimGhPKRnSAHUsljVD7k/mpU3JmlT4JY2VLGjJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8NqfcJmkBiVbLApTQUxMZn+TPlfIjBhbQpni9lbChlRRZmw6BRuCt/zyKmlelL1KuXJ/WareZHHk4QRO4Rw8uIIq3EENGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8wfW1o2G</latexit>

T 1

<latexit sha1_base64="gZsD4n9VN2/+ZL5Lr3+e1I4ITRw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4j5gXJGmYnvcmQ2dllZlYIIZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfmtJ1Sax7Juxgn6ER1IHnJGjZUe6o9ur1hyy+4cZJV4GSlBhlqv+NXtxyyNUBomqNYdz02MP6HKcCZwWuimGhPKRnSAHUsljVD7k/mpU3JmlT4JY2VLGjJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8NqfcJmkBiVbLApTQUxMZn+TPlfIjBhbQpni9lbChlRRZmw6BRuCt/zyKmlelL1KuXJ/WareZHHk4QRO4Rw8uIIq3EENGsBgAM/wCm+OcF6cd+dj0Zpzsplj+APn8wfVUo2F</latexit>

T 0

<latexit sha1_base64="tLgecNIoaIS/MbTdupsQcTa0w3M=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix48VjBfkAbymY7adduduPuplBC/4MXD4p49f9489+4bXPQ1gcDj/dmmJkXJpxp43nfztr6xubWdmGnuLu3f3BYOjpuapkqig0quVTtkGjkTGDDMMOxnSgkccixFY5uZ35rjEozKR7MJMEgJgPBIkaJsVKzi08pG/dKZa/izeGuEj8nZchR75W+un1J0xiFoZxo3fG9xAQZUYZRjtNiN9WYEDoiA+xYKkiMOsjm107dc6v03UgqW8K4c/X3REZirSdxaDtjYoZ62ZuJ/3md1EQ3QcZEkhoUdLEoSrlrpDt73e0zhdTwiSWEKmZvdemQKEKNDahoQ/CXX14lzcuKX61U76/KtUoeRwFO4QwuwIdrqMEd1KEBFB7hGV7hzZHOi/PufCxa15x85gT+wPn8Ab/JjzM=</latexit>⌘

<latexit sha1_base64="DmIvecD0HO11SXUp8z5rHMHQFXo=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8lUSk6q3gxWOFfmEbymY7aZduNnF3Uyih/RVePCji1X/jzX/jts1BWx8MPN6bYWaeH3OmtON8W2vrG5tb27md/O7e/sFh4ei4oaJEUqzTiEey5ROFnAmsa6Y5tmKJJPQ5Nv3h3cxvjlAqFomaHsfohaQvWMAo0UZ6rE2n0w4+JWzULRSdkjOHvUrcjBQhQ7Vb+Or0IpqEKDTlRKm268TaS4nUjHKc5DuJwpjQIelj21BBQlReOr94Yp8bpWcHkTQltD1Xf0+kJFRqHPqmMyR6oJa9mfif1050cOOlTMSJRkEXi4KE2zqyZ+/bPSaRaj42hFDJzK02HRBJqDYh5U0I7vLLq6RxWXLLpfLDVbFym8WRg1M4gwtw4RoqcA9VqAMFAc/wCm+Wsl6sd+tj0bpmZTMn8AfW5w8gmpE0</latexit>

T ⌘

<latexit sha1_base64="+rtMzJat/jEOTTZXhbYNP6BxT5g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKiHoQAl48RjQPSJYwO5lNhszOLjO9Qgj5BC8eFPHqF3nzb5wke9DEgoaiqpvuriCRwqDrfju5tfWNza38dmFnd2//oHh41DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG5nfuuJayNi9YjjhPsRHSgRCkbRSg/6ptIrltyyOwdZJV5GSpCh3it+dfsxSyOukElqTMdzE/QnVKNgkk8L3dTwhLIRHfCOpYpG3PiT+alTcmaVPgljbUshmau/JyY0MmYcBbYzojg0y95M/M/rpBhe+ROhkhS5YotFYSoJxmT2N+kLzRnKsSWUaWFvJWxINWVo0ynYELzll1dJ86LsVcvV+0qpdp3FkYcTOIVz8OASanAHdWgAgwE8wyu8OdJ5cd6dj0VrzslmjuEPnM8f1DyNfQ==</latexit>

r = 4
<latexit sha1_base64="Jxica7rv3HhKwS+d+rkDv2Su1d8=">AAAB83icbVDLSgNBEJyJrxhfUY9eBoMiCMuuh6i3gBePEcwDkiXMTmaTIbOzy0yvGJb8hhdBRTwJ/ow3v8GfcPI4aGJBQ1HVTXdXkEhhwHW/cG5peWV1Lb9e2Njc2t4p7u7VTZxqxmsslrFuBtRwKRSvgQDJm4nmNAokbwSDq7HfuOPaiFjdwjDhfkR7SoSCUbBS+7QN/B4y5jBn1CmWXMedgCwSb0ZKFfz+pL6T42qn+NnuxiyNuAImqTEtz03Az6gGwSQfFdqp4QllA9rjLUsVjbjxs8nNI3JklS4JY21LAZmovycyGhkzjALbGVHom3lvLP7ntVIIL/xMqCQFrth0UZhKAjEZB0C6QnMGcmgJZVrYWwnrU00Z2JgKNgRv/uVFUj9zvLJTvrFpXKIp8ugAHaIT5KFzVEHXqIpqiKEEPaBn9IJT/Ihf8du0NYdnM/voD/DHDzOhlM4=</latexit>

+c.c.

<latexit sha1_base64="yomow36S8ExgdKFfJ+nXwqsZLso="></latexit>

S(T c, T̄ c) =
4X

c=0

X

a0,...,a4

T c
a1a2a3a4

T̄ c
a1a2a3a4

� �

N3

X

all indices

T 0
04030201T

1
10141312T

2
21202424T

3
32313034T

4
43424140

<latexit sha1_base64="cqRbhvEphRNkAl0i1HN4TbLrJqI="></latexit>

S(T c, T̄ c) =
rX

c=0

X

a0,...,ar

T c
a1...ar

T̄ c
a1...ar

� �

Nr(r�1)/4

X

{acc0 ,c<c0}

rY

c=0

T c
ac

+ c.c.
<latexit sha1_base64="2kRxPQIS0saEH6rB+O9OXkZxkKA="></latexit>

ac = (acc�1, ..., ac0, acr+1, ..., acc+1), acc0 ⌘ ac0c

combinatorics of a 4-simplex

tetrahedron

ad hoc

8



• colored tensor models:

‣ colorization to ensure nice global properties like manifold structure

Group Field Theory via Tensor Models

(Gurau 2011)

<latexit sha1_base64="LpFdqmYRR7fw1s8ZxHfLZ6O9x74=">AAACHHicbVDJSgNBFOxxjXGLevTSGAQPYZhRiSIIQS+eRMFoIBs9nZekSc9C9xsxDMl/ePFXvHhQxIsHwb+xsxw0saChqLd0vfIiKTQ6zrc1Mzs3v7CYWkovr6yurWc2Nm91GCsORR7KUJU8pkGKAIooUEIpUsB8T8Kd1zkf1O/uQWkRBjfYjaDqs1YgmoIzNFI9c3BT4yf9y1pSQeGDpqqX61cQHjAZ7oYGRQh0OJD5qZOzbTun6pmsYztD0GnijkmWjHFVz3xWGiGPfQiQS6Z12XUirCZMoeASeulKrCFivMNaUDY0YMZJdWSgR3eN0qDNUJkXIB2qvycS5mvd9T3T6TNs68naQPyvVo6xeVxNRBDF5kQ++qgZS4ohHSRFG0IBR9k1hHEljFfK20wxjibPtAnBnTx5mtzu227ezl8fZgtn4zhSZJvskD3ikiNSIBfkihQJJ4/kmbySN+vJerHerY9R64w1ntkif2B9/QA13qFp</latexit>

T c : N⇥r, colored tensor, c = 0, ..., r

(Gurau 2010; Bonzom, Gurau, Riello, Rivasseau 2011; Gurau, Ryan 2012)
‣ Feyman diagrams are edge-colored graphs with more rigid combinatorics

‣ they are dual to discrete orientable pseudomanifolds
(Ferri, Gagliardi, Grasselli 1986; Gurau, Ryan 2012; Lionni 2018)

8



• colored tensor models:

‣ colorization to ensure nice global properties like manifold structure

Group Field Theory via Tensor Models

(Gurau 2011)

<latexit sha1_base64="LpFdqmYRR7fw1s8ZxHfLZ6O9x74=">AAACHHicbVDJSgNBFOxxjXGLevTSGAQPYZhRiSIIQS+eRMFoIBs9nZekSc9C9xsxDMl/ePFXvHhQxIsHwb+xsxw0saChqLd0vfIiKTQ6zrc1Mzs3v7CYWkovr6yurWc2Nm91GCsORR7KUJU8pkGKAIooUEIpUsB8T8Kd1zkf1O/uQWkRBjfYjaDqs1YgmoIzNFI9c3BT4yf9y1pSQeGDpqqX61cQHjAZ7oYGRQh0OJD5qZOzbTun6pmsYztD0GnijkmWjHFVz3xWGiGPfQiQS6Z12XUirCZMoeASeulKrCFivMNaUDY0YMZJdWSgR3eN0qDNUJkXIB2qvycS5mvd9T3T6TNs68naQPyvVo6xeVxNRBDF5kQ++qgZS4ohHSRFG0IBR9k1hHEljFfK20wxjibPtAnBnTx5mtzu227ezl8fZgtn4zhSZJvskD3ikiNSIBfkihQJJ4/kmbySN+vJerHerY9R64w1ntkif2B9/QA13qFp</latexit>

T c : N⇥r, colored tensor, c = 0, ..., r

(Gurau 2010; Bonzom, Gurau, Riello, Rivasseau 2011; Gurau, Ryan 2012)
‣ Feyman diagrams are edge-colored graphs with more rigid combinatorics

‣ large-N expansion indexed by higher-dim. analogue of genus
(Gurau 2011; Gurau, Rivasseau 2011; Gurau 2012)

‣ dominated by melonic diagrams (=triangulation of r-spheres) (Bonzom, Gurau, Riello, Rivasseau 2011)

<latexit sha1_base64="xahftGsM6rFswdWCBPzKa6Y1knA="></latexit>

logZ =
X

!2N0

Nr� 2
(r�1)!!F!(��̄)

<latexit sha1_base64="a9izXnT04uGjTjnMwqznoBox0vU="></latexit>

Z =

Z Y

c

�
dT cdT̄ c

�
e�S(T c,T̄ c)

Gurau degree

‣ they are dual to discrete orientable pseudomanifolds
(Ferri, Gagliardi, Grasselli 1986; Gurau, Ryan 2012; Lionni 2018)

8
open melon closed chain of melonsclosed 2-melon melon



• colored tensor models:

‣ colorization to ensure nice global properties like manifold structure

Group Field Theory via Tensor Models

(Gurau 2011)

<latexit sha1_base64="LpFdqmYRR7fw1s8ZxHfLZ6O9x74=">AAACHHicbVDJSgNBFOxxjXGLevTSGAQPYZhRiSIIQS+eRMFoIBs9nZekSc9C9xsxDMl/ePFXvHhQxIsHwb+xsxw0saChqLd0vfIiKTQ6zrc1Mzs3v7CYWkovr6yurWc2Nm91GCsORR7KUJU8pkGKAIooUEIpUsB8T8Kd1zkf1O/uQWkRBjfYjaDqs1YgmoIzNFI9c3BT4yf9y1pSQeGDpqqX61cQHjAZ7oYGRQh0OJD5qZOzbTun6pmsYztD0GnijkmWjHFVz3xWGiGPfQiQS6Z12XUirCZMoeASeulKrCFivMNaUDY0YMZJdWSgR3eN0qDNUJkXIB2qvycS5mvd9T3T6TNs68naQPyvVo6xeVxNRBDF5kQ++qgZS4ohHSRFG0IBR9k1hHEljFfK20wxjibPtAnBnTx5mtzu227ezl8fZgtn4zhSZJvskD3ikiNSIBfkihQJJ4/kmbySN+vJerHerY9R64w1ntkif2B9/QA13qFp</latexit>

T c : N⇥r, colored tensor, c = 0, ..., r

(Gurau 2010; Bonzom, Gurau, Riello, Rivasseau 2011; Gurau, Ryan 2012)
‣ Feyman diagrams are edge-colored graphs with more rigid combinatorics

‣ large-N expansion indexed by higher-dim. analogue of genus
(Gurau 2011; Gurau, Rivasseau 2011; Gurau 2012)

‣ dominated by melonic diagrams (=triangulation of r-spheres) (Bonzom, Gurau, Riello, Rivasseau 2011)

<latexit sha1_base64="xahftGsM6rFswdWCBPzKa6Y1knA="></latexit>

logZ =
X

!2N0

Nr� 2
(r�1)!!F!(��̄)

<latexit sha1_base64="a9izXnT04uGjTjnMwqznoBox0vU="></latexit>

Z =

Z Y

c

�
dT cdT̄ c

�
e�S(T c,T̄ c)

Gurau degree

‣ they are dual to discrete orientable pseudomanifolds
(Ferri, Gagliardi, Grasselli 1986; Gurau, Ryan 2012; Lionni 2018)

‣ likewise uncolored (=tensor-invariant) models (Bonzom, Gurau, Rivasseau 2012; Gurau 2017)
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• colored tensor models:

‣ colorization to ensure nice global properties like manifold structure

Group Field Theory via Tensor Models

(Gurau 2011)

<latexit sha1_base64="LpFdqmYRR7fw1s8ZxHfLZ6O9x74=">AAACHHicbVDJSgNBFOxxjXGLevTSGAQPYZhRiSIIQS+eRMFoIBs9nZekSc9C9xsxDMl/ePFXvHhQxIsHwb+xsxw0saChqLd0vfIiKTQ6zrc1Mzs3v7CYWkovr6yurWc2Nm91GCsORR7KUJU8pkGKAIooUEIpUsB8T8Kd1zkf1O/uQWkRBjfYjaDqs1YgmoIzNFI9c3BT4yf9y1pSQeGDpqqX61cQHjAZ7oYGRQh0OJD5qZOzbTun6pmsYztD0GnijkmWjHFVz3xWGiGPfQiQS6Z12XUirCZMoeASeulKrCFivMNaUDY0YMZJdWSgR3eN0qDNUJkXIB2qvycS5mvd9T3T6TNs68naQPyvVo6xeVxNRBDF5kQ++qgZS4ohHSRFG0IBR9k1hHEljFfK20wxjibPtAnBnTx5mtzu227ezl8fZgtn4zhSZJvskD3ikiNSIBfkihQJJ4/kmbySN+vJerHerY9R64w1ntkif2B9/QA13qFp</latexit>

T c : N⇥r, colored tensor, c = 0, ..., r

(Gurau 2010; Bonzom, Gurau, Riello, Rivasseau 2011; Gurau, Ryan 2012)
‣ Feyman diagrams are edge-colored graphs with more rigid combinatorics

‣ continuum limit: (mostly) branched polymer phase for such simple models
(Gurau, Ryan 2014; Bonzom, Gurau, Ryan, Tanasa 2014; Bonzom, Delpouve, Rivasseau 2015; Lionni, Thürigen 2019)

‣ large-N expansion indexed by higher-dim. analogue of genus
(Gurau 2011; Gurau, Rivasseau 2011; Gurau 2012)

‣ dominated by melonic diagrams (=triangulation of r-spheres) (Bonzom, Gurau, Riello, Rivasseau 2011)

<latexit sha1_base64="xahftGsM6rFswdWCBPzKa6Y1knA="></latexit>

logZ =
X

!2N0

Nr� 2
(r�1)!!F!(��̄)

<latexit sha1_base64="a9izXnT04uGjTjnMwqznoBox0vU="></latexit>

Z =

Z Y

c

�
dT cdT̄ c

�
e�S(T c,T̄ c)

Gurau degree

‣ open problem: find non-trivial metric space with dimension > 2

‣ they are dual to discrete orientable pseudomanifolds
(Ferri, Gagliardi, Grasselli 1986; Gurau, Ryan 2012; Lionni 2018)

‣ likewise uncolored (=tensor-invariant) models (Bonzom, Gurau, Rivasseau 2012)

‣ but not every colored triangulation of a sphere is melonic->tree-like structure
8



What is Group Field Theory?
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Group Field Theory

• GFTs as enriched tensor models:

‣ Feynman expansion generates random discrete geometries
• Tensor models:

‣ 1) QFTs of tensor fields living on Lie group

‣ 2) closure condition

‣ 3) specific combinatorial non-local action

<latexit sha1_base64="B0GS0/L7XQsAKiLs0LGBgv8ja0I=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCozLtSdFRe6bMFeoB1KJj3TxmYyQ5IRSim4d+NCEbc+jA/gzrcxnbrQ1h9CPv7/hJxzgkRwbVz3y8ktLa+sruXXCxubW9s7xd29ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGV9O8eY9K81jemlGCfkT7koecUWOt2nW3WHLLbiayCN4PlC4+wkzVbvGz04tZGqE0TFCt256bGH9MleFM4KTQSTUmlA1pH9sWJY1Q++Os0Qk5sk6PhLGyRxqSub9fjGmk9SgKbGVEzUDPZ1Pzv6ydmvDcH3OZpAYlm30UpoKYmEynJj2ukBkxskCZ4rZXwgZUUWbsbgp2Cd78yIvQOCl7p+XTmluqXD5ApjwcwCEcgwdnUIEbqEIdGCA8wjO8OHfOk/PqvM1Kc87shn34I+f9G1t5kLo=</latexit>

G

10



Group Field Theory

• GFTs as enriched tensor models:

‣ Feynman expansion generates random discrete geometries
• Tensor models:

‣ GFTs as tentative completions of spin foam models

Feynman expansion defines lattice gauge theory on a random lattice

‣ 1) QFTs of tensor fields living on Lie group

‣ 2) closure condition

‣ 3) specific combinatorial non-local action

‣ use standard QFT concepts and methods (e.g. renormalization 
and mean-field analysis) to unravel their phase structure and to 
extract physics (e.g. cosmology + black holes)

<latexit sha1_base64="B0GS0/L7XQsAKiLs0LGBgv8ja0I=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCozLtSdFRe6bMFeoB1KJj3TxmYyQ5IRSim4d+NCEbc+jA/gzrcxnbrQ1h9CPv7/hJxzgkRwbVz3y8ktLa+sruXXCxubW9s7xd29ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGV9O8eY9K81jemlGCfkT7koecUWOt2nW3WHLLbiayCN4PlC4+wkzVbvGz04tZGqE0TFCt256bGH9MleFM4KTQSTUmlA1pH9sWJY1Q++Os0Qk5sk6PhLGyRxqSub9fjGmk9SgKbGVEzUDPZ1Pzv6ydmvDcH3OZpAYlm30UpoKYmEynJj2ukBkxskCZ4rZXwgZUUWbsbgp2Cd78yIvQOCl7p+XTmluqXD5ApjwcwCEcgwdnUIEbqEIdGCA8wjO8OHfOk/PqvM1Kc87shn34I+f9G1t5kLo=</latexit>

G

10
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Group Field Theory

• GFTs as enriched tensor models:

‣ Feynman expansion generates random discrete geometries
• Tensor models:

‣ 1) QFTs of tensor fields living on Lie group

<latexit sha1_base64="kKGiVUM8nOukwgtezQB3j6K0p58="></latexit>

parallel transport gI = Pe
R
eI

A
for I = 1, ..., r, link eI , connection A

<latexit sha1_base64="pmvR3EyK5zboSY0Rm/gOTIZPn8c=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyCp7Aroh6DHvTgIYJ5QLKE2UknGTL7YKZXEpb4KV48KOLVH/Hm3zhJ9qCJBQ1FVTfdXX4shUbH+bZyK6tr6xv5zcLW9s7unr1frOsoURxqPJKRavpMgxQh1FCghGasgAW+hIY/vJ76jUdQWkThA45j8ALWD0VPcIZG6tjFNsII0zsBtK+iJJ483XTsklN2ZqDLxM1IiWSoduyvdjfiSQAhcsm0brlOjF7KFAouYVJoJxpixoesDy1DQxaA9tLZ7RN6bJQu7UXKVIh0pv6eSFmg9TjwTWfAcKAXvan4n9dKsHfppSKME4SQzxf1EkkxotMgaFco4CjHhjCuhLmV8gFTjKOJq2BCcBdfXib107J7Xj67PytVrrI48uSQHJET4pILUiG3pEpqhJMReSav5M2aWC/Wu/Uxb81Z2cwB+QPr8wdioZSt</latexit>

Lie group G

<latexit sha1_base64="52mLErs65S3sy+OSjJTlp02wFMU="></latexit>

group field '(g1, ..., gr) : G
r ! R,C, ' 2 L2(Gr)

<latexit sha1_base64="W3w4AdMwU4pN87uOFxXASpIzgeA=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOOsmQ2dl1pjcYlvgbXjwo4tWP8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gbqJEc6jxSEa6GTADUiiooUAJzVgDCwMJjWB4M/UbI9BGROoexzH4Iesr0ROcoZX8NsIjppqp4eRJd4olt+zOQJeJl5ESyVDtFL/a3YgnISjkkhnT8twY/ZRpFFzCpNBODMSMD1kfWpYqFoLx09nRE3pilS7tRdqWQjpTf0+kLDRmHAa2M2Q4MIveVPzPayXYu/JToeIEQfH5ol4iKUZ0mgDtCg0c5dgSxrWwt1I+YJpxtDkVbAje4svLpH5W9i7K53fnpcp1FkeeHJFjcko8ckkq5JZUSY1w8kCeySt5c0bOi/PufMxbc042c0j+wPn8Abbakro=</latexit>

rank r

<latexit sha1_base64="B0GS0/L7XQsAKiLs0LGBgv8ja0I=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCozLtSdFRe6bMFeoB1KJj3TxmYyQ5IRSim4d+NCEbc+jA/gzrcxnbrQ1h9CPv7/hJxzgkRwbVz3y8ktLa+sruXXCxubW9s7xd29ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGV9O8eY9K81jemlGCfkT7koecUWOt2nW3WHLLbiayCN4PlC4+wkzVbvGz04tZGqE0TFCt256bGH9MleFM4KTQSTUmlA1pH9sWJY1Q++Os0Qk5sk6PhLGyRxqSub9fjGmk9SgKbGVEzUDPZ1Pzv6ydmvDcH3OZpAYlm30UpoKYmEynJj2ukBkxskCZ4rZXwgZUUWbsbgp2Cd78yIvQOCl7p+XTmluqXD5ApjwcwCEcgwdnUIEbqEIdGCA8wjO8OHfOk/PqvM1Kc87shn34I+f9G1t5kLo=</latexit>

G
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Group Field Theory

• GFTs as enriched tensor models:

‣ Feynman expansion generates random discrete geometries
• Tensor models:

‣ 1) QFTs of tensor fields living on Lie group

<latexit sha1_base64="kKGiVUM8nOukwgtezQB3j6K0p58="></latexit>

parallel transport gI = Pe
R
eI

A
for I = 1, ..., r, link eI , connection A

<latexit sha1_base64="pmvR3EyK5zboSY0Rm/gOTIZPn8c=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyCp7Aroh6DHvTgIYJ5QLKE2UknGTL7YKZXEpb4KV48KOLVH/Hm3zhJ9qCJBQ1FVTfdXX4shUbH+bZyK6tr6xv5zcLW9s7unr1frOsoURxqPJKRavpMgxQh1FCghGasgAW+hIY/vJ76jUdQWkThA45j8ALWD0VPcIZG6tjFNsII0zsBtK+iJJ483XTsklN2ZqDLxM1IiWSoduyvdjfiSQAhcsm0brlOjF7KFAouYVJoJxpixoesDy1DQxaA9tLZ7RN6bJQu7UXKVIh0pv6eSFmg9TjwTWfAcKAXvan4n9dKsHfppSKME4SQzxf1EkkxotMgaFco4CjHhjCuhLmV8gFTjKOJq2BCcBdfXib107J7Xj67PytVrrI48uSQHJET4pILUiG3pEpqhJMReSav5M2aWC/Wu/Uxb81Z2cwB+QPr8wdioZSt</latexit>

Lie group G

<latexit sha1_base64="52mLErs65S3sy+OSjJTlp02wFMU="></latexit>

group field '(g1, ..., gr) : G
r ! R,C, ' 2 L2(Gr)

<latexit sha1_base64="W3w4AdMwU4pN87uOFxXASpIzgeA=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOOsmQ2dl1pjcYlvgbXjwo4tWP8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gbqJEc6jxSEa6GTADUiiooUAJzVgDCwMJjWB4M/UbI9BGROoexzH4Iesr0ROcoZX8NsIjppqp4eRJd4olt+zOQJeJl5ESyVDtFL/a3YgnISjkkhnT8twY/ZRpFFzCpNBODMSMD1kfWpYqFoLx09nRE3pilS7tRdqWQjpTf0+kLDRmHAa2M2Q4MIveVPzPayXYu/JToeIEQfH5ol4iKUZ0mgDtCg0c5dgSxrWwt1I+YJpxtDkVbAje4svLpH5W9i7K53fnpcp1FkeeHJFjcko8ckkq5JZUSY1w8kCeySt5c0bOi/PufMxbc042c0j+wPn8Abbakro=</latexit>

rank r

dual formulation:

bi-vector/fluxesphase space:
<latexit sha1_base64="HrM7R3aE2QkAbQ4f6e9kuwM6kfc=">AAACEnicbVDLSsNAFJ34rPUVdelmsAjqoiRS1GXRhS4r9AVNWibTSTp0MgkzE6GEfIMbf8WNC0XcunLn3zhps9DWAxcO59zLvfd4MaNSWda3sbS8srq2Xtoob25t7+yae/ttGSUCkxaOWCS6HpKEUU5aiipGurEgKPQY6Xjjm9zvPBAhacSbahITN0QBpz7FSGlpYJ42++lZdttPRebgiAdwRhUNiXRCpEa+QOM0yPpiYFasqjUFXCR2QSqgQGNgfjnDCCch4QozJGXPtmLlpkgoihnJyk4iSYzwGAWkpylHeqWbTl/K4LFWhtCPhC6u4FT9PZGiUMpJ6OnO/Eo57+Xif14vUf6Vm1IeJ4pwPFvkJwyqCOb5wCEVBCs20QRhQfWtEI+QQFjpFMs6BHv+5UXSPq/aF9Xafa1Svy7iKIFDcAROgA0uQR3cgQZoAQwewTN4BW/Gk/FivBsfs9Ylo5g5AH9gfP4AnJGeug==</latexit>

T ⇤Gr ⇠= Gr ⇥ gr
<latexit sha1_base64="Q3Jsf3xM2EDAr8itzRaem+lhbS4="></latexit>

'̃(B1, ..., Br) =

Z
(dg)r'(g1, ..., gr)

rY

I=1

egI (BI)

<latexit sha1_base64="B0GS0/L7XQsAKiLs0LGBgv8ja0I=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCozLtSdFRe6bMFeoB1KJj3TxmYyQ5IRSim4d+NCEbc+jA/gzrcxnbrQ1h9CPv7/hJxzgkRwbVz3y8ktLa+sruXXCxubW9s7xd29ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGV9O8eY9K81jemlGCfkT7koecUWOt2nW3WHLLbiayCN4PlC4+wkzVbvGz04tZGqE0TFCt256bGH9MleFM4KTQSTUmlA1pH9sWJY1Q++Os0Qk5sk6PhLGyRxqSub9fjGmk9SgKbGVEzUDPZ1Pzv6ydmvDcH3OZpAYlm30UpoKYmEynJj2ukBkxskCZ4rZXwgZUUWbsbgp2Cd78yIvQOCl7p+XTmluqXD5ApjwcwCEcgwdnUIEbqEIdGCA8wjO8OHfOk/PqvM1Kc87shn34I+f9G1t5kLo=</latexit>

G

10



Group Field Theory

• GFTs as enriched tensor models:

‣ Feynman expansion generates random discrete geometries
• Tensor models:

‣ 1) QFTs of tensor fields living on Lie group

<latexit sha1_base64="kKGiVUM8nOukwgtezQB3j6K0p58="></latexit>

parallel transport gI = Pe
R
eI

A
for I = 1, ..., r, link eI , connection A

<latexit sha1_base64="pmvR3EyK5zboSY0Rm/gOTIZPn8c=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyCp7Aroh6DHvTgIYJ5QLKE2UknGTL7YKZXEpb4KV48KOLVH/Hm3zhJ9qCJBQ1FVTfdXX4shUbH+bZyK6tr6xv5zcLW9s7unr1frOsoURxqPJKRavpMgxQh1FCghGasgAW+hIY/vJ76jUdQWkThA45j8ALWD0VPcIZG6tjFNsII0zsBtK+iJJ483XTsklN2ZqDLxM1IiWSoduyvdjfiSQAhcsm0brlOjF7KFAouYVJoJxpixoesDy1DQxaA9tLZ7RN6bJQu7UXKVIh0pv6eSFmg9TjwTWfAcKAXvan4n9dKsHfppSKME4SQzxf1EkkxotMgaFco4CjHhjCuhLmV8gFTjKOJq2BCcBdfXib107J7Xj67PytVrrI48uSQHJET4pILUiG3pEpqhJMReSav5M2aWC/Wu/Uxb81Z2cwB+QPr8wdioZSt</latexit>

Lie group G

<latexit sha1_base64="52mLErs65S3sy+OSjJTlp02wFMU="></latexit>

group field '(g1, ..., gr) : G
r ! R,C, ' 2 L2(Gr)

<latexit sha1_base64="W3w4AdMwU4pN87uOFxXASpIzgeA=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOOsmQ2dl1pjcYlvgbXjwo4tWP8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gbqJEc6jxSEa6GTADUiiooUAJzVgDCwMJjWB4M/UbI9BGROoexzH4Iesr0ROcoZX8NsIjppqp4eRJd4olt+zOQJeJl5ESyVDtFL/a3YgnISjkkhnT8twY/ZRpFFzCpNBODMSMD1kfWpYqFoLx09nRE3pilS7tRdqWQjpTf0+kLDRmHAa2M2Q4MIveVPzPayXYu/JToeIEQfH5ol4iKUZ0mgDtCg0c5dgSxrWwt1I+YJpxtDkVbAje4svLpH5W9i7K53fnpcp1FkeeHJFjcko8ckkq5JZUSY1w8kCeySt5c0bOi/PufMxbc042c0j+wPn8Abbakro=</latexit>

rank r

<latexit sha1_base64="AeteKSVTydOeZAh+1GgS/ngZuQ8=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjJtp9ZdqRuXFe0D2qFk0kwbmskMSUYoQz/BjQtF3PpF7vwbM20FFT1w4XDOvdx7jx9zpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT68yv3tPpWKRuNOzmHohHgsWMIK1kW6bQ2dYLCEb1dzKpQuR7SKnXs5I2XUQqkDHRguUwAqtYfF9MIpIElKhCcdK9R0Uay/FUjPC6bwwSBSNMZniMe0bKnBIlZcuTp3DM6OMYBBJU0LDhfp9IsWhUrPQN50h1hP128vEv7x+ooO6lzIRJ5oKslwUJBzqCGZ/wxGTlGg+MwQTycytkEywxESbdAomhK9P4f+kU7adml29qZYazVUceXACTsE5cMAFaIBr0AJtQMAYPIAn8Gxx69F6sV6XrTlrNXMMfsB6+wQTuI2v</latexit>

B1

<latexit sha1_base64="bKV+OiBeLjto1RzW4s6FwUFQDV0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjJtp9ZdqRuXFe0D2qFk0kwbmskMSUYoQz/BjQtF3PpF7vwbM20FFT1w4XDOvdx7jx9zpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT68yv3tPpWKRuNOzmHohHgsWMIK1kW6bw/KwWEI2qrmVSxci20VOvZyRsusgVIGOjRYogRVaw+L7YBSRJKRCE46V6jso1l6KpWaE03lhkCgaYzLFY9o3VOCQKi9dnDqHZ0YZwSCSpoSGC/X7RIpDpWahbzpDrCfqt5eJf3n9RAd1L2UiTjQVZLkoSDjUEcz+hiMmKdF8ZggmkplbIZlgiYk26RRMCF+fwv9Jp2w7Nbt6Uy01mqs48uAEnIJz4IAL0ADXoAXagIAxeABP4Nni1qP1Yr0uW3PWauYY/ID19gkVPI2w</latexit>

B2

<latexit sha1_base64="+KnwbKGpYSiVh1lvs78rMRNf+YU=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjJtp9ZdqRuXFe0D2qFk0kwbmskMSUYoQz/BjQtF3PpF7vwbM20FFT1w4XDOvdx7jx9zpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT68yv3tPpWKRuNOzmHohHgsWMIK1kW6bw8qwWEI2qrmVSxci20VOvZyRsusgVIGOjRYogRVaw+L7YBSRJKRCE46V6jso1l6KpWaE03lhkCgaYzLFY9o3VOCQKi9dnDqHZ0YZwSCSpoSGC/X7RIpDpWahbzpDrCfqt5eJf3n9RAd1L2UiTjQVZLkoSDjUEcz+hiMmKdF8ZggmkplbIZlgiYk26RRMCF+fwv9Jp2w7Nbt6Uy01mqs48uAEnIJz4IAL0ADXoAXagIAxeABP4Nni1qP1Yr0uW3PWauYY/ID19gkWwI2x</latexit>

B3

<latexit sha1_base64="Yp61O18bsWIhauuD45sYvIxSlMM=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjJtp9ZdqRuXFe0D2qFk0kwbmskMSUYoQz/BjQtF3PpF7vwbM20FFT1w4XDOvdx7jx9zpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT68yv3tPpWKRuNOzmHohHgsWMIK1kW6bw+qwWEI2qrmVSxci20VOvZyRsusgVIGOjRYogRVaw+L7YBSRJKRCE46V6jso1l6KpWaE03lhkCgaYzLFY9o3VOCQKi9dnDqHZ0YZwSCSpoSGC/X7RIpDpWahbzpDrCfqt5eJf3n9RAd1L2UiTjQVZLkoSDjUEcz+hiMmKdF8ZggmkplbIZlgiYk26RRMCF+fwv9Jp2w7Nbt6Uy01mqs48uAEnIJz4IAL0ADXoAXagIAxeABP4Nni1qP1Yr0uW3PWauYY/ID19gkYRI2y</latexit>

B4

dual formulation:

bi-vector/fluxesphase space:
<latexit sha1_base64="HrM7R3aE2QkAbQ4f6e9kuwM6kfc=">AAACEnicbVDLSsNAFJ34rPUVdelmsAjqoiRS1GXRhS4r9AVNWibTSTp0MgkzE6GEfIMbf8WNC0XcunLn3zhps9DWAxcO59zLvfd4MaNSWda3sbS8srq2Xtoob25t7+yae/ttGSUCkxaOWCS6HpKEUU5aiipGurEgKPQY6Xjjm9zvPBAhacSbahITN0QBpz7FSGlpYJ42++lZdttPRebgiAdwRhUNiXRCpEa+QOM0yPpiYFasqjUFXCR2QSqgQGNgfjnDCCch4QozJGXPtmLlpkgoihnJyk4iSYzwGAWkpylHeqWbTl/K4LFWhtCPhC6u4FT9PZGiUMpJ6OnO/Eo57+Xif14vUf6Vm1IeJ4pwPFvkJwyqCOb5wCEVBCs20QRhQfWtEI+QQFjpFMs6BHv+5UXSPq/aF9Xafa1Svy7iKIFDcAROgA0uQR3cgQZoAQwewTN4BW/Gk/FivBsfs9Ylo5g5AH9gfP4AnJGeug==</latexit>

T ⇤Gr ⇠= Gr ⇥ gr
<latexit sha1_base64="Q3Jsf3xM2EDAr8itzRaem+lhbS4="></latexit>

'̃(B1, ..., Br) =

Z
(dg)r'(g1, ..., gr)

rY

I=1

egI (BI)

<latexit sha1_base64="HawLrL4IQGSUeFVRwWFoWNdCPwU="></latexit>

'(g1, ..., gr) = '(g1h
�1, ..., grh

�1), 8h 2 G

‣ 2) closure condition <latexit sha1_base64="FOW2ktPepuq3Xc/GU0JEY1sW05o=">AAAB+3icbVC7SgNBFL3rI8b4irG0GQyKVdi1iDaBqCCmi2AekKzL7GSSDJl9MDMrhnXBL7GxUMTWXvAP7PwM/8BJYqGJBy73cM69zJ3jhpxJZZqfxtz8wmJqKb2cWVldW9/IbubqMogEoTUS8EA0XSwpZz6tKaY4bYaCYs/ltOEOTkd+45oKyQL/Ug1Danu457MuI1hpycnm2jLynLhSspIrgU6cSsl0snmzYI6BZon1Q/Lls7fU7df7XtXJfrQ7AYk86ivCsZQtywyVHWOhGOE0ybQjSUNMBrhHW5r62KPSjse3J2hXKx3UDYQuX6Gx+nsjxp6UQ8/Vkx5WfTntjcT/vFakukd2zPwwUtQnk4e6EUcqQKMgUIcJShQfaoKJYPpWRPpYYKJ0XBkdgjX95VlSPyhYxULxQqdxfAdjpGEbdmAfLDiEMpxDFWpA4Abu4RGejMR4MJ6Nl8nonDHpsAV/YLx+A4GGl40=</latexit> rX

I=1

BI = 0
<latexit sha1_base64="QKgGFd/NIw5HMSUkmxTr2NeK/yA=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCozItWNWHHjsqK9QDuUTHqmDc1khiQjlFLwBdy4UMStz+IDuPNtTKcutPpDyMf/n5BzTpAIro3rfjq5hcWl5ZX8amFtfWNzq7i909BxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HKaN+9QaR7LWzNK0I9oX/KQM2qsdaPOjrvFklt2M5G/4H1D6fw9zFTrFj86vZilEUrDBNW67bmJ8cdUGc4ETgqdVGNC2ZD2sW1R0gi1P85anZAD6/RIGCt7pCGZ+/PFmEZaj6LAVkbUDPR8NjX/y9qpCU/9MZdJalCy2UdhKoiJyXRu0uMKmREjC5QpbnslbEAVZcZup2CX4M2P/BcaR2WvUq5cu6XqxT1kysMe7MMheHACVbiCGtSBQR8e4AmeHeE8Oi/O66w058xu2IVfct6+AJLjkWo=</latexit>

r = 4

tetrahedron

<latexit sha1_base64="B0GS0/L7XQsAKiLs0LGBgv8ja0I=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCozLtSdFRe6bMFeoB1KJj3TxmYyQ5IRSim4d+NCEbc+jA/gzrcxnbrQ1h9CPv7/hJxzgkRwbVz3y8ktLa+sruXXCxubW9s7xd29ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGV9O8eY9K81jemlGCfkT7koecUWOt2nW3WHLLbiayCN4PlC4+wkzVbvGz04tZGqE0TFCt256bGH9MleFM4KTQSTUmlA1pH9sWJY1Q++Os0Qk5sk6PhLGyRxqSub9fjGmk9SgKbGVEzUDPZ1Pzv6ydmvDcH3OZpAYlm30UpoKYmEynJj2ukBkxskCZ4rZXwgZUUWbsbgp2Cd78yIvQOCl7p+XTmluqXD5ApjwcwCEcgwdnUIEbqEIdGCA8wjO8OHfOk/PqvM1Kc87shn34I+f9G1t5kLo=</latexit>

G

10



Group Field Theory

• GFTs as enriched tensor models:

‣ Feynman expansion generates random discrete geometries
• Tensor models:

<latexit sha1_base64="8rkH+KzXlA5mWXA48Zf/uTa9Kc4="></latexit>

K : kinetic operator, V : non-linear and non-local interaction term

<latexit sha1_base64="57M1QC64SkAyZQgao70yvwhJFP4="></latexit>

SGFT =

Z
(dg)r'̄(gI)K'(gI) + V['̄(gI),'(gI)]

<latexit sha1_base64="ECzQyKpOV/jCV8dwLCC5ja2An3E="></latexit>

model specified by: G, rank r, K, V and symmetries of '

‣ 1) QFTs of tensor fields living on Lie group

‣ 2) closure condition

‣ 3) specific combinatorial non-local action

<latexit sha1_base64="B0GS0/L7XQsAKiLs0LGBgv8ja0I=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCozLtSdFRe6bMFeoB1KJj3TxmYyQ5IRSim4d+NCEbc+jA/gzrcxnbrQ1h9CPv7/hJxzgkRwbVz3y8ktLa+sruXXCxubW9s7xd29ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGV9O8eY9K81jemlGCfkT7koecUWOt2nW3WHLLbiayCN4PlC4+wkzVbvGz04tZGqE0TFCt256bGH9MleFM4KTQSTUmlA1pH9sWJY1Q++Os0Qk5sk6PhLGyRxqSub9fjGmk9SgKbGVEzUDPZ1Pzv6ydmvDcH3OZpAYlm30UpoKYmEynJj2ukBkxskCZ4rZXwgZUUWbsbgp2Cd78yIvQOCl7p+XTmluqXD5ApjwcwCEcgwdnUIEbqEIdGCA8wjO8OHfOk/PqvM1Kc87shn34I+f9G1t5kLo=</latexit>

G

<latexit sha1_base64="L3N/vzC3RXxdHekyh4E2PIVXn2k="></latexit>

K, V $ {Af , Ae, Av} (amplitudes of respective spin foam model) 

10

(examples on next slide)



Group Field Theory

• GFTs as enriched tensor models:

‣ Feynman expansion generates random discrete geometries
• Tensor models:

‣ 1) QFTs of tensor fields living on Lie group

‣ 2) closure condition

‣ 3) specific combinatorial non-local action

combinatorics of a 3-simplex

<latexit sha1_base64="sIbBg145khlxeJBEcBIjp1sLdEU="></latexit>

S =

Z
(dg)3|'123|2 +

�

4!

Z
(dg)6'123'245'156'364 + c.c.

<latexit sha1_base64="Jtv+h4JtIATqb50v+KM5Z1dXT7I=">AAACEnicbVC7SgNBFL0bXzG+opY2q0FIIITdBKJlxMYygnlANiyzk9lkyOzDmdlAWCL+gY2N/oeNhSK2Vnb5GyePQhMPXO7hnDvMvccJGRXSMMZaYmV1bX0juZna2t7Z3UvvH9RFEHFMajhgAW86SBBGfVKTVDLSDDlBnsNIw+lfTvzGgHBBA/9GDkPS9lDXpy7FSCrJTufyd9YA8bBH7dgslkYWuY3oYC5lu7aZ79pFVaWcnc4YBWMKfZmYc5KpHI+fFJ6rdvrb6gQ48ogvMUNCtEwjlO0YcUkxI6OUFQkSItxHXdJS1EceEe14etJIP1VKR3cDrsqX+lT9/SJGnhBDz1GTHpI9sehNxP+8ViTd83ZM/TCSxMezj9yI6TLQJ/noHcoJlmyoCMKcql113EMcYalSTKkQzMWTl0m9WDDLhfK1SuPiHqZIwhGcQBZMOIMKXEEVaoDhAV7gDd61R+1V+9A+Z6MJbdbhEP5A+/oBbmOhfQ==</latexit>

, '123 ⌘ '(g1, g2, g3)example in 3d:
(Boulatov 1992)

<latexit sha1_base64="B0GS0/L7XQsAKiLs0LGBgv8ja0I=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCozLtSdFRe6bMFeoB1KJj3TxmYyQ5IRSim4d+NCEbc+jA/gzrcxnbrQ1h9CPv7/hJxzgkRwbVz3y8ktLa+sruXXCxubW9s7xd29ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGV9O8eY9K81jemlGCfkT7koecUWOt2nW3WHLLbiayCN4PlC4+wkzVbvGz04tZGqE0TFCt256bGH9MleFM4KTQSTUmlA1pH9sWJY1Q++Os0Qk5sk6PhLGyRxqSub9fjGmk9SgKbGVEzUDPZ1Pzv6ydmvDcH3OZpAYlm30UpoKYmEynJj2ukBkxskCZ4rZXwgZUUWbsbgp2Cd78yIvQOCl7p+XTmluqXD5ApjwcwCEcgwdnUIEbqEIdGCA8wjO8OHfOk/PqvM1Kc87shn34I+f9G1t5kLo=</latexit>

G

10



Group Field Theory

• GFTs as enriched tensor models:

‣ Feynman expansion generates random discrete geometries
• Tensor models:

‣ 1) QFTs of tensor fields living on Lie group

‣ 2) closure condition

‣ 3) specific combinatorial non-local action

example in 3d:

combinatorics of a 3-simplex

example in 4d:
<latexit sha1_base64="dQ+Gya7MrJNBw45Uuu0yByFf9lo="></latexit>

S =

Z
(dg)4|'1234|2 +

�

5!

Z
(dg)10'1234'4567'7389'962(10)'(10)851 + c.c.

combinatorics of a 4-simplex

<latexit sha1_base64="sIbBg145khlxeJBEcBIjp1sLdEU="></latexit>

S =

Z
(dg)3|'123|2 +

�

4!

Z
(dg)6'123'245'156'364 + c.c.

<latexit sha1_base64="Jtv+h4JtIATqb50v+KM5Z1dXT7I=">AAACEnicbVC7SgNBFL0bXzG+opY2q0FIIITdBKJlxMYygnlANiyzk9lkyOzDmdlAWCL+gY2N/oeNhSK2Vnb5GyePQhMPXO7hnDvMvccJGRXSMMZaYmV1bX0juZna2t7Z3UvvH9RFEHFMajhgAW86SBBGfVKTVDLSDDlBnsNIw+lfTvzGgHBBA/9GDkPS9lDXpy7FSCrJTufyd9YA8bBH7dgslkYWuY3oYC5lu7aZ79pFVaWcnc4YBWMKfZmYc5KpHI+fFJ6rdvrb6gQ48ogvMUNCtEwjlO0YcUkxI6OUFQkSItxHXdJS1EceEe14etJIP1VKR3cDrsqX+lT9/SJGnhBDz1GTHpI9sehNxP+8ViTd83ZM/TCSxMezj9yI6TLQJ/noHcoJlmyoCMKcql113EMcYalSTKkQzMWTl0m9WDDLhfK1SuPiHqZIwhGcQBZMOIMKXEEVaoDhAV7gDd61R+1V+9A+Z6MJbdbhEP5A+/oBbmOhfQ==</latexit>

, '123 ⌘ '(g1, g2, g3)

also colored 
versions

(Boulatov 1992)

(Ooguri 1992)

(Gurau 2010; Gurau 2011; 
Gurau, Ryan 2012)

<latexit sha1_base64="B0GS0/L7XQsAKiLs0LGBgv8ja0I=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCozLtSdFRe6bMFeoB1KJj3TxmYyQ5IRSim4d+NCEbc+jA/gzrcxnbrQ1h9CPv7/hJxzgkRwbVz3y8ktLa+sruXXCxubW9s7xd29ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGV9O8eY9K81jemlGCfkT7koecUWOt2nW3WHLLbiayCN4PlC4+wkzVbvGz04tZGqE0TFCt256bGH9MleFM4KTQSTUmlA1pH9sWJY1Q++Os0Qk5sk6PhLGyRxqSub9fjGmk9SgKbGVEzUDPZ1Pzv6ydmvDcH3OZpAYlm30UpoKYmEynJj2ukBkxskCZ4rZXwgZUUWbsbgp2Cd78yIvQOCl7p+XTmluqXD5ApjwcwCEcgwdnUIEbqEIdGCA8wjO8OHfOk/PqvM1Kc87shn34I+f9G1t5kLo=</latexit>

G
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Group Field Theory

• GFTs as enriched tensor models:

‣ Feynman expansion generates random discrete geometries
• Tensor models:

‣ 1) QFTs of tensor fields living on Lie group

‣ 2) closure condition

‣ 3) specific combinatorial non-local action

example in 3d:

combinatorics of a 3-simplex

example in 4d:
<latexit sha1_base64="dQ+Gya7MrJNBw45Uuu0yByFf9lo="></latexit>

S =

Z
(dg)4|'1234|2 +

�

5!

Z
(dg)10'1234'4567'7389'962(10)'(10)851 + c.c.

combinatorics of a 4-simplex

<latexit sha1_base64="sIbBg145khlxeJBEcBIjp1sLdEU="></latexit>

S =

Z
(dg)3|'123|2 +

�

4!

Z
(dg)6'123'245'156'364 + c.c.

<latexit sha1_base64="Jtv+h4JtIATqb50v+KM5Z1dXT7I=">AAACEnicbVC7SgNBFL0bXzG+opY2q0FIIITdBKJlxMYygnlANiyzk9lkyOzDmdlAWCL+gY2N/oeNhSK2Vnb5GyePQhMPXO7hnDvMvccJGRXSMMZaYmV1bX0juZna2t7Z3UvvH9RFEHFMajhgAW86SBBGfVKTVDLSDDlBnsNIw+lfTvzGgHBBA/9GDkPS9lDXpy7FSCrJTufyd9YA8bBH7dgslkYWuY3oYC5lu7aZ79pFVaWcnc4YBWMKfZmYc5KpHI+fFJ6rdvrb6gQ48ogvMUNCtEwjlO0YcUkxI6OUFQkSItxHXdJS1EceEe14etJIP1VKR3cDrsqX+lT9/SJGnhBDz1GTHpI9sehNxP+8ViTd83ZM/TCSxMezj9yI6TLQJ/noHcoJlmyoCMKcql113EMcYalSTKkQzMWTl0m9WDDLhfK1SuPiHqZIwhGcQBZMOIMKXEEVaoDhAV7gDd61R+1V+9A+Z6MJbdbhEP5A+/oBbmOhfQ==</latexit>

, '123 ⌘ '(g1, g2, g3)

also colored 
versions

(Boulatov 1992)

(Ooguri 1992)

(Gurau 2010; Gurau 2011; 
Gurau, Ryan 2012)

‣ uncolored models with tensor-invariant interactions
(Gurau 2011; Carrozza 2014;…)

<latexit sha1_base64="B0GS0/L7XQsAKiLs0LGBgv8ja0I=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCozLtSdFRe6bMFeoB1KJj3TxmYyQ5IRSim4d+NCEbc+jA/gzrcxnbrQ1h9CPv7/hJxzgkRwbVz3y8ktLa+sruXXCxubW9s7xd29ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGV9O8eY9K81jemlGCfkT7koecUWOt2nW3WHLLbiayCN4PlC4+wkzVbvGz04tZGqE0TFCt256bGH9MleFM4KTQSTUmlA1pH9sWJY1Q++Os0Qk5sk6PhLGyRxqSub9fjGmk9SgKbGVEzUDPZ1Pzv6ydmvDcH3OZpAYlm30UpoKYmEynJj2ukBkxskCZ4rZXwgZUUWbsbgp2Cd78yIvQOCl7p+XTmluqXD5ApjwcwCEcgwdnUIEbqEIdGCA8wjO8OHfOk/PqvM1Kc87shn34I+f9G1t5kLo=</latexit>

G

10



Group Field Theory

• GFTs as enriched tensor models:

‣ Feynman expansion generates random discrete geometries
• Tensor models:

‣ 1) QFTs of tensor fields living on Lie group

‣ 2) closure condition

‣ 3) specific combinatorial non-local action

<latexit sha1_base64="B0GS0/L7XQsAKiLs0LGBgv8ja0I=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCozLtSdFRe6bMFeoB1KJj3TxmYyQ5IRSim4d+NCEbc+jA/gzrcxnbrQ1h9CPv7/hJxzgkRwbVz3y8ktLa+sruXXCxubW9s7xd29ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGV9O8eY9K81jemlGCfkT7koecUWOt2nW3WHLLbiayCN4PlC4+wkzVbvGz04tZGqE0TFCt256bGH9MleFM4KTQSTUmlA1pH9sWJY1Q++Os0Qk5sk6PhLGyRxqSub9fjGmk9SgKbGVEzUDPZ1Pzv6ydmvDcH3OZpAYlm30UpoKYmEynJj2ukBkxskCZ4rZXwgZUUWbsbgp2Cd78yIvQOCl7p+XTmluqXD5ApjwcwCEcgwdnUIEbqEIdGCA8wjO8OHfOk/PqvM1Kc87shn34I+f9G1t5kLo=</latexit>

G‣ weighted by amplitudes of specific lattice gauge theory with structure group
‣ expansion generates random discrete geometries

<latexit sha1_base64="nY2jj9aQZO8DdmHTSEaA+17bSEc="></latexit>

Z =

Z
D'D'̄e�S[','̄] =

X

�

(��̄)n(�)/2

sym(�)
A�

graph dual to cellular complexes dual to discrete orientable pseudomanifolds

number of vertices

‣ Feynman expansion defines a lattice gauge theory on a random lattice

<latexit sha1_base64="B0GS0/L7XQsAKiLs0LGBgv8ja0I=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCozLtSdFRe6bMFeoB1KJj3TxmYyQ5IRSim4d+NCEbc+jA/gzrcxnbrQ1h9CPv7/hJxzgkRwbVz3y8ktLa+sruXXCxubW9s7xd29ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGV9O8eY9K81jemlGCfkT7koecUWOt2nW3WHLLbiayCN4PlC4+wkzVbvGz04tZGqE0TFCt256bGH9MleFM4KTQSTUmlA1pH9sWJY1Q++Os0Qk5sk6PhLGyRxqSub9fjGmk9SgKbGVEzUDPZ1Pzv6ydmvDcH3OZpAYlm30UpoKYmEynJj2ukBkxskCZ4rZXwgZUUWbsbgp2Cd78yIvQOCl7p+XTmluqXD5ApjwcwCEcgwdnUIEbqEIdGCA8wjO8OHfOk/PqvM1Kc87shn34I+f9G1t5kLo=</latexit>

G

sum over graphs/cellular complexes

<latexit sha1_base64="ETxL7GsBiXY7aJ3Gi5AfVDRFz54=">AAAB8HicbVDLTgIxFL2DL8QX6tJNlZjghsy4QJcYF7rERB4KE9IpHWhoO5O2Y0IIif/gRo3GuPVz3PE3lsGFoie5uSfn3Kb3niDmTBvXnTiZhcWl5ZXsam5tfWNzK7+9U9dRogitkYhHqhlgTTmTtGaY4bQZK4pFwGkjGJxP/cYdVZpF8toMY+oL3JMsZAQbK93cFtsXWAh81MkX3JKbAv0l3jcpVPYnTxbP1U7+s92NSCKoNIRjrVueGxt/hJVhhNNxrp1oGmMywD3aslRiQbU/Shceo0OrdFEYKVvSoFT9+WKEhdZDEdhJgU1fz3tT8T+vlZjw1B8xGSeGSjL7KEw4MhGaXo+6TFFi+NASTBSzuyLSxwoTYzPK2RC8+ZP/kvpxySuXylc2jbN7SJGFPTiAInhwAhW4hCrUgICAB3iBV0c5j86b8z4bzTizDrvwC87HF6HRlHw=</latexit>

Z(�)=  spin foam amplitude 
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Group Field Theory

• GFTs as enriched tensor models:

‣ Feynman expansion generates random discrete geometries
• Tensor models:

‣ 1) QFTs of tensor fields living on Lie group

‣ 2) closure condition

‣ 3) specific combinatorial non-local action

‣ Feynman expansion defines a lattice gauge theory on a random lattice

<latexit sha1_base64="B0GS0/L7XQsAKiLs0LGBgv8ja0I=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCozLtSdFRe6bMFeoB1KJj3TxmYyQ5IRSim4d+NCEbc+jA/gzrcxnbrQ1h9CPv7/hJxzgkRwbVz3y8ktLa+sruXXCxubW9s7xd29ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGV9O8eY9K81jemlGCfkT7koecUWOt2nW3WHLLbiayCN4PlC4+wkzVbvGz04tZGqE0TFCt256bGH9MleFM4KTQSTUmlA1pH9sWJY1Q++Os0Qk5sk6PhLGyRxqSub9fjGmk9SgKbGVEzUDPZ1Pzv6ydmvDcH3OZpAYlm30UpoKYmEynJj2ukBkxskCZ4rZXwgZUUWbsbgp2Cd78yIvQOCl7p+XTmluqXD5ApjwcwCEcgwdnUIEbqEIdGCA8wjO8OHfOk/PqvM1Kc87shn34I+f9G1t5kLo=</latexit>

G

‣ BF lattice gauge theory amplitudes (Boulatov 1992; Ooguri 1992)

<latexit sha1_base64="B0GS0/L7XQsAKiLs0LGBgv8ja0I=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCozLtSdFRe6bMFeoB1KJj3TxmYyQ5IRSim4d+NCEbc+jA/gzrcxnbrQ1h9CPv7/hJxzgkRwbVz3y8ktLa+sruXXCxubW9s7xd29ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGV9O8eY9K81jemlGCfkT7koecUWOt2nW3WHLLbiayCN4PlC4+wkzVbvGz04tZGqE0TFCt256bGH9MleFM4KTQSTUmlA1pH9sWJY1Q++Os0Qk5sk6PhLGyRxqSub9fjGmk9SgKbGVEzUDPZ1Pzv6ydmvDcH3OZpAYlm30UpoKYmEynJj2ukBkxskCZ4rZXwgZUUWbsbgp2Cd78yIvQOCl7p+XTmluqXD5ApjwcwCEcgwdnUIEbqEIdGCA8wjO8OHfOk/PqvM1Kc87shn34I+f9G1t5kLo=</latexit>

G‣ weighted by amplitudes of specific lattice gauge theory with structure group
‣ expansion generates random discrete geometries
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Group Field Theory

• GFTs as enriched tensor models:

‣ Feynman expansion generates random discrete geometries
• Tensor models:

‣ 1) QFTs of tensor fields living on Lie group

‣ 2) closure condition

‣ 3) specific combinatorial non-local action

‣ Feynman expansion defines a lattice gauge theory on a random lattice

<latexit sha1_base64="B0GS0/L7XQsAKiLs0LGBgv8ja0I=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCozLtSdFRe6bMFeoB1KJj3TxmYyQ5IRSim4d+NCEbc+jA/gzrcxnbrQ1h9CPv7/hJxzgkRwbVz3y8ktLa+sruXXCxubW9s7xd29ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGV9O8eY9K81jemlGCfkT7koecUWOt2nW3WHLLbiayCN4PlC4+wkzVbvGz04tZGqE0TFCt256bGH9MleFM4KTQSTUmlA1pH9sWJY1Q++Os0Qk5sk6PhLGyRxqSub9fjGmk9SgKbGVEzUDPZ1Pzv6ydmvDcH3OZpAYlm30UpoKYmEynJj2ukBkxskCZ4rZXwgZUUWbsbgp2Cd78yIvQOCl7p+XTmluqXD5ApjwcwCEcgwdnUIEbqEIdGCA8wjO8OHfOk/PqvM1Kc87shn34I+f9G1t5kLo=</latexit>

G

‣ quantum BF+                         +simplicity constraints: quantum gravity amplitudes
‣ BF lattice gauge theory amplitudes (Boulatov 1992; Ooguri 1992)

(De Pietri, Freidel, Krasnov, Rovelli 2000; Reisenberger, Rovelli 2001; Baratin, Oriti 2011; Baratin, Oriti 2012; Ben Geloun, Gurau, 
Rivasseau 2010; Baratin, Oriti 2010; Baratin, Girelli, Oriti 2011; Oriti 2016; Finocchiaro, Oriti 2018; Jercher, Oriti, Pithis 2022)

‣  GFT as tentative completions of BC, EPRL and other spin foam models

<latexit sha1_base64="B0GS0/L7XQsAKiLs0LGBgv8ja0I=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCozLtSdFRe6bMFeoB1KJj3TxmYyQ5IRSim4d+NCEbc+jA/gzrcxnbrQ1h9CPv7/hJxzgkRwbVz3y8ktLa+sruXXCxubW9s7xd29ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGV9O8eY9K81jemlGCfkT7koecUWOt2nW3WHLLbiayCN4PlC4+wkzVbvGz04tZGqE0TFCt256bGH9MleFM4KTQSTUmlA1pH9sWJY1Q++Os0Qk5sk6PhLGyRxqSub9fjGmk9SgKbGVEzUDPZ1Pzv6ydmvDcH3OZpAYlm30UpoKYmEynJj2ukBkxskCZ4rZXwgZUUWbsbgp2Cd78yIvQOCl7p+XTmluqXD5ApjwcwCEcgwdnUIEbqEIdGCA8wjO8OHfOk/PqvM1Kc87shn34I+f9G1t5kLo=</latexit>

G‣ weighted by amplitudes of specific lattice gauge theory with structure group
‣ expansion generates random discrete geometries

<latexit sha1_base64="tQltvleYy2rRbHFAakHvSEtjn2Y=">AAACCHicbVDLSsNAFJ3UV62vqEsXBotQoZSklOqmUOxCFy4q2ge0oUym03boZBJmJkIJWbrxV9y4UMStn+DOv3GSZqGtBwbOnHMv997j+JQIaZrfWmZldW19I7uZ29re2d3T9w/awgs4wi3kUY93HSgwJQy3JJEUd32OoetQ3HGmjdjvPGAuiMfu5czHtgvHjIwIglJJA/2Y1yrFq1rfhXLC3fDuJiqUi8nPccJGdDbQ82bJTGAsEysleZCiOdC/+kMPBS5mElEoRM8yfWmHkEuCKI5y/UBgH6IpHOOeogy6WNhhckhknCplaIw8rh6TRqL+7gihK8TMdVRlvKJY9GLxP68XyNGFHRLmBxIzNB80CqghPSNOxRgSjpGkM0Ug4kTtaqAJ5BBJlV1OhWAtnrxM2uWSVS1Vbyv5+mUaRxYcgRNQABY4B3VwDZqgBRB4BM/gFbxpT9qL9q59zEszWtpzCP5A+/wB8Z6Yrw==</latexit>

r = 4, G = SL(2,C)
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What do we know about GFT renormalization?

11



Motivation for GFT renormalization

• GFTs suffer from divergences similar to local (perturbative) QFT:

‣ divergences arise from short scale structure of configuration space

‣ more difficult due to non-local interactions of GFT

‣ must be regularized and renormalized also for consistency of the quantum theory

12



• GFTs suffer from divergences similar to local (perturbative) QFT:

Motivation for GFT renormalization

‣ GFT renormalization is spin foam renormalization

‣ get access to phase structure and continuum limits
‣ renormalizability criteria informs about model building

‣ divergences arise from short scale structure of configuration space

‣ more difficult due to non-local interactions of GFT

‣ must be regularized and renormalized also for consistency of the quantum theory
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• GFTs suffer from divergences similar to local (perturbative) QFT:

Motivation for GFT renormalization

‣ GFT renormalization is spin foam renormalization

‣ divergences arise from short scale structure of configuration space

‣ more difficult due to non-local interactions of GFT

‣ must be regularized and renormalized also for consistency of the quantum theory

‣ step by step, towards renormalizable models for 4d quantum gravity
12

‣ get access to phase structure and continuum limits
‣ renormalizability criteria informs about model building



Strategies for GFT renormalization

(Gurau 2011; Gurau, Rivasseau 2011; Gurau 2012; Ben Geloun, Krajewski, Magnen, Rivasseau 2010;  Ben Geloun, Gurau, Rivasseau 2010; 
Freidel, Gurau, Oriti 2009; Magnen, Noui, Rivasseau, Smerlak 2009; Krajewski, Magnen, Rivasseau, Tanasa, Vitale 2010; Bonzom, Smerlak 
2010, Bonzom, Smerlak 2012; Bonzom, Smerlak 2012; Carrozza, Oriti 2012; Carrozza, Oriti 2012; Baratin, Carrozza, Oriti, Ryan, Smerlak 2014)

‣ two paths:
1) use tensor model tools to study to large-N behavior

‣ Boulatov-Ooguri type models: dominance of melonic diagrams

‣ beyond leading order: critical properties/continuum limit still not well understood
‣ topologically singular spin foam structures convergent

13



(Ben Geloun, Bonzom 2011; Ben Geloun, Rivasseau 2013; Rivasseau 2012; Ben Geloun, Samary 2013, Carrozza 2016)

<latexit sha1_base64="B0GS0/L7XQsAKiLs0LGBgv8ja0I=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCozLtSdFRe6bMFeoB1KJj3TxmYyQ5IRSim4d+NCEbc+jA/gzrcxnbrQ1h9CPv7/hJxzgkRwbVz3y8ktLa+sruXXCxubW9s7xd29ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGV9O8eY9K81jemlGCfkT7koecUWOt2nW3WHLLbiayCN4PlC4+wkzVbvGz04tZGqE0TFCt256bGH9MleFM4KTQSTUmlA1pH9sWJY1Q++Os0Qk5sk6PhLGyRxqSub9fjGmk9SgKbGVEzUDPZ1Pzv6ydmvDcH3OZpAYlm30UpoKYmEynJj2ukBkxskCZ4rZXwgZUUWbsbgp2Cd78yIvQOCl7p+XTmluqXD5ApjwcwCEcgwdnUIEbqEIdGCA8wjO8OHfOk/PqvM1Kc87shn34I+f9G1t5kLo=</latexit>

G‣ via non-trivial propagator in action: spectrum of Laplacian on
‣ as in ordinary QFTs: definition of scale and set up of mode integration 

2) use full machinery of renormalization

Strategies for GFT renormalization

(Gurau 2011; Gurau, Rivasseau 2011; Gurau 2012; Ben Geloun, Krajewski, Magnen, Rivasseau 2010;  Ben Geloun, Gurau, Rivasseau 2010; 
Freidel, Gurau, Oriti 2009; Magnen, Noui, Rivasseau, Smerlak 2009; Krajewski, Magnen, Rivasseau, Tanasa, Vitale 2010; Bonzom, Smerlak 
2010, Bonzom, Smerlak 2012; Bonzom, Smerlak 2012; Carrozza, Oriti 2012; Carrozza, Oriti 2012; Baratin, Carrozza, Oriti, Ryan, Smerlak 2014)

‣ two paths:

13

1) use tensor model tools to study to large-N behavior
‣ Boulatov-Ooguri type models: dominance of melonic diagrams

‣ beyond leading order: critical properties/continuum limit still not well understood
‣ topologically singular spin foam structures convergent



Strategies for GFT renormalization

‣ start with power-counting analysis
(Ben Geloun, Bonzom 2011; Ben Geloun, Rivasseau 2013; Rivasseau 2012; Ben Geloun, Samary 2013, Carrozza 2016)

<latexit sha1_base64="B0GS0/L7XQsAKiLs0LGBgv8ja0I=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCozLtSdFRe6bMFeoB1KJj3TxmYyQ5IRSim4d+NCEbc+jA/gzrcxnbrQ1h9CPv7/hJxzgkRwbVz3y8ktLa+sruXXCxubW9s7xd29ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGV9O8eY9K81jemlGCfkT7koecUWOt2nW3WHLLbiayCN4PlC4+wkzVbvGz04tZGqE0TFCt256bGH9MleFM4KTQSTUmlA1pH9sWJY1Q++Os0Qk5sk6PhLGyRxqSub9fjGmk9SgKbGVEzUDPZ1Pzv6ydmvDcH3OZpAYlm30UpoKYmEynJj2ukBkxskCZ4rZXwgZUUWbsbgp2Cd78yIvQOCl7p+XTmluqXD5ApjwcwCEcgwdnUIEbqEIdGCA8wjO8OHfOk/PqvM1Kc87shn34I+f9G1t5kLo=</latexit>

G‣ via non-trivial propagator in action: spectrum of Laplacian on
‣ as in ordinary QFTs: definition of scale and set up of mode integration 

2) use full machinery of renormalization

(Gurau 2011; Gurau, Rivasseau 2011; Gurau 2012; Ben Geloun, Krajewski, Magnen, Rivasseau 2010;  Ben Geloun, Gurau, Rivasseau 2010; 
Freidel, Gurau, Oriti 2009; Magnen, Noui, Rivasseau, Smerlak 2009; Krajewski, Magnen, Rivasseau, Tanasa, Vitale 2010; Bonzom, Smerlak 
2010, Bonzom, Smerlak 2012; Bonzom, Smerlak 2012; Carrozza, Oriti 2012; Carrozza, Oriti 2012; Baratin, Carrozza, Oriti, Ryan, Smerlak 2014)

‣ two paths:

13

1) use tensor model tools to study to large-N behavior
‣ Boulatov-Ooguri type models: dominance of melonic diagrams

‣ beyond leading order: critical properties/continuum limit still not well understood
‣ topologically singular spin foam structures convergent



Strategies for GFT renormalization

‣ then perturbative and non-perturbative renormalization 
‣ start with power-counting analysis

(Ben Geloun, Bonzom 2011; Ben Geloun, Rivasseau 2013; Rivasseau 2012; Ben Geloun, Samary 2013, Carrozza 2016)

<latexit sha1_base64="B0GS0/L7XQsAKiLs0LGBgv8ja0I=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCozLtSdFRe6bMFeoB1KJj3TxmYyQ5IRSim4d+NCEbc+jA/gzrcxnbrQ1h9CPv7/hJxzgkRwbVz3y8ktLa+sruXXCxubW9s7xd29ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGV9O8eY9K81jemlGCfkT7koecUWOt2nW3WHLLbiayCN4PlC4+wkzVbvGz04tZGqE0TFCt256bGH9MleFM4KTQSTUmlA1pH9sWJY1Q++Os0Qk5sk6PhLGyRxqSub9fjGmk9SgKbGVEzUDPZ1Pzv6ydmvDcH3OZpAYlm30UpoKYmEynJj2ukBkxskCZ4rZXwgZUUWbsbgp2Cd78yIvQOCl7p+XTmluqXD5ApjwcwCEcgwdnUIEbqEIdGCA8wjO8OHfOk/PqvM1Kc87shn34I+f9G1t5kLo=</latexit>

G‣ via non-trivial propagator in action: spectrum of Laplacian on
‣ as in ordinary QFTs: definition of scale and set up of mode integration 

2) use full machinery of renormalization

(Gurau 2011; Gurau, Rivasseau 2011; Gurau 2012; Ben Geloun, Krajewski, Magnen, Rivasseau 2010;  Ben Geloun, Gurau, Rivasseau 2010; 
Freidel, Gurau, Oriti 2009; Magnen, Noui, Rivasseau, Smerlak 2009; Krajewski, Magnen, Rivasseau, Tanasa, Vitale 2010; Bonzom, Smerlak 
2010, Bonzom, Smerlak 2012; Bonzom, Smerlak 2012; Carrozza, Oriti 2012; Carrozza, Oriti 2012; Baratin, Carrozza, Oriti, Ryan, Smerlak 2014)

‣ two paths:

13

1) use tensor model tools to study to large-N behavior
‣ Boulatov-Ooguri type models: dominance of melonic diagrams

‣ beyond leading order: critical properties/continuum limit still not well understood
‣ topologically singular spin foam structures convergent



Strategies for GFT renormalization

(Gurau 2011; Gurau, Rivasseau 2011; Gurau 2012; Ben Geloun, Krajewski, Magnen, Rivasseau 2010;  Ben Geloun, Gurau, Rivasseau 2010; 
Freidel, Gurau, Oriti 2009; Magnen, Noui, Rivasseau, Smerlak 2009; Krajewski, Magnen, Rivasseau, Tanasa, Vitale 2010; Bonzom, Smerlak 
2010, Bonzom, Smerlak 2012; Bonzom, Smerlak 2012; Carrozza, Oriti 2012; Carrozza, Oriti 2012; Baratin, Carrozza, Oriti, Ryan, Smerlak 2014)

‣ two paths:

‣ Landau-Ginzburg mean-field analysis
‣ then perturbative and non-perturbative renormalization 
‣ start with power-counting analysis

(Ben Geloun, Bonzom 2011; Ben Geloun, Rivasseau 2013; Rivasseau 2012; Ben Geloun, Samary 2013, Carrozza 2016)

<latexit sha1_base64="B0GS0/L7XQsAKiLs0LGBgv8ja0I=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCozLtSdFRe6bMFeoB1KJj3TxmYyQ5IRSim4d+NCEbc+jA/gzrcxnbrQ1h9CPv7/hJxzgkRwbVz3y8ktLa+sruXXCxubW9s7xd29ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGV9O8eY9K81jemlGCfkT7koecUWOt2nW3WHLLbiayCN4PlC4+wkzVbvGz04tZGqE0TFCt256bGH9MleFM4KTQSTUmlA1pH9sWJY1Q++Os0Qk5sk6PhLGyRxqSub9fjGmk9SgKbGVEzUDPZ1Pzv6ydmvDcH3OZpAYlm30UpoKYmEynJj2ukBkxskCZ4rZXwgZUUWbsbgp2Cd78yIvQOCl7p+XTmluqXD5ApjwcwCEcgwdnUIEbqEIdGCA8wjO8OHfOk/PqvM1Kc87shn34I+f9G1t5kLo=</latexit>

G‣ via non-trivial propagator in action: spectrum of Laplacian on
‣ as in ordinary QFTs: definition of scale and set up of mode integration 

2) use full machinery of renormalization

NEXT 
SLIDES

13

1) use tensor model tools to study to large-N behavior
‣ Boulatov-Ooguri type models: dominance of melonic diagrams

‣ beyond leading order: critical properties/continuum limit still not well understood
‣ topologically singular spin foam structures convergent



GFT and power-counting

‣ understand how Feynman diagrams diverge in the UV
‣ superficial degree of divergence captures their UV behavior
‣ for power-counting renormalizability: degree should be bounded from above

degree of divergence

<latexit sha1_base64="2bYgFNwhQTGRs+SNlOmLiQSYrzs="></latexit>

|A⇤
� | / |�|⇤!
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compared to local 
scalar field theory 
more involved ! 



‣ understand how Feynman diagrams diverge in the UV
‣ superficial degree of divergence captures their UV behavior

‣ full classification of renormalizable melonic GFTs with closure:

‣ a general Abelian  power-counting theorem
<latexit sha1_base64="B0GS0/L7XQsAKiLs0LGBgv8ja0I=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCozLtSdFRe6bMFeoB1KJj3TxmYyQ5IRSim4d+NCEbc+jA/gzrcxnbrQ1h9CPv7/hJxzgkRwbVz3y8ktLa+sruXXCxubW9s7xd29ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGV9O8eY9K81jemlGCfkT7koecUWOt2nW3WHLLbiayCN4PlC4+wkzVbvGz04tZGqE0TFCt256bGH9MleFM4KTQSTUmlA1pH9sWJY1Q++Os0Qk5sk6PhLGyRxqSub9fjGmk9SgKbGVEzUDPZ1Pzv6ydmvDcH3OZpAYlm30UpoKYmEynJj2ukBkxskCZ4rZXwgZUUWbsbgp2Cd78yIvQOCl7p+XTmluqXD5ApjwcwCEcgwdnUIEbqEIdGCA8wjO8OHfOk/PqvM1Kc87shn34I+f9G1t5kLo=</latexit>

G (Ben Geloun, Krajewski, Magnen, Rivasseau 2010; Carrozza, 
Oriti, Rivasseau 2014; Samary, Vignes-Tourneret 2014)

‣ non-Abelian 
<latexit sha1_base64="B0GS0/L7XQsAKiLs0LGBgv8ja0I=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCozLtSdFRe6bMFeoB1KJj3TxmYyQ5IRSim4d+NCEbc+jA/gzrcxnbrQ1h9CPv7/hJxzgkRwbVz3y8ktLa+sruXXCxubW9s7xd29ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGV9O8eY9K81jemlGCfkT7koecUWOt2nW3WHLLbiayCN4PlC4+wkzVbvGz04tZGqE0TFCt256bGH9MleFM4KTQSTUmlA1pH9sWJY1Q++Os0Qk5sk6PhLGyRxqSub9fjGmk9SgKbGVEzUDPZ1Pzv6ydmvDcH3OZpAYlm30UpoKYmEynJj2ukBkxskCZ4rZXwgZUUWbsbgp2Cd78yIvQOCl7p+XTmluqXD5ApjwcwCEcgwdnUIEbqEIdGCA8wjO8OHfOk/PqvM1Kc87shn34I+f9G1t5kLo=</latexit>

G (Bonzom, Smerlak 2010; Bonzom, Smerlak 2012; 
Carrozza, Oriti, Rivasseau 2014; Carrozza 2014)

‣ focus on these since melonic diagrams most divergent

‣ for power-counting renormalizability: degree should be bounded from above

‣ derive from this understanding criteria of renormalizability

GFT and power-counting

degree of divergence

<latexit sha1_base64="2bYgFNwhQTGRs+SNlOmLiQSYrzs="></latexit>

|A⇤
� | / |�|⇤!

compared to local 
scalar field theory 
more involved ! 
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‣ understand how Feynman diagrams diverge in the UV
‣ superficial degree of divergence captures their UV behavior

degree of divergence

‣ for power-counting renormalizability: degree should be bounded from above

‣ derive from this understanding criteria of renormalizability

GFT and power-counting

<latexit sha1_base64="2bYgFNwhQTGRs+SNlOmLiQSYrzs="></latexit>

|A⇤
� | / |�|⇤!

‣ full classification of renormalizable melonic GFTs with closure:

number of propagator lines

combinatorial quantity
<latexit sha1_base64="7c/6KZLOMkHAycIBip6MxdWwo1g=">AAAB7HicbVC7TgJBFL2LL8QXYkkzkZhYkV0LNFYYG0tMXCCBDZkdZmHC7OxmZtaEbEj0C2wsNMbWjp+x8xv0IxwWCwVPcnNPzrmTuff4MWdK2/aHlVtZXVvfyG8WtrZ3dveK+6WmihJJqEsiHsm2jxXlTFBXM81pO5YUhz6nLX90OfNbt1QqFokbPY6pF+KBYAEjWBvJ7cphdN4rVuyqnQEtE+eHVOrlr9L0fvrZ6BXfu/2IJCEVmnCsVMexY+2lWGpGOJ0UuomiMSYjPKAdQwUOqfLSbNkJOjJKHwWRNCU0ytTfL1IcKjUOfTMZYj1Ui95M/M/rJDo481Im4kRTQeYfBQlHOkKzy1GfSUo0HxuCiWRmV0SGWGKiTT4FE4KzePIyaZ5UnVq1dm3SuLiDDHkowyEcgwOnUIcraIALBBg8wBM8W8J6tF6s1/lozpp3OIA/sN6+AU7JkzA=</latexit>⇢ :

<latexit sha1_base64="kkfATC72giEhu0AJEUpAqefM1TM=">AAAB6XicbZDNSgMxFIXv1L9a/6ou3QSL4KrMuKjixoobV1LF2kI7lEx6pw3NZIYkI5RS8AHcuFDEre/iA7jzbUynLrT1QMjHOTfk3hskgmvjul9ObmFxaXklv1pYW9/Y3Cpu79zpOFUM6ywWsWoGVKPgEuuGG4HNRCGNAoGNYHAxyRv3qDSP5a0ZJuhHtCd5yBk11rq5Ou0US27ZzUTmwfuB0tlHmKnWKX62uzFLI5SGCap1y3MT44+oMpwJHBfaqcaEsgHtYcuipBFqf5R1OiYH1umSMFb2SEMy9/eLEY20HkaBrYyo6evZbGL+l7VSE574Iy6T1KBk04/CVBATk8nYpMsVMiOGFihT3PZKWJ8qyoxdTsEuwZsdeR7ujspepVy5dkvV8wfIlIc92IdD8OAYqnAJNagDgxAe4RlenIHz5Lw6b9PSnDO9YRf+yHn/BuMvkQU=</latexit>

N :
number of interaction vertices

number of external lines

<latexit sha1_base64="bXRCKF9mFrHeyQiYn3wDeUApcJM=">AAAB6XicbZDLSgMxFIbP1Futt6pLN8EiuCozLqq4seLGZRV7gXYomfRMG5rJDElGKKXgA7hxoYhb38UHcOfbmE5daOsPIR//f0LOOUEiuDau++XklpZXVtfy64WNza3tneLuXkPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGw6tp3rxHpXks78woQT+ifclDzqix1m3jvFssuWU3E1kE7wdKFx9hplq3+NnpxSyNUBomqNZtz02MP6bKcCZwUuikGhPKhrSPbYuSRqj9cdbphBxZp0fCWNkjDcnc3y/GNNJ6FAW2MqJmoOezqflf1k5NeOaPuUxSg5LNPgpTQUxMpmOTHlfIjBhZoExx2ythA6ooM3Y5BbsEb37kRWiclL1KuXLjlqqXD5ApDwdwCMfgwSlU4RpqUAcGITzCM7w4Q+fJeXXeZqU5Z3bDPvyR8/4N71eRDQ==</latexit>

V :
<latexit sha1_base64="Ycs+zDdpP4LHS1N4nfhwv1u7j+8=">AAAB6XicbZDNSgMxFIXv1L9a/6ou3QSL4KrMuKjixoobFy6qWFtoh5JJ77ShmcyQZIRSCj6AGxeKuPVdfAB3vo3p1IW2Hgj5OOeG3HuDRHBtXPfLyS0sLi2v5FcLa+sbm1vF7Z07HaeKYZ3FIlbNgGoUXGLdcCOwmSikUSCwEQwuJnnjHpXmsbw1wwT9iPYkDzmjxlo3V6edYsktu5nIPHg/UDr7CDPVOsXPdjdmaYTSMEG1bnluYvwRVYYzgeNCO9WYUDagPWxZlDRC7Y+yTsfkwDpdEsbKHmlI5v5+MaKR1sMosJURNX09m03M/7JWasITf8RlkhqUbPpRmApiYjIZm3S5QmbE0AJlitteCetTRZmxyynYJXizI8/D3VHZq5Qr126pev4AmfKwB/twCB4cQxUuoQZ1YBDCIzzDizNwnpxX521amnOmN+zCHznv3+AlkQM=</latexit>

L :

<latexit sha1_base64="loQIdvY/XV4bQGucz2pvl/4wzw0=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCozLqo7K25ctmAv0A4lk55pYzOZIckIpRTcu3GhiFsfxgdw59uYTl1o6w8hH/9/Qs45QSK4Nq775eRWVtfWN/Kbha3tnd294v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj61neukeleSxvzThBP6IDyUPOqLFWfdQrltyym4ksg/cDpcuPMFOtV/zs9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI5FSSPU/iRrdEpOrNMnYazskYZk7u8XExppPY4CWxlRM9SL2cz8L+ukJrzwJ1wmqUHJ5h+FqSAmJrOpSZ8rZEaMLVCmuO2VsCFVlBm7m4Jdgrc48jI0z8pepVypu6Xq1QNkysMRHMMpeHAOVbiBGjSAAcIjPMOLc+c8Oa/O27w058xvOIQ/ct6/AZIJkN4=</latexit>

knumber of interactions of valency 
<latexit sha1_base64="1jydjBQ3iL70/RONTnFslJcEvBc=">AAAB+HicbVA9SwNBEJ3zM8ZoTsXK5jAIVuHOIopVxMYygvmAJIS9zSZZsvfB7lxIPA5s/Q02FoqInf4TO/+Nm4uFJj4Y5vHeDDv73FBwhbb9ZSwtr6yurWc2spu5re28ubNbU0EkKavSQASy4RLFBPdZFTkK1gglI54rWN0dXk79+ohJxQP/Bicha3uk7/MepwS11DHzo07cQjbG2CPjJDnvmAW7aKewFonzQwrl/Y/C+C13X+mYn61uQCOP+UgFUarp2CG2YyKRU8GSbCtSLCR0SPqsqalPPKbacXp4Yh1ppWv1AqnLRytVf2/ExFNq4rl60iM4UPPeVPzPa0bYO2vH3A8jZD6dPdSLhIWBNU3B6nLJKIqJJoRKrm+16IBIQlFnldUhOPNfXiS1k6JTKpaudRoXd5AiAwdwCMfgwCmU4QoqUAUKETzAEzwbt8aj8WK8zkaXjFmHPfgD4/0bl6GXEA==</latexit>vmax : max. valency of renormalizable interaction

<latexit sha1_base64="XRxKGDGA7/9dcpdLl2obiCrkZAc=">AAAB7nicbVA9SwNBEJ2LXzFGjYqVzWIQrMJdiihWERvLCOYDkiPsbfaS5fb2jt09MRwBW0sbC0VsBUv/iZ3/xs3FQhMfDPN4b5adeV7MmdK2/WXllpZXVtfy64WN4ubWdmlnt6WiRBLaJBGPZMfDinImaFMzzWknlhSHHqdtL7iY+u0bKhWLxLUex9QN8VAwnxGsjdQW/bQaTM76pbJdsTOgReL8kHJ9/6N8+168b/RLn71BRJKQCk04Vqrr2LF2Uyw1I5xOCr1E0RiTAA9p11CBQ6rcNFt3go6MMkB+JE0JjTL194sUh0qNQ89MhliP1Lw3Ff/zuon2T92UiTjRVJDZR37CkY7Q9HY0YJISzceGYCKZ2RWREZaYaJNQwYTgzJ+8SFrVilOr1K5MGud3kCEPB3AIx+DACdThEhrQBAIBPMATPFux9Wi9WK+z0Zw167AHf2C9fQMUgZLF</latexit>n2k :

<latexit sha1_base64="trav9WyJoG73KWmBL4pIRT48TLI=">AAAB9HicbVDLSgNBEOyNrxhfUY9eVoMQL2HXQ/QY8aDHCOYByRJmZyfJkNmHM73BsAT8C1E8KOLVj/GWv3Gy8aCJBU0XVd1MT7mR4Aota2JklpZXVtey67mNza3tnfzuXl2FsaSsRkMRyqZLFBM8YDXkKFgzkoz4rmANd3A59RtDJhUPg1scRczxSS/gXU4JaslpI7vHxOP+uHh10skXrJKVwlwk9g8pVA4nTxrP1U7+q+2FNPZZgFQQpVq2FaGTEImcCjbOtWPFIkIHpMdamgbEZ8pJ0qPH5rFWPLMbSl0Bmqn6eyMhvlIj39WTPsG+mvem4n9eK8buuZPwIIqRBXT2UDcWJobmNAHT45JRFCNNCJVc32rSPpGEos4pp0Ow57+8SOqnJbtcKt/oNC4eIEUWDuAIimDDGVTgGqpQAwp38Aiv8GYMjRfj3fiYjWaMWYd9+APj8xtUjpal</latexit>

dim(G)
<latexit sha1_base64="KBM0i2Lk0qKiE28E93Y2oQmvjhg=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCozLqo7K25ctmAv0A4lk55pYzOZIckIpRTcu3GhiFsfxgdw59uYTl1o6w8hH/9/Qs45QSK4Nq775eRWVtfWN/Kbha3tnd294v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj61neukeleSxvzThBP6IDyUPOqLFWXfWKJbfsZiLL4P1A6fIjzFTrFT+7/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGNR0gi1P8kanZIT6/RJGCt7pCGZ+/vFhEZaj6PAVkbUDPViNjP/yzqpCS/8CZdJalCy+UdhKoiJyWxq0ucKmRFjC5QpbnslbEgVZcbupmCX4C2OvAzNs7JXKVfqbql69QCZ8nAEx3AKHpxDFW6gBg1ggPAIz/Di3DlPzqvzNi/NOfMbDuGPnPdvnKWQ5Q==</latexit>r

(not yet exhibited)

(not yet exhibited)

(Carrozza, Oriti, Rivasseau 2014; Carrozza 2015)
(Carrozza 2015)

(Samary 2013; Samary, Vignes-Tourneret 2014)
(Samary 2013; Samary, Vignes-Tourneret 2014; 
Benedetti, Lahoche 2016)
(Carrozza, Oriti, Rivasseau 2014; Lahoche 2015)
(Lahoche 2015)

just-renormalizable

super-renormalizable

finite

rank<latexit sha1_base64="/ftmmrNgyLQ1b0AG3QhdpOf98Jo=">AAAB6XicbZDLSgMxFIbP1Futt6pLN8EiuCozLqq4seLGZRV7gXYomTTThmYyQ3JGKKXgA7hxoYhb38UHcOfbmE5daOsPIR//f0LOOUEihUHX/XJyS8srq2v59cLG5tb2TnF3r2HiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5N8+Y910bE6g5HCfcj2lciFIyitW71ebdYcstuJrII3g+ULj7CTLVu8bPTi1kacYVMUmPanpugP6YaBZN8UuikhieUDWmfty0qGnHjj7NOJ+TIOj0SxtoehSRzf78Y08iYURTYyojiwMxnU/O/rJ1ieOaPhUpS5IrNPgpTSTAm07FJT2jOUI4sUKaF7ZWwAdWUoV1OwS7Bmx95ERonZa9Srty4perlA2TKwwEcwjF4cApVuIYa1IFBCI/wDC/O0HlyXp23WWnOmd2wD3/kvH8DGfKRKQ==</latexit>r :

(taken from Carrozza 2016)

compared to local 
scalar field theory 
more involved ! 
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‣ understand how Feynman diagrams diverge in the UV
‣ superficial degree of divergence captures their UV behavior
‣ for power-counting renormalizability: degree should be bounded from above

‣ derive from this understanding criteria of renormalizability

(Carrozza, Oriti, Rivasseau 2014; Samary, Vignes-Tourneret 2014; 
Carrozza, Oritit, Rivasseau 2014; Carrozza 2014; Lahoche, Oriti, 
Rivasseau 2015; Carrozza 2015; Carrozza 2016)

‣ UV divergences from subgraphs; absorbable in tensor-invariant effective interactions
‣ corresponds to coarse graining of the lattice

GFT and power-counting

degree of divergence

<latexit sha1_base64="2bYgFNwhQTGRs+SNlOmLiQSYrzs="></latexit>

|A⇤
� | / |�|⇤!

compared to local 
scalar field theory 
more involved ! 

‣ full classification of renormalizable melonic GFTs with closure:

number of propagator lines

combinatorial quantity
<latexit sha1_base64="7c/6KZLOMkHAycIBip6MxdWwo1g=">AAAB7HicbVC7TgJBFL2LL8QXYkkzkZhYkV0LNFYYG0tMXCCBDZkdZmHC7OxmZtaEbEj0C2wsNMbWjp+x8xv0IxwWCwVPcnNPzrmTuff4MWdK2/aHlVtZXVvfyG8WtrZ3dveK+6WmihJJqEsiHsm2jxXlTFBXM81pO5YUhz6nLX90OfNbt1QqFokbPY6pF+KBYAEjWBvJ7cphdN4rVuyqnQEtE+eHVOrlr9L0fvrZ6BXfu/2IJCEVmnCsVMexY+2lWGpGOJ0UuomiMSYjPKAdQwUOqfLSbNkJOjJKHwWRNCU0ytTfL1IcKjUOfTMZYj1Ui95M/M/rJDo481Im4kRTQeYfBQlHOkKzy1GfSUo0HxuCiWRmV0SGWGKiTT4FE4KzePIyaZ5UnVq1dm3SuLiDDHkowyEcgwOnUIcraIALBBg8wBM8W8J6tF6s1/lozpp3OIA/sN6+AU7JkzA=</latexit>⇢ :

<latexit sha1_base64="kkfATC72giEhu0AJEUpAqefM1TM=">AAAB6XicbZDNSgMxFIXv1L9a/6ou3QSL4KrMuKjixoobV1LF2kI7lEx6pw3NZIYkI5RS8AHcuFDEre/iA7jzbUynLrT1QMjHOTfk3hskgmvjul9ObmFxaXklv1pYW9/Y3Cpu79zpOFUM6ywWsWoGVKPgEuuGG4HNRCGNAoGNYHAxyRv3qDSP5a0ZJuhHtCd5yBk11rq5Ou0US27ZzUTmwfuB0tlHmKnWKX62uzFLI5SGCap1y3MT44+oMpwJHBfaqcaEsgHtYcuipBFqf5R1OiYH1umSMFb2SEMy9/eLEY20HkaBrYyo6evZbGL+l7VSE574Iy6T1KBk04/CVBATk8nYpMsVMiOGFihT3PZKWJ8qyoxdTsEuwZsdeR7ujspepVy5dkvV8wfIlIc92IdD8OAYqnAJNagDgxAe4RlenIHz5Lw6b9PSnDO9YRf+yHn/BuMvkQU=</latexit>

N :
number of interaction vertices

number of external lines

<latexit sha1_base64="bXRCKF9mFrHeyQiYn3wDeUApcJM=">AAAB6XicbZDLSgMxFIbP1Futt6pLN8EiuCozLqq4seLGZRV7gXYomfRMG5rJDElGKKXgA7hxoYhb38UHcOfbmE5daOsPIR//f0LOOUEiuDau++XklpZXVtfy64WNza3tneLuXkPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGw6tp3rxHpXks78woQT+ifclDzqix1m3jvFssuWU3E1kE7wdKFx9hplq3+NnpxSyNUBomqNZtz02MP6bKcCZwUuikGhPKhrSPbYuSRqj9cdbphBxZp0fCWNkjDcnc3y/GNNJ6FAW2MqJmoOezqflf1k5NeOaPuUxSg5LNPgpTQUxMpmOTHlfIjBhZoExx2ythA6ooM3Y5BbsEb37kRWiclL1KuXLjlqqXD5ApDwdwCMfgwSlU4RpqUAcGITzCM7w4Q+fJeXXeZqU5Z3bDPvyR8/4N71eRDQ==</latexit>

V :
<latexit sha1_base64="Ycs+zDdpP4LHS1N4nfhwv1u7j+8=">AAAB6XicbZDNSgMxFIXv1L9a/6ou3QSL4KrMuKjixoobFy6qWFtoh5JJ77ShmcyQZIRSCj6AGxeKuPVdfAB3vo3p1IW2Hgj5OOeG3HuDRHBtXPfLyS0sLi2v5FcLa+sbm1vF7Z07HaeKYZ3FIlbNgGoUXGLdcCOwmSikUSCwEQwuJnnjHpXmsbw1wwT9iPYkDzmjxlo3V6edYsktu5nIPHg/UDr7CDPVOsXPdjdmaYTSMEG1bnluYvwRVYYzgeNCO9WYUDagPWxZlDRC7Y+yTsfkwDpdEsbKHmlI5v5+MaKR1sMosJURNX09m03M/7JWasITf8RlkhqUbPpRmApiYjIZm3S5QmbE0AJlitteCetTRZmxyynYJXizI8/D3VHZq5Qr126pev4AmfKwB/twCB4cQxUuoQZ1YBDCIzzDizNwnpxX521amnOmN+zCHznv3+AlkQM=</latexit>

L :

<latexit sha1_base64="loQIdvY/XV4bQGucz2pvl/4wzw0=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCozLqo7K25ctmAv0A4lk55pYzOZIckIpRTcu3GhiFsfxgdw59uYTl1o6w8hH/9/Qs45QSK4Nq775eRWVtfWN/Kbha3tnd294v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj61neukeleSxvzThBP6IDyUPOqLFWfdQrltyym4ksg/cDpcuPMFOtV/zs9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI5FSSPU/iRrdEpOrNMnYazskYZk7u8XExppPY4CWxlRM9SL2cz8L+ukJrzwJ1wmqUHJ5h+FqSAmJrOpSZ8rZEaMLVCmuO2VsCFVlBm7m4Jdgrc48jI0z8pepVypu6Xq1QNkysMRHMMpeHAOVbiBGjSAAcIjPMOLc+c8Oa/O27w058xvOIQ/ct6/AZIJkN4=</latexit>

knumber of interactions of valency 
<latexit sha1_base64="1jydjBQ3iL70/RONTnFslJcEvBc=">AAAB+HicbVA9SwNBEJ3zM8ZoTsXK5jAIVuHOIopVxMYygvmAJIS9zSZZsvfB7lxIPA5s/Q02FoqInf4TO/+Nm4uFJj4Y5vHeDDv73FBwhbb9ZSwtr6yurWc2spu5re28ubNbU0EkKavSQASy4RLFBPdZFTkK1gglI54rWN0dXk79+ohJxQP/Bicha3uk7/MepwS11DHzo07cQjbG2CPjJDnvmAW7aKewFonzQwrl/Y/C+C13X+mYn61uQCOP+UgFUarp2CG2YyKRU8GSbCtSLCR0SPqsqalPPKbacXp4Yh1ppWv1AqnLRytVf2/ExFNq4rl60iM4UPPeVPzPa0bYO2vH3A8jZD6dPdSLhIWBNU3B6nLJKIqJJoRKrm+16IBIQlFnldUhOPNfXiS1k6JTKpaudRoXd5AiAwdwCMfgwCmU4QoqUAUKETzAEzwbt8aj8WK8zkaXjFmHPfgD4/0bl6GXEA==</latexit>vmax : max. valency of renormalizable interaction

<latexit sha1_base64="XRxKGDGA7/9dcpdLl2obiCrkZAc=">AAAB7nicbVA9SwNBEJ2LXzFGjYqVzWIQrMJdiihWERvLCOYDkiPsbfaS5fb2jt09MRwBW0sbC0VsBUv/iZ3/xs3FQhMfDPN4b5adeV7MmdK2/WXllpZXVtfy64WN4ubWdmlnt6WiRBLaJBGPZMfDinImaFMzzWknlhSHHqdtL7iY+u0bKhWLxLUex9QN8VAwnxGsjdQW/bQaTM76pbJdsTOgReL8kHJ9/6N8+168b/RLn71BRJKQCk04Vqrr2LF2Uyw1I5xOCr1E0RiTAA9p11CBQ6rcNFt3go6MMkB+JE0JjTL194sUh0qNQ89MhliP1Lw3Ff/zuon2T92UiTjRVJDZR37CkY7Q9HY0YJISzceGYCKZ2RWREZaYaJNQwYTgzJ+8SFrVilOr1K5MGud3kCEPB3AIx+DACdThEhrQBAIBPMATPFux9Wi9WK+z0Zw167AHf2C9fQMUgZLF</latexit>n2k :

<latexit sha1_base64="trav9WyJoG73KWmBL4pIRT48TLI=">AAAB9HicbVDLSgNBEOyNrxhfUY9eVoMQL2HXQ/QY8aDHCOYByRJmZyfJkNmHM73BsAT8C1E8KOLVj/GWv3Gy8aCJBU0XVd1MT7mR4Aota2JklpZXVtey67mNza3tnfzuXl2FsaSsRkMRyqZLFBM8YDXkKFgzkoz4rmANd3A59RtDJhUPg1scRczxSS/gXU4JaslpI7vHxOP+uHh10skXrJKVwlwk9g8pVA4nTxrP1U7+q+2FNPZZgFQQpVq2FaGTEImcCjbOtWPFIkIHpMdamgbEZ8pJ0qPH5rFWPLMbSl0Bmqn6eyMhvlIj39WTPsG+mvem4n9eK8buuZPwIIqRBXT2UDcWJobmNAHT45JRFCNNCJVc32rSPpGEos4pp0Ow57+8SOqnJbtcKt/oNC4eIEUWDuAIimDDGVTgGqpQAwp38Aiv8GYMjRfj3fiYjWaMWYd9+APj8xtUjpal</latexit>

dim(G)
<latexit sha1_base64="KBM0i2Lk0qKiE28E93Y2oQmvjhg=">AAAB6HicbZDLSgMxFIbP1Futt6pLN8EiuCozLqo7K25ctmAv0A4lk55pYzOZIckIpRTcu3GhiFsfxgdw59uYTl1o6w8hH/9/Qs45QSK4Nq775eRWVtfWN/Kbha3tnd294v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj61neukeleSxvzThBP6IDyUPOqLFWXfWKJbfsZiLL4P1A6fIjzFTrFT+7/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGNR0gi1P8kanZIT6/RJGCt7pCGZ+/vFhEZaj6PAVkbUDPViNjP/yzqpCS/8CZdJalCy+UdhKoiJyWxq0ucKmRFjC5QpbnslbEgVZcbupmCX4C2OvAzNs7JXKVfqbql69QCZ8nAEx3AKHpxDFW6gBg1ggPAIz/Di3DlPzqvzNi/NOfMbDuGPnPdvnKWQ5Q==</latexit>r

(not yet exhibited)

(not yet exhibited)

(Carrozza, Oriti, Rivasseau 2014; Carrozza 2015)
(Carrozza 2015)

(Samary 2013; Samary, Vignes-Tourneret 2014)
(Samary 2013; Samary, Vignes-Tourneret 2014; 
Benedetti, Lahoche 2016)
(Carrozza, Oriti, Rivasseau 2014; Lahoche 2015)
(Lahoche 2015)

just-renormalizable

super-renormalizable

finite

rank<latexit sha1_base64="/ftmmrNgyLQ1b0AG3QhdpOf98Jo=">AAAB6XicbZDLSgMxFIbP1Futt6pLN8EiuCozLqq4seLGZRV7gXYomTTThmYyQ3JGKKXgA7hxoYhb38UHcOfbmE5daOsPIR//f0LOOUEihUHX/XJyS8srq2v59cLG5tb2TnF3r2HiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5N8+Y910bE6g5HCfcj2lciFIyitW71ebdYcstuJrII3g+ULj7CTLVu8bPTi1kacYVMUmPanpugP6YaBZN8UuikhieUDWmfty0qGnHjj7NOJ+TIOj0SxtoehSRzf78Y08iYURTYyojiwMxnU/O/rJ1ieOaPhUpS5IrNPgpTSTAm07FJT2jOUI4sUKaF7ZWwAdWUoV1OwS7Bmx95ERonZa9Srty4perlA2TKwwEcwjF4cApVuIYa1IFBCI/wDC/O0HlyXp23WWnOmd2wD3/kvH8DGfKRKQ==</latexit>r :

(taken from Carrozza 2016)
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‣ once power-counting renormalizability checked:

‣ study running of couplings; check their convergence in UV and IR

GFT and perturbative/non-perturbative renormalization
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‣ once power-counting renormalizability checked:

GFT and perturbative/non-perturbative renormalization

‣ A.1) check consistency of theory in deep UV in perturbative scheme   

‣ Two goals of RG group investigations are:

‣ study running of couplings; check their convergence in UV and IR
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‣ once power-counting renormalizability checked:

GFT and perturbative/non-perturbative renormalization

‣ study running of couplings; check their convergence in UV and IR

‣ If couplings convergence to 0: theory is Gaussian = asymptotic freedom

‣ A.1) check consistency of theory in deep UV in perturbative scheme   
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‣ once power-counting renormalizability checked:

GFT and perturbative/non-perturbative renormalization

‣ study running of couplings; check their convergence in UV and IR

‣ A.1) check consistency of theory in deep UV in perturbative scheme   

ELSE: explore theory space away from perturbative fixed point

‣  A.2) check consistency of theory in deep UV in non-perturbative scheme   

15

‣ If couplings convergence to 0: theory is Gaussian = asymptotic freedom

‣ Two goals of RG group investigations are:



‣ once power-counting renormalizability checked:

GFT and perturbative/non-perturbative renormalization

‣ study running of couplings; check their convergence in UV and IR

‣ A.1) check consistency of theory in deep UV in perturbative scheme   

‣  If convergence to non-zero: theory is non-Gaussian =  asymptotic safety

‣ corresponds to non-trivial fixed point as UV completion of the theory

ELSE: explore theory space away from perturbative fixed point

‣  A.2) check consistency of theory in deep UV in non-perturbative scheme   

15

‣ If couplings convergence to 0: theory is Gaussian = asymptotic freedom

‣ Two goals of RG group investigations are:



‣ once power-counting renormalizability checked:

GFT and perturbative/non-perturbative renormalization

‣ study running of couplings; check their convergence in UV and IR

‣ A.1) check consistency of theory in deep UV in perturbative scheme   

‣ B) study behavior in deep IR: fixed points, different phases, phase transitions  

‣  A.2) check consistency of theory in deep UV in non-perturbative scheme   

‣ IR fixed points relate to continuum limits

15

‣ Two goals of RG group investigations are:



GFT and Functional Renormalization

Idea: While moving along scales, 
the form of the action changes. 

Fields and coupling constants are 
re-written (= renormalized) with 

respect to the current scale.

‣ address these goals for instance using the FRG methodology
(Wetterich 1993; Morris 1994)

16

theory space

flow across scales
<latexit sha1_base64="H00bJwcQxn+9uf1OZlvZzvGDrxo="></latexit>

�UV

<latexit sha1_base64="3OrAGVmv3olq+rNTNHNtoci71Sw="></latexit>

�IR

classical/bare action

full effective action

<latexit sha1_base64="KlyaWt/GSYtQ6ZQCVXceiSOF3Hg="></latexit>

Zk[J ] = eWk[J] =

Z
D�e�S[�]�(�,Rk�)+(J,�) <latexit sha1_base64="f/Y9Iedwwk5SArEevOaJUVUEJxQ="></latexit>

�k[�] = supJ ((J,�)�Wk[J ])� (�, Rk�)

scale-dependent partition function/generating functional

regulator function  
    eliminates UV (IR) modes 

RG scale
effective average/flowing action not an energy scale in GFT/spin foams



GFT and Functional Renormalization

successfully transferred to GFTs, matrix and tensor models

(Koslowski, Sfondrini 2010; Eichhorn, Koslowski 2013; Benedetti, Ben Geloun, Oriti 2014)

<latexit sha1_base64="C5dk5Z9xtgWdlFtMSrlGxyLNEJU="></latexit>

k@k�k[�] =
1

2
Tr

"✓
�2�k[�]

��2
+Rk

◆�1

k@kRk

#

theory space

<latexit sha1_base64="H00bJwcQxn+9uf1OZlvZzvGDrxo="></latexit>

�UV

<latexit sha1_base64="3OrAGVmv3olq+rNTNHNtoci71Sw="></latexit>

�IR

classical/bare action

full effective action

flow across scales

‣ address these goals for instance using the FRG methodology
(Wetterich 1993; Morris 1994)

<latexit sha1_base64="KlyaWt/GSYtQ6ZQCVXceiSOF3Hg="></latexit>

Zk[J ] = eWk[J] =

Z
D�e�S[�]�(�,Rk�)+(J,�) <latexit sha1_base64="f/Y9Iedwwk5SArEevOaJUVUEJxQ="></latexit>

�k[�] = supJ ((J,�)�Wk[J ])� (�, Rk�)

scale-dependent partition function/generating functional

regulator function  
    eliminates UV (IR) modes 

RG scale
effective average/flowing action not an energy scale in GFT/spin foams

16

‣  implement flow via Wetterich-Morris equation: 



‣ address these goals for instance using the FRG methodology

GFT and Functional Renormalization

(Wetterich 1993; Morris 1994)

‣ consistent set of equations only for dimensionless couplings
‣ re-scale dimensionful couplings with powers of RG scale
‣ precise re-scaling inferred from superficial degree of divergence

degree of divergence
<latexit sha1_base64="1UTzrbSB3ILqAAk6bq2ddbRooC8="></latexit>

�̄(k) :=
�(k)

k!

<latexit sha1_base64="f+POGBTA8Qo/tk1u8i4G/RW0jJ8="></latexit>

|Ak
�| / |�|k!

‣ from WM equation one obtains
<latexit sha1_base64="lQPpcwM1fIA38QV9Rx5OVcF7nQw=">AAAB7XicbVDLTgIxFL3jE/GFuGTTSEzcSGZcoEuMG5eYyCMBQjqlA5VOO2k7JmRCon/gxoXGuHXFz7jzG/QjLIMLBU9yc0/OuU3vPX7EmTau++EsLa+srq1nNrKbW9s7u7m9fF3LWBFaI5JL1fSxppwJWjPMcNqMFMWhz2nDH15M/cYtVZpJcW1GEe2EuC9YwAg2Vqq3fWrwcTdXdEtuCrRIvB9SrBS+8pP7yWe1m3tv9ySJQyoM4VjrludGppNgZRjhdJxtx5pGmAxxn7YsFTikupOk247RoVV6KJDKljAoVX+/SHCo9Sj07WSIzUDPe1PxP68Vm+CskzARxYYKMvsoiDkyEk1PRz2mKDF8ZAkmitldERlghYmxAWVtCN78yYukflLyyqXylU3j/A5SZKAAB3AEHpxCBS6hCjUgcAMP8ATPjnQenRfndTa65Mw67MMfOG/f35STgA==</latexit>

�� functions for the running couplings

<latexit sha1_base64="KlyaWt/GSYtQ6ZQCVXceiSOF3Hg="></latexit>

Zk[J ] = eWk[J] =

Z
D�e�S[�]�(�,Rk�)+(J,�) <latexit sha1_base64="f/Y9Iedwwk5SArEevOaJUVUEJxQ="></latexit>

�k[�] = supJ ((J,�)�Wk[J ])� (�, Rk�)

scale-dependent partition function/generating functional

regulator function  
    eliminates UV (IR) modes 

RG scale
effective average/flowing action not an energy scale in GFT/spin foams

16‣ set of functions vanishes at UV/IR fixed points



GFT and Functional Renormalization
‣ challenges for application to GFTs:

• re-scaling (degree of divergence) depends on precise combinatorics
• combinatorics:

• complicated structure of
<latexit sha1_base64="lQPpcwM1fIA38QV9Rx5OVcF7nQw=">AAAB7XicbVDLTgIxFL3jE/GFuGTTSEzcSGZcoEuMG5eYyCMBQjqlA5VOO2k7JmRCon/gxoXGuHXFz7jzG/QjLIMLBU9yc0/OuU3vPX7EmTau++EsLa+srq1nNrKbW9s7u7m9fF3LWBFaI5JL1fSxppwJWjPMcNqMFMWhz2nDH15M/cYtVZpJcW1GEe2EuC9YwAg2Vqq3fWrwcTdXdEtuCrRIvB9SrBS+8pP7yWe1m3tv9ySJQyoM4VjrludGppNgZRjhdJxtx5pGmAxxn7YsFTikupOk247RoVV6KJDKljAoVX+/SHCo9Sj07WSIzUDPe1PxP68Vm+CskzARxYYKMvsoiDkyEk1PRz2mKDF8ZAkmitldERlghYmxAWVtCN78yYukflLyyqXylU3j/A5SZKAAB3AEHpxCBS6hCjUgcAMP8ATPjnQenRfndTa65Mw67MMfOG/f35STgA==</latexit>

�� functions; typically non-autonomous
• difficult to check convergence of fixed points

17



GFT and Functional Renormalization

• combinatorics:

‣ results (depending on rank, group, group dimension, interaction) so far:

• in deep UV and IR:
<latexit sha1_base64="lQPpcwM1fIA38QV9Rx5OVcF7nQw=">AAAB7XicbVDLTgIxFL3jE/GFuGTTSEzcSGZcoEuMG5eYyCMBQjqlA5VOO2k7JmRCon/gxoXGuHXFz7jzG/QjLIMLBU9yc0/OuU3vPX7EmTau++EsLa+srq1nNrKbW9s7u7m9fF3LWBFaI5JL1fSxppwJWjPMcNqMFMWhz2nDH15M/cYtVZpJcW1GEe2EuC9YwAg2Vqq3fWrwcTdXdEtuCrRIvB9SrBS+8pP7yWe1m3tv9ySJQyoM4VjrludGppNgZRjhdJxtx5pGmAxxn7YsFTikupOk247RoVV6KJDKljAoVX+/SHCo9Sj07WSIzUDPe1PxP68Vm+CskzARxYYKMvsoiDkyEk1PRz2mKDF8ZAkmitldERlghYmxAWVtCN78yYukflLyyqXylU3j/A5SZKAAB3AEHpxCBS6hCjUgcAMP8ATPjnQenRfndTa65Mw67MMfOG/f35STgA==</latexit>

��functions become autonomous

• in deep UV: models with asymptotic freedom and asymptotic safety
(Samary 2013; Carrozza 2015; Rivasseau 2015) (Carrozza 2015; Carrozza 2015; Carrozza, Oriti, Rivasseau 2014)

(Benedetti, Ben Geloun, Oriti 2015; Ben Geloun, Martini, Oriti 2015; Carrozza 2015; Benedetti, Lahoche 2016; Ben 
Geloun, Martini, Oriti 2016; Carrozza, Lahoche 2017; Carrozza, Lahoche, Oriti 2017; Lahoche, Samary 2017; Ben 
Geloun, Koslowski, Oriti, Pereira 2018; Pithis, Thürigen 2020; Pithis, Thürigen 2021; Ben Geloun, Pithis, Thürigen 2024)

• re-scaling (degree of divergence) depends on precise combinatorics
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<latexit sha1_base64="lQPpcwM1fIA38QV9Rx5OVcF7nQw=">AAAB7XicbVDLTgIxFL3jE/GFuGTTSEzcSGZcoEuMG5eYyCMBQjqlA5VOO2k7JmRCon/gxoXGuHXFz7jzG/QjLIMLBU9yc0/OuU3vPX7EmTau++EsLa+srq1nNrKbW9s7u7m9fF3LWBFaI5JL1fSxppwJWjPMcNqMFMWhz2nDH15M/cYtVZpJcW1GEe2EuC9YwAg2Vqq3fWrwcTdXdEtuCrRIvB9SrBS+8pP7yWe1m3tv9ySJQyoM4VjrludGppNgZRjhdJxtx5pGmAxxn7YsFTikupOk247RoVV6KJDKljAoVX+/SHCo9Sj07WSIzUDPe1PxP68Vm+CskzARxYYKMvsoiDkyEk1PRz2mKDF8ZAkmitldERlghYmxAWVtCN78yYukflLyyqXylU3j/A5SZKAAB3AEHpxCBS6hCjUgcAMP8ATPjnQenRfndTa65Mw67MMfOG/f35STgA==</latexit>

�� functions; typically non-autonomous
• difficult to check convergence of fixed points



GFT and Functional Renormalization

• combinatorics:

‣ results (depending on rank, group, group dimension, interaction) so far:

• in deep UV and IR:
<latexit sha1_base64="lQPpcwM1fIA38QV9Rx5OVcF7nQw=">AAAB7XicbVDLTgIxFL3jE/GFuGTTSEzcSGZcoEuMG5eYyCMBQjqlA5VOO2k7JmRCon/gxoXGuHXFz7jzG/QjLIMLBU9yc0/OuU3vPX7EmTau++EsLa+srq1nNrKbW9s7u7m9fF3LWBFaI5JL1fSxppwJWjPMcNqMFMWhz2nDH15M/cYtVZpJcW1GEe2EuC9YwAg2Vqq3fWrwcTdXdEtuCrRIvB9SrBS+8pP7yWe1m3tv9ySJQyoM4VjrludGppNgZRjhdJxtx5pGmAxxn7YsFTikupOk247RoVV6KJDKljAoVX+/SHCo9Sj07WSIzUDPe1PxP68Vm+CskzARxYYKMvsoiDkyEk1PRz2mKDF8ZAkmitldERlghYmxAWVtCN78yYukflLyyqXylU3j/A5SZKAAB3AEHpxCBS6hCjUgcAMP8ATPjnQenRfndTa65Mw67MMfOG/f35STgA==</latexit>

��functions become autonomous

• in deep UV: models with asymptotic freedom and asymptotic safety
(Samary 2013; Carrozza 2015; Rivasseau 2015) (Carrozza 2015; Carrozza 2015; Carrozza, Oriti, Rivasseau 2014)

(Benedetti, Ben Geloun, Oriti 2015; Ben Geloun, Martini, Oriti 2015; Carrozza 2015; Benedetti, Lahoche 2016; Ben 
Geloun, Martini, Oriti 2016; Carrozza, Lahoche 2017; Carrozza, Lahoche, Oriti 2017; Lahoche, Samary 2017; Ben 
Geloun, Koslowski, Oriti, Pereira 2018; Pithis, Thürigen 2020; Pithis, Thürigen 2021; Ben Geloun, Pithis, Thürigen 2024)

• in deep IR: if Lie group non-compact: condensate phases + phase transitions
(Benedetti, Ben Geloun, Oriti 2015; Ben Geloun, Martini, Oriti 2015; Ben Geloun, Martini, 
Oriti 2016; Pithis, Thürigen 2020; Pithis, Thürigen 2021; Ben Geloun, Pithis, Thürigen 2024)

• re-scaling (degree of divergence) depends on precise combinatorics
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‣ challenges for application to GFTs:
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<latexit sha1_base64="lQPpcwM1fIA38QV9Rx5OVcF7nQw=">AAAB7XicbVDLTgIxFL3jE/GFuGTTSEzcSGZcoEuMG5eYyCMBQjqlA5VOO2k7JmRCon/gxoXGuHXFz7jzG/QjLIMLBU9yc0/OuU3vPX7EmTau++EsLa+srq1nNrKbW9s7u7m9fF3LWBFaI5JL1fSxppwJWjPMcNqMFMWhz2nDH15M/cYtVZpJcW1GEe2EuC9YwAg2Vqq3fWrwcTdXdEtuCrRIvB9SrBS+8pP7yWe1m3tv9ySJQyoM4VjrludGppNgZRjhdJxtx5pGmAxxn7YsFTikupOk247RoVV6KJDKljAoVX+/SHCo9Sj07WSIzUDPe1PxP68Vm+CskzARxYYKMvsoiDkyEk1PRz2mKDF8ZAkmitldERlghYmxAWVtCN78yYukflLyyqXylU3j/A5SZKAAB3AEHpxCBS6hCjUgcAMP8ATPjnQenRfndTa65Mw67MMfOG/f35STgA==</latexit>

�� functions; typically non-autonomous
• difficult to check convergence of fixed points



GFT and Functional Renormalization

• combinatorics:

‣ results (depending on rank, group, group dimension, interaction) so far:

• in deep UV and IR:
<latexit sha1_base64="lQPpcwM1fIA38QV9Rx5OVcF7nQw=">AAAB7XicbVDLTgIxFL3jE/GFuGTTSEzcSGZcoEuMG5eYyCMBQjqlA5VOO2k7JmRCon/gxoXGuHXFz7jzG/QjLIMLBU9yc0/OuU3vPX7EmTau++EsLa+srq1nNrKbW9s7u7m9fF3LWBFaI5JL1fSxppwJWjPMcNqMFMWhz2nDH15M/cYtVZpJcW1GEe2EuC9YwAg2Vqq3fWrwcTdXdEtuCrRIvB9SrBS+8pP7yWe1m3tv9ySJQyoM4VjrludGppNgZRjhdJxtx5pGmAxxn7YsFTikupOk247RoVV6KJDKljAoVX+/SHCo9Sj07WSIzUDPe1PxP68Vm+CskzARxYYKMvsoiDkyEk1PRz2mKDF8ZAkmitldERlghYmxAWVtCN78yYukflLyyqXylU3j/A5SZKAAB3AEHpxCBS6hCjUgcAMP8ATPjnQenRfndTa65Mw67MMfOG/f35STgA==</latexit>

��functions become autonomous

• in deep UV: models with asymptotic freedom and asymptotic safety
(Samary 2013; Carrozza 2015; Rivasseau 2015) (Carrozza 2015; Carrozza 2015; Carrozza, Oriti, Rivasseau 2014)

(Benedetti, Ben Geloun, Oriti 2015; Ben Geloun, Martini, Oriti 2015; Carrozza 2015; Benedetti, Lahoche 2016; Ben 
Geloun, Martini, Oriti 2016; Carrozza, Lahoche 2017; Carrozza, Lahoche, Oriti 2017; Lahoche, Samary 2017; Ben 
Geloun, Koslowski, Oriti, Pereira 2018; Pithis, Thürigen 2020; Pithis, Thürigen 2021; Ben Geloun, Pithis, Thürigen 2024)

• in deep IR: if Lie group non-compact: condensate phases + phase transitions
(Benedetti, Ben Geloun, Oriti 2015; Ben Geloun, Martini, Oriti 2015; Ben Geloun, Martini, 
Oriti 2016; Pithis, Thürigen 2020; Pithis, Thürigen 2021; Ben Geloun, Pithis, Thürigen 2024)

• for rank 4 model on
<latexit sha1_base64="sCv1G/6LvkEprLUelfZuTHIxwCg=">AAACAnicbVC7SgNBFL0bXzG+olZisxqECBJ2U0QbIZJCC4uI5gFJCLOTSTJk9sHMXTEsQQt/QnsbC0Vs/Qq7/I2TxEKjBy73cM4d5t7jBIIrtKyhEZuZnZtfiC8mlpZXVteS6xtl5YeSshL1hS+rDlFMcI+VkKNg1UAy4jqCVZxeYeRXrplU3PeusB+whks6Hm9zSlBLzeTW6XEd2Q1Gl+eDdPag7hLsOk5UGOw3kykrY41h/iX2N0nld4YPGo/FZvKz3vJp6DIPqSBK1WwrwEZEJHIq2CBRDxULCO2RDqtp6hGXqUY0PmFg7mmlZbZ9qctDc6z+fBERV6m+6+jJ0Ypq2huJ/3m1ENtHjYh7QYjMo5OP2qEw0TdHeZgtLhlF0deEUMn1ribtEkko6tQSOgR7+uS/pJzN2LlM7kKncXIHY8RhG3YhDTYcQh7OoAgloHALT/ACr8a98Wy8Ge+T0Zgx6bAJv2B8fAHsoptT</latexit>

G = SL(2,C) + BC simplicity constraints (Jercher, Pithis, Thürigen wip)

• re-scaling (degree of divergence) depends on precise combinatorics
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‣ challenges for application to GFTs:

• complicated structure of
<latexit sha1_base64="lQPpcwM1fIA38QV9Rx5OVcF7nQw=">AAAB7XicbVDLTgIxFL3jE/GFuGTTSEzcSGZcoEuMG5eYyCMBQjqlA5VOO2k7JmRCon/gxoXGuHXFz7jzG/QjLIMLBU9yc0/OuU3vPX7EmTau++EsLa+srq1nNrKbW9s7u7m9fF3LWBFaI5JL1fSxppwJWjPMcNqMFMWhz2nDH15M/cYtVZpJcW1GEe2EuC9YwAg2Vqq3fWrwcTdXdEtuCrRIvB9SrBS+8pP7yWe1m3tv9ySJQyoM4VjrludGppNgZRjhdJxtx5pGmAxxn7YsFTikupOk247RoVV6KJDKljAoVX+/SHCo9Sj07WSIzUDPe1PxP68Vm+CskzARxYYKMvsoiDkyEk1PRz2mKDF8ZAkmitldERlghYmxAWVtCN78yYukflLyyqXylU3j/A5SZKAAB3AEHpxCBS6hCjUgcAMP8ATPjnQenRfndTa65Mw67MMfOG/f35STgA==</latexit>

�� functions; typically non-autonomous
• difficult to check convergence of fixed points



Snapshot of FRG applied to Lorentzian cyclic melons + BC simplicity

<latexit sha1_base64="+YwPlNt/yUI9QHgq2c5C6z/TfRA="></latexit>

�k[', '̄] = h'|Kk|'i+ �IA
k [', '̄]

<latexit sha1_base64="ySuFi0mNrUqHe4oecL91OyFSnFo="></latexit>

k@kUk(v) = Zkk
2

0

@
4Y

c=1

Z
d⇢c

X

jc,mc

1

A |D(⇢c,0)
jcmc00

(e)|2
<latexit sha1_base64="HqjuqwgWxAqaapmtZV6qkF8i3Fk="></latexit>

X

↵=0,1

" ⇣
1� ⌘k

2

⇣
1�

P
c Cas1,⇢c
(ak)2

⌘⌘
✓
�
(ak)2 �

P
c Cas1,⇢c

�

Zkk2 + µk +
P

c O
c
(⇢,j,m)V

c
k
0(v) + ↵

⇣Q
c

1
⇢2
c
�(⇢c � i)�0jc�0mc

⌘
2v

P
c V

c
k
00(v)
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non-local operator due to GFT interaction

complex field

<latexit sha1_base64="WTXZzSJsbisUOOzNnXXiW6XAJHg="></latexit>

k@k�k[', '̄] =
1

2
STr

⇣
�(2)
k [', '̄] +RkI2

⌘�1
(k@k)RkI2

�

<latexit sha1_base64="hchWfknRsb0sCYddwoxXcfR0jTA="></latexit>

Uk(v) := µkv +
4X

c=1

V c
k (v)

<latexit sha1_base64="xI38WtfthkeKXwjrUL+TtiwmlIE=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lKUS9C0YvHCvYD2hg22227dLMJu5tCTftLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvCDmTGnH+bbW1jc2t7ZzO/ndvf2Dgn141FBRIgmtk4hHshVgRTkTtK6Z5rQVS4rDgNNmMLyd+c0RlYpF4kGPY+qFuC9YjxGsjeTbhUlnhGU8YL4zeSxfj3y76JScOdAqcTNShAw13/7qdCOShFRowrFSbdeJtZdiqRnhdJrvJIrGmAxxn7YNFTikykvnh0/RmVG6qBdJU0Kjufp7IsWhUuMwMJ0h1gO17M3E/7x2ontXXspEnGgqyGJRL+FIR2iWAuoySYnmY0MwkczcisgAS0y0ySpvQnCXX14ljXLJvShV7ivF6k0WRw5O4BTOwYVLqMId1KAOBBJ4hld4s56sF+vd+li0rlnZzDH8gfX5A3oOkvo=</latexit>

|'0|2 = vprojection

regulator on
<latexit sha1_base64="sCv1G/6LvkEprLUelfZuTHIxwCg=">AAACAnicbVC7SgNBFL0bXzG+olZisxqECBJ2U0QbIZJCC4uI5gFJCLOTSTJk9sHMXTEsQQt/QnsbC0Vs/Qq7/I2TxEKjBy73cM4d5t7jBIIrtKyhEZuZnZtfiC8mlpZXVteS6xtl5YeSshL1hS+rDlFMcI+VkKNg1UAy4jqCVZxeYeRXrplU3PeusB+whks6Hm9zSlBLzeTW6XEd2Q1Gl+eDdPag7hLsOk5UGOw3kykrY41h/iX2N0nld4YPGo/FZvKz3vJp6DIPqSBK1WwrwEZEJHIq2CBRDxULCO2RDqtp6hGXqUY0PmFg7mmlZbZ9qctDc6z+fBERV6m+6+jJ0Ypq2huJ/3m1ENtHjYh7QYjMo5OP2qEw0TdHeZgtLhlF0deEUMn1ribtEkko6tQSOgR7+uS/pJzN2LlM7kKncXIHY8RhG3YhDTYcQh7OoAgloHALT/ACr8a98Wy8Ge+T0Zgx6bAJv2B8fAHsoptT</latexit>

G = SL(2,C)

(Jercher, Pithis, Thürigen wip)
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results so far suggest: 

• agreement with LG analysis results (see next slides)

• in IR only Gaussian FP: asymptotic freedom
• would also apply when other type of interaction used

in the deep IR:
<latexit sha1_base64="RZKoMEgGvYlJ/pSXp67OSvyKu9A="></latexit>

k@kUk ⇠
✓
1� 1

(ak)2

◆ 1
2

✓

✓
1� 1

(ak)2

◆
! 0

<latexit sha1_base64="l5eTLy0Tx/QbJV5ox5RsoK8RlSc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIp6rLoxmUF+4AmhMl00g6dZMLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPBNTjOt7W0vLK6tl7aKG9ube/s2nv7LS0zRVmTSiFVJySaCZ6wJnAQrJMqRuJQsHY4vJ747XumNJfJHYxS5sekn/CIUwJGCuxDjwEJhthTvD8AopR8wE5gV5yqMwVeJG5BKqhAI7C/vJ6kWcwSoIJo3XWdFPycKOBUsHHZyzRLCR2SPusampCYaT+fXj/GJ0bp4UgqUwngqfp7Iiex1qM4NJ0xgYGe9ybif143g+jSz3mSZsASOlsUZQKDxJMocI8rRkGMDCFUcXMrpgOiCAUTWNmE4M6/vEhaZ1X3vFq7rVXqV0UcJXSEjtEpctEFqqMb1EBNRNEjekav6M16sl6sd+tj1rpkFTMH6A+szx8AyZTx</latexit>

⌘k ! 0
due to regulator on

<latexit sha1_base64="sCv1G/6LvkEprLUelfZuTHIxwCg=">AAACAnicbVC7SgNBFL0bXzG+olZisxqECBJ2U0QbIZJCC4uI5gFJCLOTSTJk9sHMXTEsQQt/QnsbC0Vs/Qq7/I2TxEKjBy73cM4d5t7jBIIrtKyhEZuZnZtfiC8mlpZXVteS6xtl5YeSshL1hS+rDlFMcI+VkKNg1UAy4jqCVZxeYeRXrplU3PeusB+whks6Hm9zSlBLzeTW6XEd2Q1Gl+eDdPag7hLsOk5UGOw3kykrY41h/iX2N0nld4YPGo/FZvKz3vJp6DIPqSBK1WwrwEZEJHIq2CBRDxULCO2RDqtp6hGXqUY0PmFg7mmlZbZ9qctDc6z+fBERV6m+6+jJ0Ypq2huJ/3m1ENtHjYh7QYjMo5OP2qEw0TdHeZgtLhlF0deEUMn1ribtEkko6tQSOgR7+uS/pJzN2LlM7kKncXIHY8RhG3YhDTYcQh7OoAgloHALT/ACr8a98Wy8Ge+T0Zgx6bAJv2B8fAHsoptT</latexit>

G = SL(2,C)
anomalous dimension

spacelike

• expect same for model with EPRL simplicity constraints

“ ”



GFT and Landau-Ginzburg mean-field theory

<latexit sha1_base64="lxhB+VxOXXk4H4+ClxW8tEeK7Yg="></latexit>

G
<latexit sha1_base64="8ZSJFxsSyAZr4gr65D4ZRTGBqQA="></latexit>

�

<latexit sha1_base64="IiMwzuxdyJ/yHSShy8nBPJs44yk="></latexit>

I

<latexit sha1_base64="OL2P4rFH2qlOjGnCtlzkMOsjnp8="></latexit>

II

<latexit sha1_base64="9W6W5mEAPHuoMKZo9Hi0v0h0Abk=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJDz2Z9ssVr+rNgVeJn5MK5Gj0y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/dYrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10XWQcZWklim6WBSlAtsYz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6R1UfUvq7X7WqV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwBgTI3f</latexit>µ

<latexit sha1_base64="TSP+VFfMMQkLGGETMyXl3nR2gHI="></latexit>

h'0i = 0 ! h'0i 6= 0

allows to check for phase transition

‣ yields coarse account of phase structure around Gaussian fixed point

‣ done via saddle-point evaluation
‣ investigation of quadratic perturbations around saddle-point (=mean-field)

(Pithis, Thürigen 2018; Marchetti, Oriti, Pithis Thürigen 2021; Marchetti, Oriti, Pithis 
Thürigen 2023; Marchetti, Oriti, Pithis Thürigen 2023; Dekhil, Jercher, Oriti, Pithis 2024)

19

~ number of quanta large/infinite

~ continuum limit (for GFT tentatively)

<latexit sha1_base64="iYZvzXP2SkbJkbedWt408o2+K5I=">AAACGXicbVC7SgNBFJ2NrxhfUUubwSDYGHZF1EYIamGpaKKYXcPs5CYZMvtg5q4Ylv0NG3/FxkIRS638GydxC40eGDiccy9zz/FjKTTa9qdVmJicmp4pzpbm5hcWl8rLKw0dJYpDnUcyUlc+0yBFCHUUKOEqVsACX8Kl3z8a+pe3oLSIwgscxOAFrBuKjuAMjdQq29cHrgiRugHDHmcyPc7cW6binqAuwh2mkN2kW+fNXPSyVrliV+0R6F/i5KRCcpy2yu9uO+JJACFyybRuOnaMXsoUCi4hK7mJhpjxPutC09CQBaC9dJQsoxtGadNOpMwzV47UnxspC7QeBL6ZHAbQ495Q/M9rJtjZ91IRxglCyL8/6iSSYkSHNdG2UMBRDgxhXAlzK+U9phhHU2bJlOCMR/5LGttVZ7e6c7ZTqR3mdRTJGlknm8Qhe6RGTsgpqRNO7skjeSYv1oP1ZL1ab9+jBSvfWSW/YH18AaaloVw=</latexit>

Z =

Z
D'e�S[']‣ full RG treatment is complex: approximate evaluation of

Interesting for GFT:

phase diagram

mass

coupling



theory space

coarse-graining
<latexit sha1_base64="H00bJwcQxn+9uf1OZlvZzvGDrxo="></latexit>

�UV

<latexit sha1_base64="3OrAGVmv3olq+rNTNHNtoci71Sw="></latexit>

�IR

classical/bare action

full effective action

from Wilsonian perspective:

‣ from action compute equation of motion

‣ linearize equation of motion 
<latexit sha1_base64="qUXcTKTwf+NSPgr5eMFSQ96ZGOU=">AAACMnicdVDLSgMxFM3UV62vUZdugkWoKGWmFnVZdKO7CvYBnWHIpGkbmnmQ3CmU0v6SG79EcKELRdz6EaaPhbZ64YbDOfdwc48fC67Asl6M1NLyyupaej2zsbm1vWPu7lVVlEjKKjQSkaz7RDHBQ1YBDoLVY8lI4AtW87vXY73WY1LxKLyHfszcgLRD3uKUgKY889bpERl3eK7t2adtr6D7THfxeDRyINLPVPYsfIKdJhNA/jN4ZtbKW5PCi8CegSyaVdkzn5xmRJOAhUAFUaphWzG4AyKBU8GGGSdRLCa0S9qsoWFIAqbcweTkIT7STBO3Iqk7BDxhfzoGJFCqH/h6MiDQUfPamPxLayTQunQHPIwTYCGdLmolAkOEx/nhJpeMguhrQKjk+q+YdogkFHTKGR2CPX/yIqgW8vZ5vnhXzJauZnGk0QE6RDlkowtUQjeojCqIogf0jN7Qu/FovBofxud0NGXMPPvoVxlf3zHzqEU=</latexit>

'(g1, g2, g3, g4) ! '0 + �'(g1, g2, g3, g4)

background fluctuations

GFT and Landau-Ginzburg mean-field theory

• choose phenomenological action      between UV and IR

• effective theory adapted to symmetries of the system at hand

‣ compute uniform minimizers (background) <latexit sha1_base64="D3y1q3iCq3UZv2gsn6dUZRcZZqM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsLXSLiWbZtvQJBuSbKEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLa+sbmVnG7tLO7t39QPjxqmSTVhDZJwhPdjrChnEnatMxy2laaYhFx+hiNbmf+45hqwxL5YCeKhgIPJIsZwdZJT90x1mrIen6vXPGr/hxolQQ5qUCORq/81e0nJBVUWsKxMZ3AVzbMsLaMcDotdVNDFSYjPKAdRyUW1ITZ/OApOnNKH8WJdiUtmqu/JzIsjJmIyHUKbIdm2ZuJ/3md1MbXYcakSi2VZLEoTjmyCZp9j/pMU2L5xBFMNHO3IjLEGhPrMiq5EILll1dJ66Ia1Kq1+8tK/SaPowgncArnEMAV1OEOGtAEAgKe4RXePO29eO/ex6K14OUzx/AH3ucPp7SQVA==</latexit>'0

‣ extract correlation function and correlation length
<latexit sha1_base64="4FU0rMB6y5oa85gmpO14jKVoy68=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBg5Rdkeqx2IvHCvYD2qVk02wbm02WJCuWpf4GLx4U8er/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aGqZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo9rUbz1QpZkUd2YcUz/CA8FCRrCxUrN29tR9ZL1iyS27M6Bl4mWkBBnqveJXty9JElFhCMdadzw3Nn6KlWGE00mhm2gaYzLCA9qxVOCIaj+dXTtBJ1bpo1AqW8Kgmfp7IsWR1uMosJ0RNkO96E3F/7xOYsIrP2UiTgwVZL4oTDgyEk1fR32mKDF8bAkmitlbERlihYmxARVsCN7iy8ukeV72KuXK7UWpep3FkYcjOIZT8OASqnADdWgAgXt4hld4c6Tz4rw7H/PWnJPNHMIfOJ8/OQCO6w==</latexit>

C, ⇠

‣ compute Ginzburg Q (strength of fluctuations over      )
<latexit sha1_base64="pGveGehkyuQa6Ye9LhCO6KOnT3s="></latexit>

Q =

R
⇠(dg)

4C(g1, g2, g3, g4)R
⇠(dg)

4'2
0

<latexit sha1_base64="D3y1q3iCq3UZv2gsn6dUZRcZZqM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsLXSLiWbZtvQJBuSbKEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLa+sbmVnG7tLO7t39QPjxqmSTVhDZJwhPdjrChnEnatMxy2laaYhFx+hiNbmf+45hqwxL5YCeKhgIPJIsZwdZJT90x1mrIen6vXPGr/hxolQQ5qUCORq/81e0nJBVUWsKxMZ3AVzbMsLaMcDotdVNDFSYjPKAdRyUW1ITZ/OApOnNKH8WJdiUtmqu/JzIsjJmIyHUKbIdm2ZuJ/3md1MbXYcakSi2VZLEoTjmyCZp9j/pMU2L5xBFMNHO3IjLEGhPrMiq5EILll1dJ66Ia1Kq1+8tK/SaPowgncArnEMAV1OEOGtAEAgKe4RXePO29eO/ex6K14OUzx/AH3ucPp7SQVA==</latexit>'0

‣should be small then mean-field theory self-consistent

(Pithis, Thürigen 2018; Marchetti, Oriti, Pithis Thürigen 2021; Marchetti, Oriti, Pithis 
Thürigen 2023; Marchetti, Oriti, Pithis Thürigen 2023; Dekhil, Jercher, Oriti, Pithis 2024)
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<latexit sha1_base64="TEqbuCHL1I00E/bpyOoYq5+Wvy4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hyiOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALG3jOI=</latexit>

S



Results: Ginzburg Q

‣generalization to arbitrary interactions: 
<latexit sha1_base64="kDERHbP/cKBqAdf1M/YnbrtU4bw="></latexit>

Q ⇠ �
2

V��2
� ⇠

V�
V��2 e�2(4�s0)

⇠
a

valency of interaction

specifies non-local combinatorics

rank

<latexit sha1_base64="WSqzm8H7V6iyJE8w31VrFlPFNH4="></latexit>

Q ⇠ ��⇠
2e�2(4�s0)

⇠
a

‣ results for spacelike quartic model + BC simplicity:

exponential suppression due to hyperbolic domain

domain derived from Lorentz group
skirt radius: <latexit sha1_base64="g1udoKqo8BCWu2kpDHD3VWkGU3k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxkuM7g==</latexit>a

<latexit sha1_base64="ZknBKykUfJOZO4pH/9+6WIenAhg=">AAACFHicbVDLSgMxFM34rPVVdekmWISKUmaqVDdCsQu7cFHRPqAzlkyaaUOTmSHJCGWYj3Djr7hxoYhbF+78G9OHoK0HAueecy+597gho1KZ5pcxN7+wuLScWkmvrq1vbGa2tusyiAQmNRywQDRdJAmjPqkpqhhphoIg7jLScPvlod+4J0LSwL9Vg5A4HHV96lGMlJbamcPLc5sj1RM8vrlKcoWjUeW6cTk5sCXlP2UluTtuZ7Jm3hwBzhJrQrJggmo782l3Ahxx4ivMkJQtywyVEyOhKGYkSduRJCHCfdQlLU19xIl04tFRCdzXSgd6gdDPV3Ck/p6IEZdywF3dOdxRTntD8T+vFSnvzImpH0aK+Hj8kRcxqAI4TAh2qCBYsYEmCAuqd4W4hwTCSueY1iFY0yfPknohbxXzxeuTbOliEkcK7II9kAMWOAUlUAFVUAMYPIAn8AJejUfj2Xgz3setc8ZkZgf8gfHxDT0unlg=</latexit>

G = SL(2,C) ⇠ H
3

<latexit sha1_base64="/vHCfr05HfBaM3u+d6PU5kDc6e4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBdMW2lA220m7dLMJuxuhlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48auokUwx9lohEtUOqUXCJvuFGYDtVSONQYCsc3c381hMqzRP5aMYpBjEdSB5xRo2VfN1zb9xeueJW3TnIKvFyUoEcjV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0ryoepfV2kOtUr/N4yjCCZzCOXhwBXW4hwb4wIDDM7zCmyOdF+fd+Vi0Fpx85hj+wPn8AfbDjiQ=</latexit>

s0 = 0

<latexit sha1_base64="sGEr83cdauSAUDCMRluzcdzF/QE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBdMW2lA220m7dLMJuxuhlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48auokUwx9lohEtUOqUXCJvuFGYDtVSONQYCsc3c381hMqzRP5aMYpBjEdSB5xRo2VfN1zb7xeueJW3TnIKvFyUoEcjV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0ryoepfV2kOtUr/N4yjCCZzCOXhwBXW4hwb4wIDDM7zCmyOdF+fd+Vi0Fpx85hj+wPn8AfhHjiU=</latexit>

s0 = 1

<latexit sha1_base64="OB1isd59AVx3tLVhDzbDq1brWhU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUS9C0YvHCqYW2lA22027dLMJuxOhlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0ylMOi6305hbX1jc6u4XdrZ3ds/KB8etUySacZ9lshEt0NquBSK+yhQ8naqOY1DyR/D0e3Mf3zi2ohEPeA45UFMB0pEglG0km967nWtV664VXcOskq8nFQgR7NX/ur2E5bFXCGT1JiO56YYTKhGwSSflrqZ4SllIzrgHUsVjbkJJvNjp+TMKn0SJdqWQjJXf09MaGzMOA5tZ0xxaJa9mfif18kwugomQqUZcsUWi6JMEkzI7HPSF5ozlGNLKNPC3krYkGrK0OZTsiF4yy+vklat6l1U6/f1SuMmj6MIJ3AK5+DBJTTgDprgAwMBz/AKb45yXpx352PRWnDymWP4A+fzB/nLjiY=</latexit>

s0 = 2

<latexit sha1_base64="qVDf6s3nT2EhpLeqW7fCwiYNbCw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qBeh6MVjBdMW2lA22027dLMJuxOhlP4GLx4U8eoP8ua/cdvmoNUHA4/3ZpiZF6ZSGHTdL6ewsrq2vlHcLG1t7+zulfcPmibJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDvzW49cG5GoBxynPIjpQIlIMIpW8k3PvT7vlStu1Z2D/CVeTiqQo9Erf3b7CctirpBJakzHc1MMJlSjYJJPS93M8JSyER3wjqWKxtwEk/mxU3JilT6JEm1LIZmrPycmNDZmHIe2M6Y4NMveTPzP62QYXQUTodIMuWKLRVEmCSZk9jnpC80ZyrEllGlhbyVsSDVlaPMp2RC85Zf/kuZZ1buo1u5rlfpNHkcRjuAYTsGDS6jDHTTABwYCnuAFXh3lPDtvzvuiteDkM4fwC87HN/tPjic=</latexit>

s0 = 3

<latexit sha1_base64="KyTtZxGJj4onK0c6AO3YtmhMt9Y=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoMQm3AnQS0sgjaWEcwHJEfY28wlS/b2jt09IYT8CBsLRWz9PXb+GzfJFZr4YODx3gwz84JEcG1c99vJra1vbG7ltws7u3v7B8XDo6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRnczv/WESvNYPppxgn5EB5KHnFFjpVZZ99yb6nmvWHIr7hxklXgZKUGGeq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+blTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmv5M+V8iMGFtCmeL2VsKGVFFmbEIFG4K3/PIqaV5UvMtK9aFaqt1mceThBE6hDB5cQQ3uoQ4NYDCCZ3iFNydxXpx352PRmnOymWP4A+fzB8Jdjow=</latexit>

(s0 < 4)

tensorial

<latexit sha1_base64="wplLSeZG7rOgHUVcPa+dCJtP3Xo=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPidmPHg==</latexit>�graph

coupling 

<latexit sha1_base64="HlZ4jkfXEKQK6iy5yivl+ABzJ5Y=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseiF48V7Ac0oWy2m3bpZjfsTsQQ+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MBHcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrVlLWpEkr3QmKY4JK1gYNgvUQzEoeCdcPJ7czvPjJtuJIPkCUsiMlI8ohTAlby/Sfug/K5jCAbVGtu3Z0DrxKvIDVUoDWofvlDRdOYSaCCGNP33ASCnGjgVLBpxU8NSwidkBHrWypJzEyQz2+e4jOrDHGktC0JeK7+nshJbEwWh7YzJjA2y95M/M/rpxBdBzmXSQpM0sWiKBUYFJ4FgIdcMwois4RQze2tmI6JJhRsTBUbgrf88irpXNS9Rr1xf1lr3hRxlNEJOkXnyENXqInuUAu1EUUJekav6M1JnRfn3flYtJacYuYY/YHz+QN8qZH/</latexit>

⇠ ! 1
at criticality

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0

(Marchetti, Oriti, Pithis Thürigen 2021; Marchetti, Oriti, Pithis Thürigen 2023; 
Marchetti, Oriti, Pithis Thürigen 2023; Dekhil, Jercher, Oriti, Pithis 2024)

= Landau-Ginzburg theory 
self-consistent

21



‣generalization to arbitrary interactions: 
<latexit sha1_base64="kDERHbP/cKBqAdf1M/YnbrtU4bw="></latexit>

Q ⇠ �
2

V��2
� ⇠

V�
V��2 e�2(4�s0)

⇠
a

valency of interaction

specifies non-local combinatorics

rank

<latexit sha1_base64="WSqzm8H7V6iyJE8w31VrFlPFNH4="></latexit>

Q ⇠ ��⇠
2e�2(4�s0)

⇠
a

‣ results for spacelike quartic model + BC simplicity:

exponential suppression due to hyperbolic domain

domain derived from Lorentz group
skirt radius: <latexit sha1_base64="g1udoKqo8BCWu2kpDHD3VWkGU3k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxkuM7g==</latexit>a

<latexit sha1_base64="ZknBKykUfJOZO4pH/9+6WIenAhg=">AAACFHicbVDLSgMxFM34rPVVdekmWISKUmaqVDdCsQu7cFHRPqAzlkyaaUOTmSHJCGWYj3Djr7hxoYhbF+78G9OHoK0HAueecy+597gho1KZ5pcxN7+wuLScWkmvrq1vbGa2tusyiAQmNRywQDRdJAmjPqkpqhhphoIg7jLScPvlod+4J0LSwL9Vg5A4HHV96lGMlJbamcPLc5sj1RM8vrlKcoWjUeW6cTk5sCXlP2UluTtuZ7Jm3hwBzhJrQrJggmo782l3Ahxx4ivMkJQtywyVEyOhKGYkSduRJCHCfdQlLU19xIl04tFRCdzXSgd6gdDPV3Ck/p6IEZdywF3dOdxRTntD8T+vFSnvzImpH0aK+Hj8kRcxqAI4TAh2qCBYsYEmCAuqd4W4hwTCSueY1iFY0yfPknohbxXzxeuTbOliEkcK7II9kAMWOAUlUAFVUAMYPIAn8AJejUfj2Xgz3setc8ZkZgf8gfHxDT0unlg=</latexit>

G = SL(2,C) ⇠ H
3

<latexit sha1_base64="/vHCfr05HfBaM3u+d6PU5kDc6e4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBdMW2lA220m7dLMJuxuhlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48auokUwx9lohEtUOqUXCJvuFGYDtVSONQYCsc3c381hMqzRP5aMYpBjEdSB5xRo2VfN1zb9xeueJW3TnIKvFyUoEcjV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0ryoepfV2kOtUr/N4yjCCZzCOXhwBXW4hwb4wIDDM7zCmyOdF+fd+Vi0Fpx85hj+wPn8AfbDjiQ=</latexit>

s0 = 0

<latexit sha1_base64="sGEr83cdauSAUDCMRluzcdzF/QE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBdMW2lA220m7dLMJuxuhlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48auokUwx9lohEtUOqUXCJvuFGYDtVSONQYCsc3c381hMqzRP5aMYpBjEdSB5xRo2VfN1zb7xeueJW3TnIKvFyUoEcjV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0ryoepfV2kOtUr/N4yjCCZzCOXhwBXW4hwb4wIDDM7zCmyOdF+fd+Vi0Fpx85hj+wPn8AfhHjiU=</latexit>

s0 = 1

<latexit sha1_base64="OB1isd59AVx3tLVhDzbDq1brWhU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUS9C0YvHCqYW2lA22027dLMJuxOhlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0ylMOi6305hbX1jc6u4XdrZ3ds/KB8etUySacZ9lshEt0NquBSK+yhQ8naqOY1DyR/D0e3Mf3zi2ohEPeA45UFMB0pEglG0km967nWtV664VXcOskq8nFQgR7NX/ur2E5bFXCGT1JiO56YYTKhGwSSflrqZ4SllIzrgHUsVjbkJJvNjp+TMKn0SJdqWQjJXf09MaGzMOA5tZ0xxaJa9mfif18kwugomQqUZcsUWi6JMEkzI7HPSF5ozlGNLKNPC3krYkGrK0OZTsiF4yy+vklat6l1U6/f1SuMmj6MIJ3AK5+DBJTTgDprgAwMBz/AKb45yXpx352PRWnDymWP4A+fzB/nLjiY=</latexit>

s0 = 2

<latexit sha1_base64="qVDf6s3nT2EhpLeqW7fCwiYNbCw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qBeh6MVjBdMW2lA22027dLMJuxOhlP4GLx4U8eoP8ua/cdvmoNUHA4/3ZpiZF6ZSGHTdL6ewsrq2vlHcLG1t7+zulfcPmibJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDvzW49cG5GoBxynPIjpQIlIMIpW8k3PvT7vlStu1Z2D/CVeTiqQo9Erf3b7CctirpBJakzHc1MMJlSjYJJPS93M8JSyER3wjqWKxtwEk/mxU3JilT6JEm1LIZmrPycmNDZmHIe2M6Y4NMveTPzP62QYXQUTodIMuWKLRVEmCSZk9jnpC80ZyrEllGlhbyVsSDVlaPMp2RC85Zf/kuZZ1buo1u5rlfpNHkcRjuAYTsGDS6jDHTTABwYCnuAFXh3lPDtvzvuiteDkM4fwC87HN/tPjic=</latexit>

s0 = 3

<latexit sha1_base64="KyTtZxGJj4onK0c6AO3YtmhMt9Y=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoMQm3AnQS0sgjaWEcwHJEfY28wlS/b2jt09IYT8CBsLRWz9PXb+GzfJFZr4YODx3gwz84JEcG1c99vJra1vbG7ltws7u3v7B8XDo6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRnczv/WESvNYPppxgn5EB5KHnFFjpVZZ99yb6nmvWHIr7hxklXgZKUGGeq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+blTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmv5M+V8iMGFtCmeL2VsKGVFFmbEIFG4K3/PIqaV5UvMtK9aFaqt1mceThBE6hDB5cQQ3uoQ4NYDCCZ3iFNydxXpx352PRmnOymWP4A+fzB8Jdjow=</latexit>

(s0 < 4)

tensorial

<latexit sha1_base64="wplLSeZG7rOgHUVcPa+dCJtP3Xo=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPidmPHg==</latexit>�graph

coupling 

‣ inclusion of free massless scalar matter on lattice

‣ most realistic case so far: colored simplicial, BC simplicity, spacelike tetrahedra

<latexit sha1_base64="HlZ4jkfXEKQK6iy5yivl+ABzJ5Y=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseiF48V7Ac0oWy2m3bpZjfsTsQQ+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MBHcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrVlLWpEkr3QmKY4JK1gYNgvUQzEoeCdcPJ7czvPjJtuJIPkCUsiMlI8ohTAlby/Sfug/K5jCAbVGtu3Z0DrxKvIDVUoDWofvlDRdOYSaCCGNP33ASCnGjgVLBpxU8NSwidkBHrWypJzEyQz2+e4jOrDHGktC0JeK7+nshJbEwWh7YzJjA2y95M/M/rpxBdBzmXSQpM0sWiKBUYFJ4FgIdcMwois4RQze2tmI6JJhRsTBUbgrf88irpXNS9Rr1xf1lr3hRxlNEJOkXnyENXqInuUAu1EUUJekav6M1JnRfn3flYtJacYuYY/YHz+QN8qZH/</latexit>

⇠ ! 1
at criticality

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0 = Landau-Ginzburg theory 
self-consistent

21

(Dekhil, Jercher, Pithis wip)

Results: Ginzburg Q (Marchetti, Oriti, Pithis Thürigen 2021; Marchetti, Oriti, Pithis Thürigen 2023; 
Marchetti, Oriti, Pithis Thürigen 2023; Dekhil, Jercher, Oriti, Pithis 2024)



‣generalization to arbitrary interactions: 
<latexit sha1_base64="kDERHbP/cKBqAdf1M/YnbrtU4bw="></latexit>

Q ⇠ �
2

V��2
� ⇠

V�
V��2 e�2(4�s0)

⇠
a

valency of interaction

specifies non-local combinatorics

rank

<latexit sha1_base64="WSqzm8H7V6iyJE8w31VrFlPFNH4="></latexit>

Q ⇠ ��⇠
2e�2(4�s0)

⇠
a

‣ results for spacelike quartic model + BC simplicity:

exponential suppression due to hyperbolic domain

domain derived from Lorentz group
skirt radius: <latexit sha1_base64="g1udoKqo8BCWu2kpDHD3VWkGU3k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxkuM7g==</latexit>a

<latexit sha1_base64="ZknBKykUfJOZO4pH/9+6WIenAhg=">AAACFHicbVDLSgMxFM34rPVVdekmWISKUmaqVDdCsQu7cFHRPqAzlkyaaUOTmSHJCGWYj3Djr7hxoYhbF+78G9OHoK0HAueecy+597gho1KZ5pcxN7+wuLScWkmvrq1vbGa2tusyiAQmNRywQDRdJAmjPqkpqhhphoIg7jLScPvlod+4J0LSwL9Vg5A4HHV96lGMlJbamcPLc5sj1RM8vrlKcoWjUeW6cTk5sCXlP2UluTtuZ7Jm3hwBzhJrQrJggmo782l3Ahxx4ivMkJQtywyVEyOhKGYkSduRJCHCfdQlLU19xIl04tFRCdzXSgd6gdDPV3Ck/p6IEZdywF3dOdxRTntD8T+vFSnvzImpH0aK+Hj8kRcxqAI4TAh2qCBYsYEmCAuqd4W4hwTCSueY1iFY0yfPknohbxXzxeuTbOliEkcK7II9kAMWOAUlUAFVUAMYPIAn8AJejUfj2Xgz3setc8ZkZgf8gfHxDT0unlg=</latexit>

G = SL(2,C) ⇠ H
3

<latexit sha1_base64="/vHCfr05HfBaM3u+d6PU5kDc6e4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBdMW2lA220m7dLMJuxuhlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48auokUwx9lohEtUOqUXCJvuFGYDtVSONQYCsc3c381hMqzRP5aMYpBjEdSB5xRo2VfN1zb9xeueJW3TnIKvFyUoEcjV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0ryoepfV2kOtUr/N4yjCCZzCOXhwBXW4hwb4wIDDM7zCmyOdF+fd+Vi0Fpx85hj+wPn8AfbDjiQ=</latexit>

s0 = 0

<latexit sha1_base64="sGEr83cdauSAUDCMRluzcdzF/QE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBdMW2lA220m7dLMJuxuhlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48auokUwx9lohEtUOqUXCJvuFGYDtVSONQYCsc3c381hMqzRP5aMYpBjEdSB5xRo2VfN1zb7xeueJW3TnIKvFyUoEcjV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0ryoepfV2kOtUr/N4yjCCZzCOXhwBXW4hwb4wIDDM7zCmyOdF+fd+Vi0Fpx85hj+wPn8AfhHjiU=</latexit>

s0 = 1

<latexit sha1_base64="OB1isd59AVx3tLVhDzbDq1brWhU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUS9C0YvHCqYW2lA22027dLMJuxOhlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0ylMOi6305hbX1jc6u4XdrZ3ds/KB8etUySacZ9lshEt0NquBSK+yhQ8naqOY1DyR/D0e3Mf3zi2ohEPeA45UFMB0pEglG0km967nWtV664VXcOskq8nFQgR7NX/ur2E5bFXCGT1JiO56YYTKhGwSSflrqZ4SllIzrgHUsVjbkJJvNjp+TMKn0SJdqWQjJXf09MaGzMOA5tZ0xxaJa9mfif18kwugomQqUZcsUWi6JMEkzI7HPSF5ozlGNLKNPC3krYkGrK0OZTsiF4yy+vklat6l1U6/f1SuMmj6MIJ3AK5+DBJTTgDprgAwMBz/AKb45yXpx352PRWnDymWP4A+fzB/nLjiY=</latexit>

s0 = 2

<latexit sha1_base64="qVDf6s3nT2EhpLeqW7fCwiYNbCw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qBeh6MVjBdMW2lA22027dLMJuxOhlP4GLx4U8eoP8ua/cdvmoNUHA4/3ZpiZF6ZSGHTdL6ewsrq2vlHcLG1t7+zulfcPmibJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDvzW49cG5GoBxynPIjpQIlIMIpW8k3PvT7vlStu1Z2D/CVeTiqQo9Erf3b7CctirpBJakzHc1MMJlSjYJJPS93M8JSyER3wjqWKxtwEk/mxU3JilT6JEm1LIZmrPycmNDZmHIe2M6Y4NMveTPzP62QYXQUTodIMuWKLRVEmCSZk9jnpC80ZyrEllGlhbyVsSDVlaPMp2RC85Zf/kuZZ1buo1u5rlfpNHkcRjuAYTsGDS6jDHTTABwYCnuAFXh3lPDtvzvuiteDkM4fwC87HN/tPjic=</latexit>

s0 = 3

<latexit sha1_base64="KyTtZxGJj4onK0c6AO3YtmhMt9Y=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoMQm3AnQS0sgjaWEcwHJEfY28wlS/b2jt09IYT8CBsLRWz9PXb+GzfJFZr4YODx3gwz84JEcG1c99vJra1vbG7ltws7u3v7B8XDo6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRnczv/WESvNYPppxgn5EB5KHnFFjpVZZ99yb6nmvWHIr7hxklXgZKUGGeq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+blTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmv5M+V8iMGFtCmeL2VsKGVFFmbEIFG4K3/PIqaV5UvMtK9aFaqt1mceThBE6hDB5cQQ3uoQ4NYDCCZ3iFNydxXpx352PRmnOymWP4A+fzB8Jdjow=</latexit>

(s0 < 4)

tensorial

<latexit sha1_base64="wplLSeZG7rOgHUVcPa+dCJtP3Xo=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPidmPHg==</latexit>�graph

coupling 

<latexit sha1_base64="HlZ4jkfXEKQK6iy5yivl+ABzJ5Y=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseiF48V7Ac0oWy2m3bpZjfsTsQQ+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MBHcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrVlLWpEkr3QmKY4JK1gYNgvUQzEoeCdcPJ7czvPjJtuJIPkCUsiMlI8ohTAlby/Sfug/K5jCAbVGtu3Z0DrxKvIDVUoDWofvlDRdOYSaCCGNP33ASCnGjgVLBpxU8NSwidkBHrWypJzEyQz2+e4jOrDHGktC0JeK7+nshJbEwWh7YzJjA2y95M/M/rpxBdBzmXSQpM0sWiKBUYFJ4FgIdcMwois4RQze2tmI6JJhRsTBUbgrf88irpXNS9Rr1xf1lr3hRxlNEJOkXnyENXqInuUAu1EUUJekav6M1JnRfn3flYtJacYuYY/YHz+QN8qZH/</latexit>

⇠ ! 1
at criticality

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0 = Landau-Ginzburg theory 
self-consistent

21

‣ inclusion of free massless scalar matter on lattice

Results: Ginzburg Q (Marchetti, Oriti, Pithis Thürigen 2021; Marchetti, Oriti, Pithis Thürigen 2023; 
Marchetti, Oriti, Pithis Thürigen 2023; Dekhil, Jercher, Oriti, Pithis 2024)

‣ upshot: Ginzburg Q vanishes at criticality
‣ most realistic case so far: colored simplicial, BC simplicity, spacelike tetrahedra

(Dekhil, Jercher, Pithis wip)

‣ towards tentative continuum geometric interpretation
‣ non-perturbative/condensate phase exists

(Marchetti, Oriti, Pithis Thürigen 2023)



‣generalization to arbitrary interactions: 
<latexit sha1_base64="kDERHbP/cKBqAdf1M/YnbrtU4bw="></latexit>

Q ⇠ �
2

V��2
� ⇠

V�
V��2 e�2(4�s0)

⇠
a

valency of interaction

specifies non-local combinatorics

rank

<latexit sha1_base64="WSqzm8H7V6iyJE8w31VrFlPFNH4="></latexit>

Q ⇠ ��⇠
2e�2(4�s0)

⇠
a

‣ results for spacelike quartic model + BC simplicity:

exponential suppression due to hyperbolic domain

domain derived from Lorentz group
skirt radius: <latexit sha1_base64="g1udoKqo8BCWu2kpDHD3VWkGU3k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxkuM7g==</latexit>a

<latexit sha1_base64="ZknBKykUfJOZO4pH/9+6WIenAhg=">AAACFHicbVDLSgMxFM34rPVVdekmWISKUmaqVDdCsQu7cFHRPqAzlkyaaUOTmSHJCGWYj3Djr7hxoYhbF+78G9OHoK0HAueecy+597gho1KZ5pcxN7+wuLScWkmvrq1vbGa2tusyiAQmNRywQDRdJAmjPqkpqhhphoIg7jLScPvlod+4J0LSwL9Vg5A4HHV96lGMlJbamcPLc5sj1RM8vrlKcoWjUeW6cTk5sCXlP2UluTtuZ7Jm3hwBzhJrQrJggmo782l3Ahxx4ivMkJQtywyVEyOhKGYkSduRJCHCfdQlLU19xIl04tFRCdzXSgd6gdDPV3Ck/p6IEZdywF3dOdxRTntD8T+vFSnvzImpH0aK+Hj8kRcxqAI4TAh2qCBYsYEmCAuqd4W4hwTCSueY1iFY0yfPknohbxXzxeuTbOliEkcK7II9kAMWOAUlUAFVUAMYPIAn8AJejUfj2Xgz3setc8ZkZgf8gfHxDT0unlg=</latexit>

G = SL(2,C) ⇠ H
3

<latexit sha1_base64="/vHCfr05HfBaM3u+d6PU5kDc6e4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBdMW2lA220m7dLMJuxuhlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48auokUwx9lohEtUOqUXCJvuFGYDtVSONQYCsc3c381hMqzRP5aMYpBjEdSB5xRo2VfN1zb9xeueJW3TnIKvFyUoEcjV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0ryoepfV2kOtUr/N4yjCCZzCOXhwBXW4hwb4wIDDM7zCmyOdF+fd+Vi0Fpx85hj+wPn8AfbDjiQ=</latexit>

s0 = 0

<latexit sha1_base64="sGEr83cdauSAUDCMRluzcdzF/QE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBdMW2lA220m7dLMJuxuhlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48auokUwx9lohEtUOqUXCJvuFGYDtVSONQYCsc3c381hMqzRP5aMYpBjEdSB5xRo2VfN1zb7xeueJW3TnIKvFyUoEcjV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0ryoepfV2kOtUr/N4yjCCZzCOXhwBXW4hwb4wIDDM7zCmyOdF+fd+Vi0Fpx85hj+wPn8AfhHjiU=</latexit>

s0 = 1

<latexit sha1_base64="OB1isd59AVx3tLVhDzbDq1brWhU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUS9C0YvHCqYW2lA22027dLMJuxOhlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0ylMOi6305hbX1jc6u4XdrZ3ds/KB8etUySacZ9lshEt0NquBSK+yhQ8naqOY1DyR/D0e3Mf3zi2ohEPeA45UFMB0pEglG0km967nWtV664VXcOskq8nFQgR7NX/ur2E5bFXCGT1JiO56YYTKhGwSSflrqZ4SllIzrgHUsVjbkJJvNjp+TMKn0SJdqWQjJXf09MaGzMOA5tZ0xxaJa9mfif18kwugomQqUZcsUWi6JMEkzI7HPSF5ozlGNLKNPC3krYkGrK0OZTsiF4yy+vklat6l1U6/f1SuMmj6MIJ3AK5+DBJTTgDprgAwMBz/AKb45yXpx352PRWnDymWP4A+fzB/nLjiY=</latexit>

s0 = 2

<latexit sha1_base64="qVDf6s3nT2EhpLeqW7fCwiYNbCw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qBeh6MVjBdMW2lA22027dLMJuxOhlP4GLx4U8eoP8ua/cdvmoNUHA4/3ZpiZF6ZSGHTdL6ewsrq2vlHcLG1t7+zulfcPmibJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDvzW49cG5GoBxynPIjpQIlIMIpW8k3PvT7vlStu1Z2D/CVeTiqQo9Erf3b7CctirpBJakzHc1MMJlSjYJJPS93M8JSyER3wjqWKxtwEk/mxU3JilT6JEm1LIZmrPycmNDZmHIe2M6Y4NMveTPzP62QYXQUTodIMuWKLRVEmCSZk9jnpC80ZyrEllGlhbyVsSDVlaPMp2RC85Zf/kuZZ1buo1u5rlfpNHkcRjuAYTsGDS6jDHTTABwYCnuAFXh3lPDtvzvuiteDkM4fwC87HN/tPjic=</latexit>

s0 = 3

<latexit sha1_base64="KyTtZxGJj4onK0c6AO3YtmhMt9Y=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoMQm3AnQS0sgjaWEcwHJEfY28wlS/b2jt09IYT8CBsLRWz9PXb+GzfJFZr4YODx3gwz84JEcG1c99vJra1vbG7ltws7u3v7B8XDo6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRnczv/WESvNYPppxgn5EB5KHnFFjpVZZ99yb6nmvWHIr7hxklXgZKUGGeq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+blTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmv5M+V8iMGFtCmeL2VsKGVFFmbEIFG4K3/PIqaV5UvMtK9aFaqt1mceThBE6hDB5cQQ3uoQ4NYDCCZ3iFNydxXpx352PRmnOymWP4A+fzB8Jdjow=</latexit>

(s0 < 4)

tensorial

<latexit sha1_base64="wplLSeZG7rOgHUVcPa+dCJtP3Xo=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPidmPHg==</latexit>�graph

coupling 

<latexit sha1_base64="HlZ4jkfXEKQK6iy5yivl+ABzJ5Y=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseiF48V7Ac0oWy2m3bpZjfsTsQQ+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MBHcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrVlLWpEkr3QmKY4JK1gYNgvUQzEoeCdcPJ7czvPjJtuJIPkCUsiMlI8ohTAlby/Sfug/K5jCAbVGtu3Z0DrxKvIDVUoDWofvlDRdOYSaCCGNP33ASCnGjgVLBpxU8NSwidkBHrWypJzEyQz2+e4jOrDHGktC0JeK7+nshJbEwWh7YzJjA2y95M/M/rpxBdBzmXSQpM0sWiKBUYFJ4FgIdcMwois4RQze2tmI6JJhRsTBUbgrf88irpXNS9Rr1xf1lr3hRxlNEJOkXnyENXqInuUAu1EUUJekav6M1JnRfn3flYtJacYuYY/YHz+QN8qZH/</latexit>

⇠ ! 1
at criticality

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0 = Landau-Ginzburg theory 
self-consistent

‣ WIP: BC, timelike + lightlike building blocks

‣ WIP: transfer to EPRL-model
(Dekhil, Jercher, Pithis wip)

(Diogo Simao, Jercher, Oriti, Pithis, Steinhaus wip)
21

‣ inclusion of free massless scalar matter on lattice

‣ towards tentative continuum geometric interpretation
‣ non-perturbative/condensate phase exists

(Marchetti, Oriti, Pithis Thürigen 2023)

Results: Ginzburg Q (Marchetti, Oriti, Pithis Thürigen 2021; Marchetti, Oriti, Pithis Thürigen 2023; 
Marchetti, Oriti, Pithis Thürigen 2023; Dekhil, Jercher, Oriti, Pithis 2024)

‣ upshot: Ginzburg Q vanishes at criticality
‣ most realistic case so far: colored simplicial, BC simplicity, spacelike tetrahedra

(Dekhil, Jercher, Pithis wip)



Conclusion and open problems…

22



Conclusion

‣   GFT as tentative completions of BC, EPRL and other spin foam models

23

‣   discussing GFT renormalization = discussing spin foam renormalization



‣   GFT as tentative completions of BC, EPRL and other spin foam models

‣ step by step, towards analysis of more realistic models in GFT renormalization

‣   discussing GFT renormalization = discussing spin foam renormalization

Conclusion

23



‣   GFT as tentative completions of BC, EPRL and other spin foam models

‣renormalization: pathway to extract continuum limit and macroscopic physics

(talks by Jercher, Marchetti, Oriti, Wilson-Ewing)

Conclusion

23

‣ step by step, towards analysis of more realistic models in GFT renormalization

‣   discussing GFT renormalization = discussing spin foam renormalization

‣cosmology and black holes



• main open issues:

The road ahead…

24

• clarify further theory space: relation between full-fledged models for 4d Lorentzian 
QG (colored simplicial + simplicity constraints + non-trivial propagator) and tensor-
invariant models



• main open issues:

• clarify further theory space: relation between full-fledged models for 4d Lorentzian 
QG (colored simplicial + simplicity constraints + non-trivial propagator) and tensor-
invariant models

• when done, extension of pert. + non-pert. renormalization to such cases

• analyse their phase structure

•  in particular: apply methods to models with EPRL simplicity constraints
(Diogo Simao, Jercher, Oriti, Pithis, Steinhaus wip)

The road ahead…

24



• main open issues:

•  devise observables and tools to characterize geometry of different phases

•  implement composite-operator renormalization scheme

The road ahead…

24

• when done, extension of pert. + non-pert. renormalization to such cases

• analyse their phase structure

•  in particular: apply methods to models with EPRL simplicity constraints
(Diogo Simao, Jercher, Oriti, Pithis, Steinhaus wip)

• clarify further theory space: relation between full-fledged models for 4d Lorentzian 
QG (colored simplicial + simplicity constraints + non-trivial propagator) and tensor-
invariant models

•  connect with FRG analyses for first-order gravities in the continuum
(e.g. Gies, Sabor Salek 2022)
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Thank you for your attention!
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Backup slides



GFT and renormalization (extra)

‣ relevant GFT interactions give finitely many spin foam vertices dominant in pert. phase

‣ formal relation between GFT and spin foam models is intrinsically perturbative
<latexit sha1_base64="Ed3+kdSRRCuDjj73ie2nJtE3jGE="></latexit>

Z =
X

�

�n(�)

sym(�)
A�

‣ check that set of GFT interactions is stable under shifting the cut-off

‣ translates into formal stabilty of corresponding spin foams 

‣ stability only holds with finitely many GFT interactions turned on

‣ equivalent to perturbative or non-perturbative renormalizability of the GFT model

• General idea:

<latexit sha1_base64="9CgSccgl3kVJlaACM4owjd2LTeo=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsWamfExsIignlAsoTZ2bvJkNnZZWZWCCHgL9hYKGLrl/gBdv6Nk42FJh643MM5Z5h7b5AKro3rfjmFpeWV1bXiemljc2t7p7y719RJphg2WCIS1Q6oRsElNgw3AtupQhoHAlvB8Grqt+5RaZ7IOzNK0Y9pX/KIM2qs1Ore2GhIe+WKW3VzkEXi/ZDKxUeUo94rf3bDhGUxSsME1brjuanxx1QZzgROSt1MY0rZkPaxY6mkMWp/nI87IUdWCUmUKFvSkFz9/WJMY61HcWCTMTUDPe9Nxf+8Tmaic3/MZZoZlGz2UZQJYhIy3Z2EXCEzYmQJZYrbWQkbUEWZsRcq2SN48ysvkuZJ1Tutnt66ldrlA+QowgEcwjF4cAY1uIY6NIDBEB7hGV6c1HlyXp23WbTgzDrswx8479/LGpNM</latexit>

⇤

‣ relevant GFT interactions give finitely many spin foam vertices dominant in non-pert. phase



‣ controlling the continuum limit ~ evaluating full GFT partition function

• corresponds to evaluating complete spin foam model (all complexes)  

GFT and non-perturbative renormalization (extra)

• requires GFT non-perturbative renormalization

•effort to map out non-perturbative IR fixed points (+ phase diagram) via FRG methods:
~ definition of full GFT path integral

~ full continuum limit (all dofs of spin foam model)

•expect different phases and phase transitions as result of quantum dynamics 

•identify relevant phase for effective continuum geometry
•regime of many and interacting QG d.o.f.

‣ at least via approximation

• such analysis difficult for full-fledged Lorentzian models: resort to LG analysis

‣ in non-perturbative regime 

•extract effective continuum dynamics and relate it to GR



• many results

GFT and perturbative renormalization (extra)

‣ consistent perturbative renormalization scheme
(Ben Geloun, Bonzom 2011; Ben Geloun, Rivasseau 2013; Rivasseau 2012; Ben Geloun, Samary 2013; 
Ben Geloun 2012; Ben Geloun, Livine 2013; Ben Geloun 2014; Lahoche, Oriti 2015; Ben Geloun, 
Toriumi 2018; Ben Geloun, Toriumi 2024)

‣ closely analogous to large-N results of tensor models
‣ melonic graphs most divergent 

• no closure:

• perturbative renormalization analyses with closure: 
(Carrozza, Oriti, Rivasseau 2014; Samary, Vignes-Tourneret 2014; Carrozza, Oritit, Rivasseau 2014; 
Carrozza 2014; Lahoche, Oriti, Rivasseau 2015; Carrozza 2015; Carrozza 2016)

‣ UV divergences can be absorbed in effective interactions with tensor invariance

• control over theory space: models with tensor-invariance

‣ asymptotic freedom in UV for quartic models due to tensor-invariance (Rivasseau 2015)

‣ also constructive renormalization applied (Gurau, Rivasseau 2015; Rivasseau 2018; Delpouve, Rivasseau 2016; Rivasseau, Vignes-
Tourneret 2019; Rivasseau, Vignes-Tourneret 2021)‣ stochastic analysis (Chandra, Ferdinant 2023)

‣ perturbative scheme fits into Connes-Kreimer Hopf-algebraic framework
(Raasakka, Tanasa 2014; Avohou, Rivasseau, Tanasa 2015; Thürigen 2021; Thürigen 2021)

• mostly groups U(1) or SU(2), homogeneous spaces SU(2)/U(1)

‣ corresponds to coarse graining of the lattice



4

“quantum theory” (dynamics):

<latexit sha1_base64="IGew9TSf9bTaidk0TlvLUYNUm/Y="></latexit>

Z =

Z
D!DBeiS[!,B] =

Z
D!�(F (!)) (integral over flat connections, i.e. no local dof)

(=volume of space of flat connection, infinitely large!)

ill-defined in the continuum quantization on a regulating lattice structure
‣ quantisation of BF-theory on a lattice: “GFT does the job”

‣ Improvements: coloured graphs to exclude topological singularities

[Ooguri 9205090]

[Gurau, Rivasseau, Bonzom,…]

build models starting with BF-theory (TFT)

<latexit sha1_base64="Unu0y97jyDjltqW6JpLrPZlZkyo="></latexit>

ZGFT =

Z
D'D'̄e�SGFT[','̄] =

X

�

�V�

Sym(�)
A�

Curiously: Boulatov and Ooguri model provide GFT quantizations of BF-theory in 3d & 4d

<latexit sha1_base64="/lAqvFPcF4/IPCEDiHMyBtzhJ3U=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegBz1GMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/VbT1QbpuSDHSc0FHggWcwItk5qdm+xELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNLqrn9+eV2nUeRxGO4BhOIYBLqMEd1KEBBB7hGV7hzVPei/fufcxbC14+cwh/4H3+AFjZjv4=</latexit>

� graph dual to triangulation

# of vertices

<latexit sha1_base64="owHfIw36WYtBPmLUOHBhR2UXJ5o=">AAACFXicbVDLSgMxFM34rPU16tJNsAgVSpmRom6EUkHUVUX7gM5YMultG5p5kGSUMvQn3Pgrblwo4lZw59+YPhbaeiBwcs693HuPF3EmlWV9G3PzC4tLy6mV9Ora+samubVdlWEsKFRoyENR94gEzgKoKKY41CMBxPc41Lze2dCv3YOQLAxuVT8C1yedgLUZJUpLTTN303BCHzokV3JPHRYoXGoml1cD5wFaHcDnd8NPdlxy0DQzVt4aAc8Se0IyaIJy0/xyWiGNfQgU5UTKhm1Fyk2IUIxyGKSdWEJEaI90oKFpQHyQbjK6aoD3tdLC7VDop/caqb87EuJL2fc9XekT1ZXT3lD8z2vEqn3iJiyIYgUBHQ9qxxyrEA8jwi0mgCre14RQwfSumHaJIFTpINM6BHv65FlSPczbR/nCdSFTLE3iSKFdtIeyyEbHqIguUBlVEEWP6Bm9ojfjyXgx3o2PcemcMenZQX9gfP4Ariud5w==</latexit>

S[!, B] =

Z
BIJ ^ F IJ(!)BF-theory:

<latexit sha1_base64="PdhYZkymJxKclo5l8BmFZfF/cks="></latexit>

field strength: F IJ(!) = d!IJ + !I
J ^ !KJ

resort to

<latexit sha1_base64="whotnLr1PT9Ddag+vJKuCCxTg9s=">AAACFXicbVDLSgMxFM3UV62vqks3wSK4sGVGirosunFZwT6gU0omvdOGZjJDkimWYX7Cjb/ixoUibgV3/o2ZtgttPRA4nHMvN+d4EWdK2/a3lVtZXVvfyG8WtrZ3dveK+wdNFcaSQoOGPJRtjyjgTEBDM82hHUkggceh5Y1uMr81BqlYKO71JIJuQAaC+YwSbaRe8cwNiB76koySQVp2NTzoZEx4DH1MQyGAZmPYKfuhDNJesWRX7CnwMnHmpITmqPeKX24/pHEAQlNOlOo4dqS7CZGaUQ5pwY0VRISOyAA6hgoSgOom01QpPjFKH5vD5gmNp+rvjYQESk0Cz0xmGdSil4n/eZ1Y+1fdhIko1iDo7JAfc6xDnFWE+0ya3HxiCKGSmb9iOiSSUG2KLJgSnMXIy6R5XnEuKtW7aql2Pa8jj47QMTpFDrpENXSL6qiBKHpEz+gVvVlP1ov1bn3MRnPWfOcQ/YH1+QOmdJ++</latexit>

g� valued connection 1-form
<latexit sha1_base64="2PdXZIcODEW5xxIzYwBgn2x9ofk=">AAACCnicbVDJSgNBEO1xjXEb9eilNQheEmZCUI9BLx4jmAWSEHo6NUmTnoXummAYcvbir3jxoIhXv8Cbf2NnOWjig4LHe1VU1fNiKTQ6zre1srq2vrGZ2cpu7+zu7dsHhzUdJYpDlUcyUg2PaZAihCoKlNCIFbDAk1D3BjcTvz4EpUUU3uMohnbAeqHwBWdopI590goY9n3FBmlvnG8hPGA6ZDKBLi3m/UgF446dcwrOFHSZuHOSI3NUOvZXqxvxJIAQuWRaN10nxnbKFAouYZxtJRpixgesB01DQxaAbqfTV8b0zChdahabCpFO1d8TKQu0HgWe6Zwcrhe9ifif10zQv2qnIowThJDPFvmJpBjRSS60KxRwlCNDGFfC3Ep5nynG0aSXNSG4iy8vk1qx4F4USnelXPl6HkeGHJNTck5ccknK5JZUSJVw8kieySt5s56sF+vd+pi1rljzmSPyB9bnD9vsmwE=</latexit>

g� valued 2-form

GFT and BF theory

‣ note: quantization  + BF + sc not necessarily equal to BF + sc + quantization



Criticism against the BC model and alleviations

• BC vertex does not yield tensorial structure of lattice graviton propagator [Alesci, Rovelli 0708.0883]

‣ Obvious mismatch of LQG boundary states and BC boundary states. [Baratin, Oriti 1108.1178]

• Area-length constraints are missing [Alexandrov 0802.3389]

‣ Recently it was shown (on a hypercubical lattice) that the BC model is still viable and potentially lies in the same 
universality class as the EPRL model in an effective continuum limit. [Dittrich 2105.10808] 

• What is the role of degenerate geometries in the BC model? [Barrett, Steele 0209023]

‣ Need further analysis including timelike and lightlike configurations.

• Constraints are “too strongly” imposed [Engle, Pereira, Rovelli 0705.2388]

• Closure and simplicity are imposed in a non-covariant and non-commuting manner

‣ Both problems resolved in extended BC model. [Baratin, Oriti 1108.1178]

• EPRL model favored since boundary states are closer to canonical LQG, the Barbero-Immirzi parameter is 
incorporated

‣ Absence of BI parameter does not rule out the BC model. At the same time, 
questions wrt the precise value and running of the BI parameter and parity 
violation issues of the EPRL model should be addressed.

For now, criticisms are not conclusive and the BC model deserves further attention.

[Baratin, Oriti 1002.4723]

 [Charles 1705.10984; Benedetti, Speziale 1111.0884]



(Oriti ILQGS talk 2020)

(see also Jercher, Oriti, Pithis 2021; Jercher, Oriti, Pithis 2022)

(detailed derivation Diogo Simao, Jercher, Oriti, Pithis, Steinhaus wip)

Lorentzian GFT models…


