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• General motivation: Landau-Ginzburg mean-field method


• Group field theory 


• LG theory applied to Group field theory


• Conclusions
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What is LG theory? How does it relate to the RG?

- statistical field theory method to describe 1st and 2nd order phase transitions at mean-field level 

 - LG mean-field analysis clarifies phase structure of local field theories (coarse account)
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- transition to condensate phase with nontrivial VEV (non-perturbative vacuum)
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coarse account of the phase diagram detailed account of the phase diagram

LG theory studies 
fluctuations around 


the Gaussian fixed point 
(free theory)

involved RG studies go 
beyond small fluctuations

h'i 6= 0

quasi-Gaussian distribution generally non-Gaussian distribution

(good enough to start with…)



What is LG theory? Setup (I)

• start with free energy functional as an expansion in terms of even + odd powers of the local field (order parameter) 
and its gradient

• consider truncation of this functional assumed to be valid from mesoscale to macroscale

• details on microphysics encoded in couplings and order parameter

• order parameter features only universal properties of the system 
(dimension of space, symmetries of order parameter)

• allows to control thermodynamic phases of the system by studying long-range correlations of order 
parameter fluctuations over the distance    (correlation length)
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dimension of underlying space
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⇠• beyond      correlations decay exponentially; it diverges at criticality
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partition function (sums all configs)

goal: evaluate
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1) determine uniform field configurations which are minimizers of the free energy functional

3) determine domain of validity                                
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(measures strength of fluctuations)
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critical dimension (of flat space) below which MFT seizes to be accurate; 
accounts for coarse picture of phase diagram (good enough)
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2) study correlations of fluctuations around this uniform background (aka Gaussian approximation)

2. a) linearize classical equations of motion using fluctuations over the background                                                    
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2. b) solve for correlation function (go to Fourier representation)

2. c) correlator is exponentially decaying function               determine correlation length
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What is LG theory? Setup (II)

fluctuations and coupling should remain small then mean-field theory self-consistent



Why bother in Group field theory? Applicable?

What is GFT? 
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• Matrix models generate 2d random lattices

• at criticality they give rise to continuum geometries of dimension
<latexit sha1_base64="aOxSmwvaAxZt6gLfno6vtR9itLk="></latexit>
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•  phase diagram of simple matrix models obtainable via

    diagonalization of matrices, computation of the partition function for 

    large matrixes and then checking the (non-) analyticity of the free energy

Motivation via Matrix models for 2d gravity
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•  alternative route: phase structure via functional renormalization group

for example 

combinatorics of a 2-simplex

snapshot of a triangulation

• continuum limit of simple matrix models agrees with that of 2d Liouville gravity
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e.g. for r=4 invariant field corresponds to a 
3-simplex/tetrahedron

Group Field Theory

e.g. for                           recover metric information:
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[Oriti, Freidel, Rovelli, Livine, Gurau, Baratin,…]

supplement field with invariance property:
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classical theory (kinematics):
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<latexit sha1_base64="pJPk5WggwtOKmPW/ul9VV3rJ1KQ="></latexit>

to model 4-dimensional Lorentzian quantum geometries

dual formulation:
T ⇤Gd ⇠= Gd ⇥ gdphase space:
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classical theory (dynamics):

Group Field Theory
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K : kinetic operator, V : non-linear and non-local interaction term
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crucial feature of GFT models:  combinatorially non-local interaction

example in 3d:
(Boulatov)

example in 4d:
(Ooguri)
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combinatorics of a 3-simplex

combinatorics of a 4-simplex
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build models starting with BF-theory (TFT)

4-simplex
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graph corresponds to discrete geometries

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

3-simplex



BF-theory and Plebanski action
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variation wrt µ
<latexit sha1_base64="I1thQmHqBpXBKqupCksIxpBcOOA="></latexit>

BIJ ^BKL = e✏IJKL, e =
1

4!
✏IJKLB

IJ ^BKL

<latexit sha1_base64="5lnrphK9r5i1n8q8w0zNYLa8SKQ="></latexit>

solve for B

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

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

<latexit sha1_base64="vLAzFt10IHqL5HSSqSCWaxdGBcM="></latexit>

sl(2,C)� valued 1-form

<latexit sha1_base64="LA6SFm/gWZTAn7LQaEwdHFIbJ54="></latexit>

“simplicity constraint” on B:

<latexit sha1_base64="DlfdUqC6p/CCKi0Z1AMsoDBg4p0="></latexit>

1st Cartan: d!e
I + !I

J ^ eJ = 0

<latexit sha1_base64="d9PsHQwK8eO6qyPsL9bzv2aVDOs="></latexit>

tetrad field

<latexit sha1_base64="XX530akHRGDyQuIET4KtKM4f9lE="></latexit>

spin connection

<latexit sha1_base64="HsEjLOzlGLXbIu37y2Nnxs6KcaY="></latexit>

�eS = 0 ! Einstein field eqns.
<latexit sha1_base64="MDxW5B0/sPbvcGKv1wZAzKUM3OU="></latexit>

�!S = 0 !

<latexit sha1_base64="od61oRsuisnozgY4aJcAMjpnmSQ="></latexit>

SPalatini[e,!] =
1

2

Z
✏IJKLe

I ^ eJ ^ FKL

<latexit sha1_base64="d7OHHprImAY+Sjugmf8i9B/i4CA="></latexit>

solutions in two sectors: (1) topological sector vs.

(2) gravitational sector (Palatini)
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first-order formulation



Quantization of BF-theory via GFT[Ooguri]

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

Z =

Z
D!DBeiS[!,B] =

Z
D!�(F (!))

ill-defined in the continuum quantization on a lattice

agrees with GFT path integral quantization of Boulatov and Ooguri model via

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

ZGFT =

Z
D'D'̄e�SGFT[','̄] =

X

�

�V�

Sym(�)
A�

How to impose simplicity constraints at GFT level to render this model one for gravitational dof?

(integral over flat connections, i.e. no local dof)

Example: Barrett-Crane model

(=volume of space of flat connection, infinitely large?!)
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complete Barrett-Crane GFT model
a model for Lorentzian quantum gravity in 4d

• start with Ooguri model: GFT model for BF-theory in 4d (topological theory)

• impose so-called simplicity constraints to turn it into a theory of gravity (first-order Palatini)

• add non-dynamical timelike, spacelike and light like normal vector X to domain

allows to impose closure and simplicity covariantly and commutatively

[Barrett, Crane; Perez, Rovelli; Oriti, Baratin; Jercher, Oriti, Pithis]

unique model
<latexit sha1_base64="70bpEfxnLbWJOJYL8ifoIDVX0YI="></latexit>

'(g1, ..., g4;X↵) : SL(2,C)4 ⇥ SL(2,C)/U (↵) ! C
<latexit sha1_base64="oC9Z4nyn770a3sUBMm6bbnmcvFk=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0UQrCWRoh6LXjxWsB/QhLLZbtqlm03Y3Qgl1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt7Wyura+sVnYKm7v7O7t2weHLRWnktAmiXksOwFWlDNBm5ppTjuJpDgKOG0Ho9up336kUrFYPOhxQv0IDwQLGcHaSD275GGeDLHHBPKys4pTOfcmPbvsVJ0Z0DJxc1KGHI2e/eX1Y5JGVGjCsVJd10m0n2GpGeF0UvRSRRNMRnhAu4YKHFHlZ7PjJ+jEKH0UxtKU0Gim/p7IcKTUOApMZ4T1UC16U/E/r5vq8NrPmEhSTQWZLwpTjnSMpkmgPpOUaD42BBPJzK2IDLHERJu8iiYEd/HlZdK6qLqX1dp9rVy/yeMowBEcwym4cAV1uIMGNIHAGJ7hFd6sJ+vFerc+5q0rVj5Tgj+wPn8AAzOTtw==</latexit>

↵ 2 {+, 0,�}
<latexit sha1_base64="9ictopY4j3ZDP+eaxujOduU9JSM=">AAACLHicbZDLSsNAFIYn9V5vVZdugkVosZakFHUjiN3oSkXTCm0sk+m0Dk4uzJyIJcT3ceOrCOLCIm59DidtEGv9YeDnO+dw5vxOwJkEwxhomanpmdm5+YXs4tLyympubb0u/VAQahGf++LawZJy5lELGHB6HQiKXYfThnNXS+qNeyok870r6AfUdnHPY11GMCjUztWsm6iwU4wPW0AfILq04kKlWHpM6O4YNUtmyo0ffnp5lrS3c3mjbAylTxozNXmU6ryde211fBK61APCsZRN0wjAjrAARjiNs61Q0gCTO9yjTWU97FJpR8NjY31bkY7e9YV6HuhD+nsiwq6UfddRnS6GW/m3lsD/as0Qugd2xLwgBOqR0aJuyHXw9SQ5vcMEJcD7ymAimPqrTm6xwARUvlkVgvn35ElTr5TNvXL1opo/Ok7jmEebaAsVkIn20RE6QefIQgQ9oRf0jgbas/amfWifo9aMls5soDFpX99mYaVE</latexit>

U (+)
= SU(2), U (�)

= SU(1, 1), U (0)
= ISO(2) stabilizers of

timelike spacelikelightlike

<latexit sha1_base64="iD4EH2E1jnsLR6nXhbP5yVZyz/E="></latexit>

V [', '̄] =

Z
(dg)10

X

↵1...↵5

Z
dX↵1 ...

Z
dX↵5'1234(X↵1)'4567(X↵2)'7389(X↵3)'962(10)(X↵4)'(10)851(X↵5) + c.c.

symmetries: 
(simplicity) 

(closure) 
<latexit sha1_base64="9PPfAGQ3W1HHI2waqtbOenby/Ow="></latexit>

'(g1, ..., g4;X↵) = '(g1h
�1, ..., g4h

�1;h ·X↵), 8h 2 SL(2,C)
<latexit sha1_base64="uOKlY3GXxbUgE9O8j8ok0KlDxdo=">AAACWnicbVFbSyMxGM3Memu91cubL8EiKJRhRooKi1D0xUcFq4VOGb5J0zaYyYzJN7JlaH/kvoiwf2XBtHbXejkQOJxzPvLlJM6kMOj7L477Y2FxaXmlVF5dW9/YrGxt35k014w3WSpT3YrBcCkUb6JAyVuZ5pDEkt/HD5cT//6JayNSdYvDjHcS6CvREwzQSlHlMXwCnQ3EYT8Kap7n1fpR/WcrCkFmAzg6n3Np/p6wfC5VG4 /HYS/VIOX/kA2EQtEQ+S8smqOo+JceRZWq7/lT0K8kmJEqmeE6qvwOuynLE66QSTCmHfgZdgrQKJjko3KYG54Be4A+b1uqIOGmU0yrGdEDq3SpXc4ehXSqzk8UkBgzTGKbTAAH5rM3Eb/z2jn2zjqFUFmOXLG3i3q5pJjSSc+0KzRnKIeWANPC7krZADQwtL9RtiUEn5/8ldwde8GJV7+pVxsXszpWyB7ZJ4ckIKekQa7INWkSRp7JX2fJWXb+uK5bclffoq4zm9khH+DuvgL/ArEs</latexit>

'(g1, ..., g4;X↵) = '(g1u1, ..., g4u4;X↵), 8u1, ..., u4 2 UX↵

<latexit sha1_base64="P+N8/oODnMU324dnl+X0cvfKLJw="></latexit>

K[', '̄] =
X

↵

Z

SL(2,C)4
(dg)4

Z

SL(2,C/U(↵)

dX↵'̄(g1, ...g4;X↵)'(g1, ...g4;X↵)

<latexit sha1_base64="D99Vi91syPKJArS3zIQvZ+q1Ss4=">AAACN3icdVDLSsNAFJ3UV62vqEs3g0UQlJJIUTdC0Y0gSEX7gCSUyXTSDp1MwsykUEL/yo2/4U43LhRx6x84bbPQ1h64cOace5l7jx8zKpVlvRi5hcWl5ZX8amFtfWNzy9zeqcsoEZjUcMQi0fSRJIxyUlNUMdKMBUGhz0jD712N/EafCEkj/qAGMfFC1OE0oBgpLbXM23vH7SMRd+mx6yORZo+hBy/gzTzrCNbnWC2zaJWsMeAssTNSBBmqLfPZbUc4CQlXmCEpHduKlZcioShmZFhwE0lihHuoQxxNOQqJ9NLx3UN4oJU2DCKhiys4Vn9PpCiUchD6ujNEqiunvZH4n+ckKjj3UsrjRBGOJx8FCYMqgqMQYZsKghUbaIKwoHpXiLtIIKx01AUdgj198iypn5Ts01L5rlysXGZx5MEe2AeHwAZnoAKuQRXUAAaP4BW8gw/jyXgzPo2vSWvOyGZ2wR8Y3z8OnK1H</latexit>

S[', '̄] = K[', '̄] + V [', '̄]
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fields correspond to spacelike, timelike and lightlike tetrahedra



Back to Landau-Ginzburg method

Applicable in GFT?



• important for group field theory condensate cosmology: condensate phase is 
important pillar

Why bother in GFT? Applicable?

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

G

<latexit sha1_base64="AwszcbLW7GdJT8oa0VEF6EoG56M="></latexit>

m2

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

�

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

I

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

II

h'i 6= 0

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

�

<latexit sha1_base64="AwszcbLW7GdJT8oa0VEF6EoG56M="></latexit>

m2
LG RG

e.g. GFT on 

[Ben Geloun, Martini, Oriti] 

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

II

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

I

•  transition to condensate phase in GFT with non-trivial VEV?!

<latexit sha1_base64="LdlUmOnPEbmvW5Uf2G9yQewjwIM="></latexit>

R3

• condensate remains hypothesis for realistic models (but getting there); test with LG theory applied to GFT                                     

• upshot: LG MFT applicable in GFT in spite of non-locality of its interactions, gauge invariance and simplicity
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• problem of the continuum limit in GFT/spin 
foam models

• mapping phases/phase structure of 
such models

• to this aim: exploit field theory character of GFTs
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Landau-Ginzburg mean-field theory of GFTs
[Thürigen, Pithis; Marchetti, Oriti, Thürigen,Pithis]

(goal: determine ingredients to realize phase transition)

local scalar field 
theory:

LG theory gives coarse picture of phase structure thus sufficient to 
point to the  formation of a condensate phase; fully accurate only 

above critical dimension

method works also for GFTs (non-local)

(shown for simplified models on Abelian compact/non-compact group with/out closure constraint 
with/out additional local dof; wip on Lorentz group and simplicity constraints imposed)

• impose closure constraint <latexit sha1_base64="zjxqbyPxzqf1rMBO2YH3dTHaexE="></latexit>

r ! r � 1

mean-field analysis for 
<latexit sha1_base64="iHsIA5OQZflafnScXrdyKV6phoU=">AAACHXicbVDLSsNAFJ34rPUVdelmsAgVpCRSVFwVu9BlFfuAJpbJZNIOnTyYmRRKyI+48VfcuFDEhRvxb5y0EbT1wjCHc+/lnnOciFEhDeNLW1hcWl5ZLawV1zc2t7b1nd2WCGOOSROHLOQdBwnCaECakkpGOhEnyHcYaTvDetZvjwgXNAzu5Dgito/6AfUoRlJRPb1qjRCPBrRsOSFzxdhXX9JPjy6u7rklQ2j5SA4cJ7lNj39gPe3pJaNiTArOAzMHJZBXo6d/WG6IY58EEjMkRNc0ImkniEuKGUmLVixIhPAQ9UlXwQD5RNjJxF0KDxXjQi/k6gUSTtjfGwnyRSZcTWYKxWwvI//rdWPpndsJDaJYkgBPD3kxg8p2FhV0KSdYsrECCHOqtEI8QBxhqQItqhDMWcvzoHVSMU8r1ZtqqXaZx1EA++AAlIEJzkANXIMGaAIMHsATeAGv2qP2rL1p79PRBS3f2QN/Svv8BpVRoto=</latexit>

'(g) : Gr ! R,C
• devise regularisation scheme due to non-locality together with projection onto uniform fields:

<latexit sha1_base64="YL31nATuVl2bP8uSBs91tGoqKGE=">AAAB+XicbVBNT8JAEN3iF+JX1aOXjcQEL6Q1RD0SPegREwsktCHbZYEN222zOyWShn/ixYPGePWfePPfuEAPCr5kkpf3ZjIzL0wE1+A431ZhbX1jc6u4XdrZ3ds/sA+PmjpOFWUejUWs2iHRTHDJPOAgWDtRjEShYK1wdDvzW2OmNI/lI0wSFkRkIHmfUwJG6tr2nQ8x9oE9QeZNK+551y47VWcOvErcnJRRjkbX/vJ7MU0jJoEKonXHdRIIMqKAU8GmJT/VLCF0RAasY6gkEdNBNr98is+M0sP9WJmSgOfq74mMRFpPotB0RgSGetmbif95nRT610HGZZICk3SxqJ8KbJ6dxYB7XDEKYmIIoYqbWzEdEkUomLBKJgR3+eVV0ryoupfV2kOtXL/J4yiiE3SKKshFV6iO7lEDeYiiMXpGr+jNyqwX6936WLQWrHzmGP2B9fkDeXaS6g==</latexit>

G ! U(1)

• extract critical dimension via Ginzburg quantity 

quartic 
interaction

correlation 
length

specifies 
combinatorics

non-local 
contribution

<latexit sha1_base64="NZlqlXhcNl65eDbvcDAm2LfHIrg="></latexit>

}

•  various interactions (power and combinatorics) checked and result generalized

rank of group 
fieldcoupling

<latexit sha1_base64="uRQcCtuooK+ZKuzaAuRnF9h8qMg=">AAACDXicbVC7TsMwFHV4lvIKMLJYFKQytEpQBYwVLIytRB9SU6Ib122t2klkO4gq6g+w8CssDCDEys7G3+A+Bmg5kqWjc+7R9T1BzJnSjvNtLS2vrK6tZzaym1vbO7v23n5dRYkktEYiHslmAIpyFtKaZprTZiwpiIDTRjC4HvuNeyoVi8JbPYxpW0AvZF1GQBvJt4+rnmICe9xEOuB7PRACsPfA7tJSIS8LyndOR76dc4rOBHiRuDOSQzNUfPvL60QkETTUhINSLdeJdTsFqRnhdJT1EkVjIAPo0ZahIQiq2unkmhE+MUoHdyNpXqjxRP2dSEEoNRSBmRSg+2reG4v/ea1Edy/bKQvjRNOQTBd1E451hMfV4A6TlGg+NASIZOavmPRBAtGmwKwpwZ0/eZHUz4ruebFULeXKV7M6MugQHaE8ctEFKqMbVEE1RNAjekav6M16sl6sd+tjOrpkzTIH6A+szx+5Epqz</latexit>

Q ⇠ ��⇠
4�(r�s0)

<latexit sha1_base64="vzcMthCROM1lo21V8mAK847svDo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRS1I1QdKHLKvYBTSiT6aQdOpmEmYlQQn7DjQtF3Poz7vwbJ20W2npg4HDOvdwzx485U9q2v63Syura+kZ5s7K1vbO7V90/6KgokYS2ScQj2fOxopwJ2tZMc9qLJcWhz2nXn9zkfveJSsUi8ainMfVCPBIsYARrI7m3V26I9dj304dsUK3ZdXsGtEycgtSgQGtQ/XKHEUlCKjThWKm+Y8faS7HUjHCaVdxE0RiTCR7RvqECh1R56Sxzhk6MMkRBJM0TGs3U3xspDpWahr6ZzBOqRS8X//P6iQ4uvZSJONFUkPmhIOFIRygvAA2ZpETzqSGYSGayIjLGEhNtaqqYEpzFLy+TzlndOa837hu15nVRRxmO4BhOwYELaMIdtKANBGJ4hld4sxLrxXq3PuajJavYOYQ/sD5/ANfJkZM=</latexit>

G = Rtake



More realistic scenario - kinematics
[wip: Marchetti, Oriti, Thürigen, Pithis]
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• decomposition of the field in terms of irreducible representations

Wigner matrices of                 in the so-called unitary principal series 
<latexit sha1_base64="LJ5/J7S6JsX0BMyEbZlf1lfzRCQ="></latexit>

SL(2,C)

<latexit sha1_base64="F0LO+xMMgtj2mconfMuuEHz40Ww="></latexit>

'(g, X) =
4Y

i=1

0

@
Z

d⇢i⇢
2
i

X

ji,mi

D⇢i,0
jimi00

(giX)

1

A'⇢1⇢2⇢3⇢4
j1m1j2m2j3m3j4m4

<latexit sha1_base64="ENzz6/+UwZljyW3Zkw24dy7ZtHI="></latexit>

'(g) =

Z

H3

dX'(g, X) =
4Y

i=1

0

@
Z

d⇢i⇢
2
i

X

ji,mi,li,ni

D⇢i,0
jimi00

(gi)

1

AB⇢1⇢2⇢3⇢4

l1n1l2n2l3n3l4n4
'⇢1⇢2⇢3⇢4
j1m1j2m2j3m3j4m4

• integration over normal to get rid of irrelevant information on embedding

Barrett-Crane intertwiner

• work within context of the complete Barrett-Crane model

• caveat: restrict to spacelike tetrahedra/timelike normals

Here:

<latexit sha1_base64="3wZHBixL0kVdBjmMIT/tm98GdWU="></latexit>

'(g, X) = '(g1, g2, g3, g4, X) = SL(2,C)4 ⇥H
3 ! R,C

<latexit sha1_base64="jebbZoJ1lYyhySd63JaD2NhQb9o=">AAACIHicbVBNS8NAEN3Ur1q/qh69BIvQgtREi/VY9OLBg6K1haaWzXbTLm42YXcilpCf4sW/4sWDInrTX+M2RtDqg4W3780wM88NOVNgWe9Gbmp6ZnYuP19YWFxaXimurl2qIJKENknAA9l2saKcCdoEBpy2Q0mx73Lacq+Pxn7rhkrFAnEBo5B2fTwQzGMEg5Z6xbrjYxhKPz4/Scq72+nPdeOjpLLjAL2F+Lyp9YpDAjH4No+Tq71esWRVrRTmX2JnpIQynPaKb04/IJFPBRCOlerYVgjdGEtghNOk4ESKhphc4wHtaCqwT1U3Tg9MzC2t9E0vkPoJMFP1Z0eMfaVGvqsrxzuqSW8s/ud1IvAOujETYQRUkK9BXsRNCMxxWmafSUqAjzTBRDK9q0mGWGICOtOCDsGePPkvudyt2vvV2lmt1DjM4sijDbSJyshGddRAx+gUNRFBd+gBPaFn4954NF6M16/SnJH1rKNfMD4+AVwWoxs=</latexit>

SL(2,C)/SU(2) ⇠= H
3



More realistic scenario - dynamics

double-trace melon simple melon necklace

consider interactions of type: 

simplicial

e.g.

kinetic term interaction(s)
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GFT action

<latexit sha1_base64="5HL4vlwNC8Fxe+VLdaOWQZbAK/0="></latexit>

SIA,simplex[', '̄] =
�

5!

Z

SL(2,C)10
[dg]10

Z

H3·5
[dX]5'1234(X1)'4567(X2)'7389(X3)'9620(X4)'0851(X5) + c.c.

<latexit sha1_base64="4VMccaf7B1+TP5I2kSRZiM5lX54=">AAACQ3icdVDLSgMxFM34rPU16tLNYBEEpcxIUTdC1Y3uKrUP7Awlk6ZtaOZBcqdYhvk3N/6AO3/AjQtF3Aqm7Sy0tQcCJ+ecy02OG3ImwTRftLn5hcWl5cxKdnVtfWNT39quyiAShFZIwANRd7GknPm0Agw4rYeCYs/ltOb2roZ+rU+FZIF/B4OQOh7u+KzNCAYlNfX7csPuYxF22ZHtYhGnl8Q5LzdjM5lhHirTBvoA8c1FMivU1HNm3hzBmCZWSnIoRampP9utgEQe9YFwLGXDMkNwYiyAEU6TrB1JGmLSwx3aUNTHHpVOPOogMfaV0jLagVDHB2Ok/p6IsSflwHNV0sPQlZPeUPzPa0TQPnNi5ocRUJ+MF7UjbkBgDAs1WkxQAnygCCaCqbcapIsFJqBqz6oSrMkvT5Pqcd46yRduC7niZVpHBu2iPXSALHSKiugalVAFEfSIXtE7+tCetDftU/saR+e0dGYH/YH2/QOqNrPF</latexit>

S[', '̄] = S0[', '̄] + SIA[', '̄]

<latexit sha1_base64="mfv3FZAEhCe1b3Ivg0eKlHbnkPQ="></latexit>

S0[', '̄] =

Z

SL(2,C)4
dg

Z

H3

dX'̄(g, X)

 
�

4X

i=1

�i + µ

!
'(g, X)



More realistic scenario - regularization
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• due to closure constraint together with projection onto uniform fields           one has infinite volume factors as                    
is non-compact 

<latexit sha1_base64="ckWR5mIuoCbTDDWR0T4k9kPS+b0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEClKSUtRlsRsXLiraB7ShTKaTduhMEmYmQgnBjb/ixoUibv0Kd/6NkzQLrR4YOHPOvdx7jxsyKpVlfRmFpeWV1bXiemljc2t7x9zd68ggEpi0ccAC0XORJIz6pK2oYqQXCoK4y0jXnTZTv3tPhKSBf6dmIXE4GvvUoxgpLQ3NgwFHaiJ4fHudVGqn2c9142ZyMjTLVtXKAP8SOydlkKM1ND8HowBHnPgKMyRl37ZC5cRIKIoZSUqDSJIQ4Skak76mPuJEOnF2QgKPtTKCXiD08xXM1J8dMeJSzrirK9MV5aKXiv95/Uh5F05M/TBSxMfzQV7EoApgmgccUUGwYjNNEBZU7wrxBAmElU6tpEOwF0/+Szq1qn1Wrd/Uy43LPI4iOARHoAJscA4a4Aq0QBtg8ACewAt4NR6NZ+PNeJ+XFoy8Zx/8gvHxDYLtlt4=</latexit>

SL(2,C)
<latexit sha1_base64="74C/i9LjLEDv9YQLv78dARl0Pf0=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq9cY8b7XL1e8qjcHXiV+TiqQo9Evf/UGiqYxk5YKYkzX9xIbZERbTgWblnqpYQmhYzJkXUcliZkJsvm1U3zmlAGOlHYlLZ6rvycyEhsziUPXGRM7MsveTPzP66Y2ug4yLpPUMkkXi6JUYKvw7HU84JpRKyaOEKq5uxXTEdGEWhdQyYXgL7+8SloXVf+yWruvVeo3eRxFOIFTOAcfrqAOd9CAJlB4hGd4hTek0At6Rx+L1gLKZ47hD9DnDwuwjss=</latexit>

�0

<latexit sha1_base64="ckWR5mIuoCbTDDWR0T4k9kPS+b0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEClKSUtRlsRsXLiraB7ShTKaTduhMEmYmQgnBjb/ixoUibv0Kd/6NkzQLrR4YOHPOvdx7jxsyKpVlfRmFpeWV1bXiemljc2t7x9zd68ggEpi0ccAC0XORJIz6pK2oYqQXCoK4y0jXnTZTv3tPhKSBf6dmIXE4GvvUoxgpLQ3NgwFHaiJ4fHudVGqn2c9142ZyMjTLVtXKAP8SOydlkKM1ND8HowBHnPgKMyRl37ZC5cRIKIoZSUqDSJIQ4Skak76mPuJEOnF2QgKPtTKCXiD08xXM1J8dMeJSzrirK9MV5aKXiv95/Uh5F05M/TBSxMfzQV7EoApgmgccUUGwYjNNEBZU7wrxBAmElU6tpEOwF0/+Szq1qn1Wrd/Uy43LPI4iOARHoAJscA4a4Aq0QBtg8ACewAt4NR6NZ+PNeJ+XFoy8Zx/8gvHxDYLtlt4=</latexit>

SL(2,C)
<latexit sha1_base64="gNl0OpC7A+vz7FddZHB+JWj+nY4=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSLUTZmRoi6LblxWtA9oh5JJM21okhmSTKEM/RM3LhRx65+4829M21lo64HA4Zx7uScnTDjTxvO+nbX1jc2t7cJOcXdv/+DQPTpu6jhVhDZIzGPVDrGmnEnaMMxw2k4UxSLktBWO7mZ+a0yVZrF8MpOEBgIPJIsYwcZKPdftCmyGSmSPCZPTcvWi55a8ijcHWiV+TkqQo95zv7r9mKSCSkM41rrje4kJMqwMI5xOi91U0wSTER7QjqUSC6qDbJ58is6t0kdRrOyTBs3V3xsZFlpPRGgnZzn1sjcT//M6qYlugozJJDVUksWhKOXIxGhWA+ozRYnhE0swUcxmRWSIFSbGllW0JfjLX14lzcuKf1WpPlRLtdu8jgKcwhmUwYdrqME91KEBBMbwDK/w5mTOi/PufCxG15x85wT+wPn8ARjik1A=</latexit>

Spin(4)have to regularize models: done by analytic continuation and compactification of               to  
[Dona, Gozzini, Nicotra]

concretely:

• at local level it amounts to map between corresponding Lie algebras
<latexit sha1_base64="BMXTVeL5sb5M3vlv5M/X0TZtCHE="></latexit>

spin(4) ⇠= su(2)� su(2) $ sl(2,C) ⇠= su(2)� isu(2)

• at global level it amounts to map between corresponding Lie groups 

via mapping respective Cartan decompositions into each other:

<latexit sha1_base64="czBxziAoqChpX+oAJwD/LQCrNYs=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsS1DJoY2ERwTwgWcLd2dlkyOzsMjMrhJCPsLFQxNbvsfNvnCRbaOKBgcM55zL3niAVXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKWTTFHWpIlIVCdAzQSXrGm4EayTKoZxIFg7GN3O/PYTU5on8tGMU+bHOJA84hSNldq9exsNsV+uuFV3DrJKvJxUIEejX/7qhQnNYiYNFah113NT409QGU4Fm5Z6mWYp0hEOWNdSiTHT/mS+7pScWSUkUaLsk4bM1d8TE4y1HseBTcZohnrZm4n/ed3MRNf+hMs0M0zSxUdRJohJyOx2EnLFqBFjS5AqbncldIgKqbENlWwJ3vLJq6R1UfUuq7WHWqV+k9dRhBM4hXPw4ArqcAcNaAKFETzDK7w5qfPivDsfi2jByWeO4Q+czx8Ok49m</latexit>

⇤

<latexit sha1_base64="nIPGyv3vc84llCgNxTFJRiLgTWw="></latexit>

A+
⇤ = {e 1

2
⌘
a�3 |⌘ 2 [0,⇤)}introduce regulator Wick rotate

<latexit sha1_base64="1K4JNvP8cWZXmTVcyOSRqz1p1bk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG0siRV0W3bisYB/QhDKZTtqhk0yYuVFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPUEiuAbH+bYKS8srq2vF9dLG5tb2jr2719QyVZQ1qBRStQOimeAxawAHwdqJYiQKBGsFw+uJ37pnSnMZ38EoYX5E+jEPOSVgpK594DEgnuL9ARCl5AM+5Ri6dtmpOFPgReLmpIxy1Lv2l9eTNI1YDFQQrTuuk4CfEQWcCjYuealmCaFD0mcdQ2MSMe1n0+vH+NgoPRxKZSoGPFV/T2Qk0noUBaYzIjDQ895E/M/rpBBe+hmPkxRYTGeLwlRgkHgSBe5xxSiIkSGEKm5uxXRAFKFgAiuZENz5lxdJ86zinleqt9Vy7SqPo4gO0RE6QS66QDV0g+qogSh6RM/oFb1ZT9aL9W59zFoLVj6zj/7A+vwBG8aVAQ==</latexit>

⌘ ! �it

<latexit sha1_base64="l8xmSwUqgpvBaYlCyOj9wyZZkz0="></latexit>

T+
⇤ = {e�i 1

2
t
a�3 |t 2 [0,⇤)} compactify

<latexit sha1_base64="TKNpsfeJl0qziY+/cLALA1eLR38=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiSlqMuiGxcuKtgHNKHcTKbt0MkkzEyUEoobf8WNC0Xc+hXu/BunbRbaemDgcM653LknSDhT2nG+raXlldW19cJGcXNre2fX3ttvqjiVhDZIzGPZDkBRzgRtaKY5bSeSQhRw2gqGVxO/dU+lYrG406OE+hH0BesxAtpIXfvQuzHhEDzJ+gMNUsYPuOIlDEPXLjllZwq8SNyclFCOetf+8sKYpBEVmnBQquM6ifYzkJoRTsdFL1U0ATKEPu0YKiCiys+mJ4zxiVFC3IuleULjqfp7IoNIqVEUmGQEeqDmvYn4n9dJde/Cz5hIUk0FmS3qpRzrGE/6wCGTlGg+MgSIZOavmAxAAtGmtaIpwZ0/eZE0K2X3rFy9rZZql3kdBXSEjtEpctE5qqFrVEcNRNAjekav6M16sl6sd+tjFl2y8pkD9AfW5w+sFJb4</latexit>

⇤ ! 2⇡a

<latexit sha1_base64="ckWR5mIuoCbTDDWR0T4k9kPS+b0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEClKSUtRlsRsXLiraB7ShTKaTduhMEmYmQgnBjb/ixoUibv0Kd/6NkzQLrR4YOHPOvdx7jxsyKpVlfRmFpeWV1bXiemljc2t7x9zd68ggEpi0ccAC0XORJIz6pK2oYqQXCoK4y0jXnTZTv3tPhKSBf6dmIXE4GvvUoxgpLQ3NgwFHaiJ4fHudVGqn2c9142ZyMjTLVtXKAP8SOydlkKM1ND8HowBHnPgKMyRl37ZC5cRIKIoZSUqDSJIQ4Skak76mPuJEOnF2QgKPtTKCXiD08xXM1J8dMeJSzrirK9MV5aKXiv95/Uh5F05M/TBSxMfzQV7EoApgmgccUUGwYjNNEBZU7wrxBAmElU6tpEOwF0/+Szq1qn1Wrd/Uy43LPI4iOARHoAJscA4a4Aq0QBtg8ACewAt4NR6NZ+PNeJ+XFoy8Zx/8gvHxDYLtlt4=</latexit>

SL(2,C)
<latexit sha1_base64="gNl0OpC7A+vz7FddZHB+JWj+nY4=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSLUTZmRoi6LblxWtA9oh5JJM21okhmSTKEM/RM3LhRx65+4829M21lo64HA4Zx7uScnTDjTxvO+nbX1jc2t7cJOcXdv/+DQPTpu6jhVhDZIzGPVDrGmnEnaMMxw2k4UxSLktBWO7mZ+a0yVZrF8MpOEBgIPJIsYwcZKPdftCmyGSmSPCZPTcvWi55a8ijcHWiV+TkqQo95zv7r9mKSCSkM41rrje4kJMqwMI5xOi91U0wSTER7QjqUSC6qDbJ58is6t0kdRrOyTBs3V3xsZFlpPRGgnZzn1sjcT//M6qYlugozJJDVUksWhKOXIxGhWA+ozRYnhE0swUcxmRWSIFSbGllW0JfjLX14lzcuKf1WpPlRLtdu8jgKcwhmUwYdrqME91KEBBMbwDK/w5mTOi/PufCxG15x85wT+wPn8ARjik1A=</latexit>

Spin(4)

• essentially amounts to mapping of respective homogeneous spaces into each other
<latexit sha1_base64="WJpY3BLH86/3LjoPJKbD/8Nirco=">AAACIHicbZDNSsNAFIUn9a/Wv6pLN8EitCA10WJdFt24cKFobaGpZTKdtIOTSZi5EUvIo7jxVdy4UER3+jROYwStXhg4fOde5t7jhpwpsKx3Izc1PTM7l58vLCwuLa8UV9cuVRBJQpsk4IFsu1hRzgRtAgNO26Gk2Hc5bbnXR2O/dUOlYoG4gFFIuz4eCOYxgkGjXrHu+BiGrhsfJ1d7DgnEIAXSj89PkvLu9rd9lFR2HKC3EJ83Na/0iiWraqVl/hV2Jkooq9Ne8c3pByTyqQDCsVId2wqhG2MJjHCaFJxI0RCTazygHS0F9qnqxumBibmlSd/0AqmfADOlPydi7Cs18l3dOd5XTXpj+J/XicA76MZMhBFQQb4+8iJuQmCO0zL7TFICfKQFJpLpXU0yxBIT0JkWdAj25Ml/xeVu1d6v1s5qpcZhFkcebaBNVEY2qqMGOkanqIkIukMP6Ak9G/fGo/FivH615oxsZh39KuPjE26aoxs=</latexit>

H
3 ⇠= SL(2,C)/SU(2)

<latexit sha1_base64="NEOyn0A9xdi4XXCTIm7I1btiTTg="></latexit>

dH2 = a
2

 ✓
d⌘

a

◆2

+ sinh2
⇣
⌘

a

⌘
d⌦2

!
<latexit sha1_base64="/FX3IT+Cvgh0i7z5wYYrRMJ2RZE=">AAACDnicbVA9TwJBEN3DL8SvU0ubi4QEGrxDopZEG0sM8pFwSPaWBTbs7V1254zkwi+w8a/YWGiMrbWd/8YFrlDwJZO8vDeTmXleyJkC2/42Uiura+sb6c3M1vbO7p65f9BQQSQJrZOAB7LlYUU5E7QODDhthZJi3+O06Y2upn7znkrFAnEL45B2fDwQrM8IBi11zVzt7tQlgRi4Poah9ONayMQkXy6cuEAfIK7VJ/lSoWtm7aI9g7VMnIRkUYJq1/xyewGJfCqAcKxU27FD6MRYAiOcTjJupGiIyQgPaFtTgX2qOvHsnYmV00rP6gdSlwBrpv6eiLGv1Nj3dOf0aLXoTcX/vHYE/YtOzEQYARVkvqgfcQsCa5qN1WOSEuBjTTCRTN9qkSGWmIBOMKNDcBZfXiaNUtE5K5ZvytnKZRJHGh2hY5RHDjpHFXSNqqiOCHpEz+gVvRlPxovxbnzMW1NGMnOI/sD4/AETz5t8</latexit>

S3 ⇠= Spin(4)/SU(2)
<latexit sha1_base64="yT2MLghXgQdgPuSyaYlHZknYhxg="></latexit>

dS2 = a2
 ✓

dt

a

◆2

+ sin2
✓
t

a

◆
d⌦2

!

• map representation labels
<latexit sha1_base64="rQa59nxTGdtvxnsg5hq6n4jVzcQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBi2VXinosevFYwX5AdynZNNuGZpOQZIVS+je8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMjLThDaJ5FJ3YmwoZ4I2LbOcdpSmOI05bceju5nffqLaMCke7VjRKMUDwRJGsHVSGOqhDK1EFwypXrniV/050CoJclKBHI1e+SvsS5KlVFjCsTHdwFc2mmBtGeF0WgozQxUmIzygXUcFTqmJJvObp+jMKX2USO1KWDRXf09McGrMOI1dZ4rt0Cx7M/E/r5vZ5CaaMKEySwVZLEoyjtyXswBQn2lKLB87golm7lZEhlhjYl1MJRdCsPzyKmldVoOrau2hVqnf5nEU4QRO4RwCuIY63EMDmkBAwTO8wpuXeS/eu/exaC14+cwx/IH3+QMyiZEl</latexit>

⇢ ! �ip
<latexit sha1_base64="gNl0OpC7A+vz7FddZHB+JWj+nY4=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSLUTZmRoi6LblxWtA9oh5JJM21okhmSTKEM/RM3LhRx65+4829M21lo64HA4Zx7uScnTDjTxvO+nbX1jc2t7cJOcXdv/+DQPTpu6jhVhDZIzGPVDrGmnEnaMMxw2k4UxSLktBWO7mZ+a0yVZrF8MpOEBgIPJIsYwcZKPdftCmyGSmSPCZPTcvWi55a8ijcHWiV+TkqQo95zv7r9mKSCSkM41rrje4kJMqwMI5xOi91U0wSTER7QjqUSC6qDbJ58is6t0kdRrOyTBs3V3xsZFlpPRGgnZzn1sjcT//M6qYlugozJJDVUksWhKOXIxGhWA+ozRYnhE0swUcxmRWSIFSbGllW0JfjLX14lzcuKf1WpPlRLtdu8jgKcwhmUwYdrqME91KEBBMbwDK/w5mTOi/PufCxG15x85wT+wPn8ARjik1A=</latexit>

Spin(4)work with            -representation theory instead
skirt radius
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solve for regularized correlation function:

linearize equations of motion over non-trivial background
<latexit sha1_base64="74C/i9LjLEDv9YQLv78dARl0Pf0=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq9cY8b7XL1e8qjcHXiV+TiqQo9Evf/UGiqYxk5YKYkzX9xIbZERbTgWblnqpYQmhYzJkXUcliZkJsvm1U3zmlAGOlHYlLZ6rvycyEhsziUPXGRM7MsveTPzP66Y2ug4yLpPUMkkXi6JUYKvw7HU84JpRKyaOEKq5uxXTEdGEWhdQyYXgL7+8SloXVf+yWruvVeo3eRxFOIFTOAcfrqAOd9CAJlB4hGd4hTek0At6Rx+L1gLKZ47hD9DnDwuwjss=</latexit>

�0

Starting from regularized action:

 encapsulates remaining non-locality of interactions after projection onto 
<latexit sha1_base64="74C/i9LjLEDv9YQLv78dARl0Pf0=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq9cY8b7XL1e8qjcHXiV+TiqQo9Evf/UGiqYxk5YKYkzX9xIbZERbTgWblnqpYQmhYzJkXUcliZkJsvm1U3zmlAGOlHYlLZ6rvycyEhsziUPXGRM7MsveTPzP66Y2ug4yLpPUMkkXi6JUYKvw7HU84JpRKyaOEKq5uxXTEdGEWhdQyYXgL7+8SloXVf+yWruvVeo3eRxFOIFTOAcfrqAOd9CAJlB4hGd4hTek0At6Rx+L1gLKZ47hD9DnDwuwjss=</latexit>

�0

result for correlation length (via asymptotic analysis or second-moment-method):

analyze correlation function mode-by-mode 

turns out that only the zero-mode behaviour of the correlator is important for us; there we can Wick rotate back and 
decompactify to  

only these zero-modes contribute to the correlation length and determine the behaviour of the Ginzburg Q-parameter

<latexit sha1_base64="ckWR5mIuoCbTDDWR0T4k9kPS+b0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEClKSUtRlsRsXLiraB7ShTKaTduhMEmYmQgnBjb/ixoUibv0Kd/6NkzQLrR4YOHPOvdx7jxsyKpVlfRmFpeWV1bXiemljc2t7x9zd68ggEpi0ccAC0XORJIz6pK2oYqQXCoK4y0jXnTZTv3tPhKSBf6dmIXE4GvvUoxgpLQ3NgwFHaiJ4fHudVGqn2c9142ZyMjTLVtXKAP8SOydlkKM1ND8HowBHnPgKMyRl37ZC5cRIKIoZSUqDSJIQ4Skak76mPuJEOnF2QgKPtTKCXiD08xXM1J8dMeJSzrirK9MV5aKXiv95/Uh5F05M/TBSxMfzQV7EoApgmgccUUGwYjNNEBZU7wrxBAmElU6tpEOwF0/+Szq1qn1Wrd/Uy43LPI4iOARHoAJscA4a4Aq0QBtg8ACewAt4NR6NZ+PNeJ+XFoy8Zx/8gvHxDYLtlt4=</latexit>

SL(2,C)

modification due to hyperbolicity of domain
(see also Benedetti, 1403.6712)

<latexit sha1_base64="j0O+TFQYt4wG3cnPinVZ8yPDKek=">AAACEnicbVDLSgMxFM3UV62vUZdugkVQhDJTirosunFZwT6g05ZMmmlDk8yQZMQyzDe48VfcuFDErSt3/o1pO4i2Hgice8693NzjR4wq7ThfVm5peWV1Lb9e2Njc2t6xd/caKowlJnUcslC2fKQIo4LUNdWMtCJJEPcZafqjq4nfvCNS0VDc6nFEOhwNBA0oRtpIPfvEu6fdsqco9wKJcOKmCTI1j7vl9PRHMnXas4tOyZkCLhI3I0WQodazP71+iGNOhMYMKdV2nUh3EiQ1xYykBS9WJEJ4hAakbahAnKhOMj0phUdG6cMglOYJDafq74kEcaXG3DedHOmhmvcm4n9eO9bBRSehIoo1EXi2KIgZ1CGc5AP7VBKs2dgQhCU1f4V4iEwO2qRYMCG48ycvkka55J6VKjeVYvUyiyMPDsAhOAYuOAdVcA1qoA4weABP4AW8Wo/Ws/Vmvc9ac1Y2sw/+wPr4BqLJnho=</latexit>

⇠2 ⇠ 1

a2µ2
+

1

µ

<latexit sha1_base64="BsaFdXVhDU0aXKo3PAkZw2jljV0="></latexit>

C(g) =
4Y

i=1

0

BB@
X

pi

p2i
vol(T+)

X

ji,mi;
li,ni

D(pi,0)
jimilini

(gi)

1

CCABp1p2p3p4

l1n1l2n2l3n3l4n4
Ĉp1p2p3p4

j1m1j2m2j3m3j4m4

<latexit sha1_base64="E3joiVTK0Gfyr5Ukc4UUXUsq128="></latexit>

Ĉp1p2p3p4
j1m1j2m2j3m3j4m4

=
1

1
a2

P
i (�Cas1,pi) + bp,j,m
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• results for local scalar 
field theory on 


one 3-hyperboloid (Benedetti, 1403.6712)

impact of closure constraint 

via the BC intertwiner:

<latexit sha1_base64="nJWFJYShL0EA50zQOjiz+kUJfzU=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRZBEMquFPVY9OKxgv2AbinZdLYNzWaXJCuUpX/DiwdFvPpnvPlvTNs9aOuDkMd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38389hMqzWP5aCYJ9iI6lDzkjBor+brv+iYm9rvw+uWKW3XnIKvEy0kFcjT65S9/ELM0QmmYoFp3PTcxvYwqw5nAaclPNSaUjekQu5ZKGqHuZfOdp+TMKgMSxso+achc/d2R0UjrSRTYyoiakV72ZuJ/Xjc14U0v4zJJDUq2GBSmgtgzZwGQAVfIjJhYQpnidlfCRlRRZmxMJRuCt3zyKmldVr2rau2hVqnf5nEU4QRO4Rw8uIY63EMDmsAggWd4hTcndV6cd+djUVpw8p5j+APn8weOd5C6</latexit>

s0 ! s0 + 1 (i.e. one more zero-mode, or one rank less                    )

<latexit sha1_base64="WFDbri9xjhRkG3T/ZUjMBLwMVpw=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vj04rGC/ZA2lM120i7dbOLuRiihv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtJ1Sax/LejBP0IzqQPOSMGis96J7bFfhIqr1S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZwRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjlZ1wmqUHJ5ovCVBATk+n3pM8VMiPGllCmuL2VsCFVlBmbUdGG4C2+vEya5xXvolK9q5Zr13kcBTiGEzgDDy6hBrdQhwYwiOAZXuHNUc6L8+58zFtXnHzmCP7A+fwB4biP0Q==</latexit>

s0  4

for finite 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

flat limit:

combinatorics of interaction

rank of the group field

dimension of 3-hyperboloid

<latexit sha1_base64="r2/WR+aiwIMvwir2R5vwcbVyHhc=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLoxmUF+4CZoWTSTBuaSYbkjjAM/Qw3LhRx69e4829M21lo64HA4Zx7yT0nSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyN/N7T0wbruQj5CkLEzKSPOaUgJV8EoDCAZcx5IN6w226c+BV4pWkgUq0B/WvYKholjAJVBBjfM9NISyIBk4Fm9aCzLCU0AkZMd9SSRJmwmJ+8hSfWWWIY6Xtk4Dn6u+NgiTG5ElkJxMCY7PszcT/PD+D+CYsuEwzYJIuPoozgW3OWX485JpRELklhGpub8V0TDShYFuq2RK85cirpHvR9K6alw+XjdZtWUcVnaBTdI48dI1a6B61UQdRpNAzekVvDjgvzrvzsRitOOXOMfoD5/MHM4KRNw==</latexit>

a ! 1

exponential suppression due to hyperbolicity of domain

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

Q ⇠ ��⇠
2e�2(4�s0)

⇠
a

<latexit sha1_base64="l6uRfnLuqTUUebzbez2SW9DwRzw=">AAACDnicbVC7TgJBFJ3FF+ILtbSZSEiwgOwqUUuijSUk8khY3NwdBpgws7uZmTWSDV9g46/YWGiMrbWdf+PwKBQ8ySQn59yTO/f4EWdK2/a3lVpZXVvfSG9mtrZ3dvey+wcNFcaS0DoJeShbPijKWUDrmmlOW5GkIHxOm/7weuI376lULAxu9SiiHQH9gPUYAW0kL5uvuYoJl5tEFzy3D0IAdh/YXVIunhXKReXZJ+OMl83ZJXsKvEycOcmhOape9svthiQWNNCEg1Jtx450JwGpGeF0nHFjRSMgQ+jTtqEBCKo6yfScMc4bpYt7oTQv0Hiq/k4kIJQaCd9MCtADtehNxP+8dqx7l52EBVGsaUBmi3oxxzrEk25wl0lKNB8ZAkQy81dMBiCBaNPgpARn8eRl0jgtOeelcq2cq1zN60ijI3SMCshBF6iCblAV1RFBj+gZvaI368l6sd6tj9loyppnDtEfWJ8/vTmanA==</latexit>

Q ⇠ ��⇠
4�3(4�s0)

• can be generalized to arbitrary interactions 

LG mean-field theory can self-consistently describe phase transition

Ginzburg Q always very small
<latexit sha1_base64="YGeS90JSi+XwRYmkHWzQFrozZe4=">AAACEnicbVA9SwNBEN3z2/h1ammzGARtwp0EtRGCNpYRTCLkQtjbzCWLe3vn7pwSDn+DjX/FxkIRWys7/42b5Aq/Hgw83pthZl6YSmHQ8z6dqemZ2bn5hcXS0vLK6pq7vtE0SaY5NHgiE30ZMgNSKGigQAmXqQYWhxJa4dXpyG/dgDYiURc4TKETs74SkeAMrdR193aD+kB0PXpMPRpIiFCL/gCZ1sktnViBgmvq7XXdslfxxqB/iV+QMilQ77ofQS/hWQwKuWTGtH0vxU7ONAou4a4UZAZSxq9YH9qWKhaD6eTjl+7ojlV6NEq0LYV0rH6fyFlszDAObWfMcGB+eyPxP6+dYXTUyYVKMwTFJ4uiTFJM6Cgf2hMaOMqhJYxrYW+lfMA042hTLNkQ/N8v/yXN/Yp/UKmeV8u1kyKOBbJFtsku8ckhqZEzUicNwsk9eSTP5MV5cJ6cV+dt0jrlFDOb5Aec9y8bl5vk</latexit>

(�0 = 0 $ �0 6= 0)

<latexit sha1_base64="15Noo2/+wMoYxkA0PHBVcSqa9VQ=">AAAB73icbVDLSgMxFL3js9ZX1aWbYBHcWGakqMuiG5cV7APaoWTSTBuayYzJHaEM/Qk3LhRx6++4829M21lo64HA4Zx7yT0nSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6wHHC/YgOlAgFo2iltu5iTPS51yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx274ScWqVPwljbp5DM1N8bGY2MGUeBnYwoDs2iNxX/8zophtd+JlSSIlds/lGYSmJDTsOTvtCcoRxbQpkW9lbChlRThraioi3BW4y8TJoXFe+yUr2vlms3eR0FOIYTOAMPrqAGd1CHBjCQ8Ayv8OY8Oi/Ou/MxH11x8p0j+APn8wc8s490</latexit>

r ! r � 1

• local degrees of freedom can be added straightforwardly

<latexit sha1_base64="niLPI0EoPiWoHp10GVr50edeCMM="></latexit>

Q ⇠ ��⇠
2e�2·1 ⇠

a

(agrees with  our results 2110.15336)

coupling 



Conclusions

Extensions

• extension to other relevant models

• consider all the bare causal structure (spacelike, timelike and lightlike tetrahedra)

• conduct full-fledged (functional) RG and 1/N analyses of these models

• devise observables & tools to characterize different phases wrt their geometric properties

20

• LG theory is also applicable to GFT models in spite of their non-local interactions

• it informs us about the coarse phase structure of different models

• from there we can extract the rescaling relations of couplings needed for RG studies

• apply it to Barrett-Crane model for Lorentzian first order Palatini gravity 



Thank you for your attention!


