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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 non-trivial 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…) (more difficult…)

[Kopietz, Bartosch, Schütz; Sachs, Sen, Sexton; Zinn-Justin; Goldenfeld]



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 the 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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⇠• beyond      correlations decay exponentially; it diverges at criticality
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order parameterfree energy functional dimension of underlying space
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partition function (sums all configs)

➡ goal: approximately evaluate 
(solve theory)
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• model/theory global      -symmetry 
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[Kopietz, Bartosch, Schütz; Sachs, Sen, Sexton; Zinn-Justin; Goldenfeld]



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

critical dimension (on 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                                                    
<latexit sha1_base64="TJHJF4V2UqJnKst4PASLGBlD/0s="></latexit>
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2. b) solve for correlation function (go to Fourier representation)

2. c) correlator is exponentially decaying function               determine correlation length
<latexit sha1_base64="L/n682IVe3Ho86eeGg15nclGXjk="></latexit>
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What is LG theory? Setup (II)

3) determine domain of validity                                
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Ginzburg parameter

(measures strength of fluctuations)

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

The how to:

<latexit sha1_base64="9032H0cmLQVgX4aEXhLeTvCNPE0="></latexit>
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Q ⇠ �⇠2e�(d�1)⇠/a �! dc ! 1
on the d-hyperboloid 
MFT is sufficient [Benedetti 1403.6712]

[Kopietz, Bartosch, Schütz; Sachs, Sen, Sexton; Zinn-Justin; Goldenfeld]



Why bother in Group Field Theory? Applicable?

What is GFT? 
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YES!
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Motivation via Matrix models for 2d gravity
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for example 

combinatorics of a 2-simplex

snapshot of a triangulation
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[Di Francesco, Ginsparg, Zinn-Justin 9306153]

• Matrix models generate 2d random lattices

• at criticality they give rise to continuum geometries of dimension
<latexit sha1_base64="aOxSmwvaAxZt6gLfno6vtR9itLk="></latexit>

d  2

•  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

•  alternative route: phase structure via functional renormalization group

• continuum limit of simple matrix models agrees with that of 2d Liouville gravity

➡  a way to generalize to higher dimensions: Tensor Models and GFTs

rank 2



Group Field Theory
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[Boulatov, Ooguri, Oriti, Freidel, Rovelli, Livine, Gurau, Baratin,…]

classical theory (kinematics):
<latexit sha1_base64="52mLErs65S3sy+OSjJTlp02wFMU="></latexit>

group field '(g1, ..., gr) : G
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R
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for I = 1, ..., r, link eI , connection A
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Lie group G
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rank r
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typically work with r = 4 and G = SL(2,C)
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to model 4-dimensional Lorentzian quantum geometries

e.g. for r=4 invariant field corresponds to a 
3-simplex/tetrahedron

supplement field with invariance property:
<latexit sha1_base64="HawLrL4IQGSUeFVRwWFoWNdCPwU="></latexit>
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dual formulation:
T ⇤Gd ⇠= Gd ⇥ gdphase space: <latexit sha1_base64="Us1WUgDWbQOQbpMc5Dyhb3mJODU="></latexit>
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classical theory (dynamics):

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

K : kinetic operator, V : non-linear and non-local interaction term
<latexit sha1_base64="M3Te6XXDIx5nyK5iCwTIxgtlBKg="></latexit>

model specified by: G, dimension d, K, V and symmetries of '
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SGFT =

Z
(dg)r'̄(gI)K'(gI) + V['̄(gI),'(gI)]

crucial feature of GFT models:  combinatorially non-local interaction

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

3-simplex

example in 4d:
(Ooguri)

combinatorics of a 4-simplex

<latexit sha1_base64="dQ+Gya7MrJNBw45Uuu0yByFf9lo="></latexit>
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4-simplex

[Boulatov 9202074]

[Ooguri 9205090]



build models starting with BF-theory (TFT)

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

ZGFT =

Z
D'D'̄e�SGFT[','̄] =

X

�

�V�

Sym(�)
A�

graph corresponds to discrete geometries

Curiously: Boulatov and Ooguri model provide GFT quantizations of BF-theory in 3d & 4d
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“quantum theory” (dynamics):

‣ quantisation of BF-theory on a lattice: “GFT does the job”

‣Rather: GFT prescription has become better in getting the job done (e.g. color dof)

2-form

connection 1-form

curvature/field 
strength

BF-action

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

S[!, B] =

Z
BIJ ^ F IJ(!)

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

Z =

Z
D!DBeiS[!,B] =

Z
D!�(F (!))

ill-defined in the continuum quantization on a regulating lattice structure

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

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

[Ooguri 9205090]

BF-theory:

[Gurau et al.]



‣How to yield a model for Lorentzian gravitational degrees of freedom?

Attempt: Lorentzian Barrett-Crane model
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Summary: How to properly generate/decorate the lattice such that causality, topology etc nice?

But: need to link with theory for gravity

➡ want a lattice model for Lorentzian quantum gravity: difficulty to map Lorentzian structure faithfully 


➡in Lorentzian setting: what info for the lattice is needed be in accordance with microcausality?

➡does that impact continuum limit? (see e.g. CDT)

To this aim first more on: 
1) Link with (classical) gravity

2) disambiguation what we mean here by causal structure

➡Impose so-called simplicity constraints (s. next slides)

➡How to? Classically and at GFT (quantum) level?



➡  via constrained BF-theory:

<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
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<latexit sha1_base64="iJmDqcyjYVed+Y21ma9J6+Oo+vc="></latexit>

sl(2,C)� valued 2-form
<latexit sha1_base64="PdhYZkymJxKclo5l8BmFZfF/cks="></latexit>

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

<latexit sha1_base64="yO5kOJeTPHbproRL6JeyGTjwBzI="></latexit>

S[!, B, µ] =

Z 
BIJ ^ F IJ(!) +

1

2
µIJKLB

IJ ^BKL

�

<latexit sha1_base64="PQFl4PFxqKDUkJIF6w7E5hROjWU="></latexit>

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

sl(2,C)� valued 1-form

<latexit sha1_base64="Ff1Qw3WuicMNrY7faPdgGv1kz2o="></latexit>

variation wrt µ
<latexit sha1_base64="I1thQmHqBpXBKqupCksIxpBcOOA="></latexit>

BIJ ^BKL = e✏IJKL, e =
1

4!
✏IJKLB

IJ ^BKL

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

“simplicity constraint” on B:

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

solve for B
<latexit sha1_base64="d7OHHprImAY+Sjugmf8i9B/i4CA="></latexit>

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

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

Link with Einstein gravity



Lorentzian structure

Causal 
structure bare causality time orientation

local level
tangent vectors: 
timelike, lightlike 

spacelike

timelike tangent 
vectors either past or 

future pointing

global level
two points (events)   

either have spacelike, 
timelike or lightlike 

separation

causal ordering of 
timelike separated 

points [wikipedia]

classical level: Lorentzian structure/causality plays an important role in continuum spacetime physics

What do we mean here by causal structure?

➡ bare causality + time orientation
e.g. [Bianchi, Martin-Dussaud 2109.00986; Jercher, Oriti, Pithis 2206.15442]

‣ Encoded by the Lorentz group 
<latexit sha1_base64="s7b0Cw9VWNpHHg7AzsoFVWiFrEo=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyxCBSlJKepGKHahCxcV7QPaUibTSTt08mDmRiwhuPFX3LhQxK1f4c6/cdJmoa0HLhzOuZd777EDziSY5reWWVhcWl7JrubW1jc2t/TtnYb0Q0FonfjcFy0bS8qZR+vAgNNWICh2bU6b9qia+M17KiTzvTsYB7Tr4oHHHEYwKKmn712ed4A+QHR7HRdKxx0Xw9C2o2p81NPzZtGcwJgnVkryKEWtp391+j4JXeoB4VjKtmUG0I2wAEY4jXOdUNIAkxEe0LaiHnap7EaTF2LjUCl9w/GFKg+Mifp7IsKulGPXVp3JiXLWS8T/vHYIzlk3Yl4QAvXIdJETcgN8I8nD6DNBCfCxIpgIpm41yBALTEClllMhWLMvz5NGqWidFMs35XzlIo0ji/bRASogC52iCrpCNVRHBD2iZ/SK3rQn7UV71z6mrRktndlFf6B9/gAb65ae</latexit>

G = SL(2,C)
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Lorentzian structure
quantum level: either encode causal structure directly or demonstrate how it emerges in the continuum

here: intend to impose causal structure at quantum and discrete geometric level 

‣ more refined imposition may be required (see for instance Lorentzian Regge Calculus and locally CDT)  

‣   time orientation aspect would require:

‣  here focus on bare causal aspects:
<latexit sha1_base64="s7b0Cw9VWNpHHg7AzsoFVWiFrEo=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyxCBSlJKepGKHahCxcV7QPaUibTSTt08mDmRiwhuPFX3LhQxK1f4c6/cdJmoa0HLhzOuZd777EDziSY5reWWVhcWl7JrubW1jc2t/TtnYb0Q0FonfjcFy0bS8qZR+vAgNNWICh2bU6b9qia+M17KiTzvTsYB7Tr4oHHHEYwKKmn712ed4A+QHR7HRdKxx0Xw9C2o2p81NPzZtGcwJgnVkryKEWtp391+j4JXeoB4VjKtmUG0I2wAEY4jXOdUNIAkxEe0LaiHnap7EaTF2LjUCl9w/GFKg+Mifp7IsKulGPXVp3JiXLWS8T/vHYIzlk3Yl4QAvXIdJETcgN8I8nD6DNBCfCxIpgIpm41yBALTEClllMhWLMvz5NGqWidFMs35XzlIo0ji/bRASogC52iCrpCNVRHBD2iZ/SK3rQn7UV71z6mrRktndlFf6B9/gAb65ae</latexit>

G = SL(2,C)
<latexit sha1_base64="vRouF+/KiP+5aOwnL1LGhtEtd0A=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0GIIGFXg3oRgh70GME8IFnC7GQ2GTI7u8z0qmHNp3jxoIhXv8Sbf+PkcdDEgoaiqpvuLj8WXIPjfFsLi0vLK6uZtez6xubWtp3bqekoUZRVaSQi1fCJZoJLVgUOgjVixUjoC1b3+1cjv37PlOaRvINBzLyQdCUPOCVgpLadu75oAXuEtMLlsOAenRy27bxTdMbA88SdkjyaotK2v1qdiCYhk0AF0brpOjF4KVHAqWDDbCvRLCa0T7qsaagkIdNeOj59iA+M0sFBpExJwGP190RKQq0HoW86QwI9PeuNxP+8ZgLBuZdyGSfAJJ0sChKBIcKjHHCHK0ZBDAwhVHFzK6Y9oggFk1bWhODOvjxPasdF97RYui3ly5fTODJoD+2jAnLRGSqjG1RBVUTRA3pGr+jNerJerHfrY9K6YE1ndtEfWJ8/uvOTAw==</latexit>

G = Pin(1, 3)

[Conrady, Hnybida 1002.1959 & 1003.5652;  
Perez, Rovelli 0009021 & 0011037]

• standard formulation of Lorentzian spin foam and GFT models (BC and EPRL models) 
focusses mostly on the glueing of spacelike building blocks

‣ notable exceptions (EPRL-CH extension with spacelike and timelike tetrahedra; BC-PR with spacelike or timelike tetrahedra)

problems: 1) how does continuum bare causal structure emerge?
2) how to deal with lightlike and timelike boundaries?

[Barrett, Crane 9904025; Engle, Pereira, Rovelli, Livine 0711.0146]

Rough status of models:

goal: formulate spin foam and GFT model which treats spacelike, timelike and lightlike tetrahedra 
with all possible interactions (simplicial) [Jercher, Oriti, Pithis 2206.15442]

[Livine, Oriti 0210064; Bianchi, Martin-Dussaud 2109.00986]

13



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 field theory)

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

[Barrett, Crane 9904025; Perez, Rovelli 0009021 & 0011037;  
                    Oriti, Baratin 1108.1178; Jercher, Oriti, Pithis 2112.00091 & 2206.15442]

➡  for this add non-dynamical timelike, spacelike and lightlike normal vector X to domain

allows to impose closure and simplicity covariantly and commutatively
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[Jercher ILQGS talk 09/22]

<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,�}

stabilizers of
timelike spacelikelightlike

with

<latexit sha1_base64="6KgY7CR2+nBNlznBaUpY7rzm1xM=">AAACLHicbZBdSwJBFIZn+zT7srrsZkkCJZNdkeomkLypqwxbFdRkdhx1cPaDmbORLPZ/uumvBNFFEt32Oxo/qNReGHh5zjmcOa/tcybBMAbawuLS8spqZC26vrG5tR3b2S1JLxCEWsTjnqjYWFLOXGoBA04rvqDYsTkt2938sF6+p0Iyz72Fnk/rDm67rMUIBoUasbx1FyaOkv3zGtAHCItWP5FJph6H1PihV8XrX3w81WymzGQjFjfSxkj6vDEnJo4mKjRir7WmRwKHukA4lrJqGj7UQyyAEU770VogqY9JF7dpVVkXO1TWw9Gxff1Qkabe8oR6Lugj+ncixI6UPcdWnQ6GjpytDeF/tWoArbN6yFw/AOqS8aJWwHXw9GFyepMJSoD3lMFEMPVXnXSwwARUvlEVgjl78rwpZdLmSTp7k43nLiZxRNA+OkAJZKJTlEOXqIAsRNATekHvaKA9a2/ah/Y5bl3QJjN7aEra1zdsAaVE</latexit>

U (+)
= SU(2), U (0)

= ISO(2), U (�)
= SU(1, 1)

distinguished
hypersurfaces in 
Minkowski space

z-axis suppressed

<latexit sha1_base64="m38LZJtQys6/sIdI4bKg7kNYS9Q=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBhZREi7osunFZxT6gqWUynbRDJ5MwMxFKCPgrblwo4tbvcOffOGm70NYDA4dz7uWeOX7MmdKO820tLC4tr6wW1orrG5tb2/bObkNFiSS0TiIeyZaPFeVM0LpmmtNWLCkOfU6b/vA695uPVCoWiXs9imknxH3BAkawNlLX3h95TCAvxHrg++ld9pC6J2dZ1y45ZWcMNE/cKSnBFLWu/eX1IpKEVGjCsVJt14l1J8VSM8JpVvQSRWNMhrhP24YKHFLVScfxM3RklB4KImme0Gis/t5IcajUKPTNZJ5TzXq5+J/XTnRw2UmZiBNNBZkcChKOdITyLlCPSUo0HxmCiWQmKyIDLDHRprGiKcGd/fI8aZyW3fNy5bZSql5N6yjAARzCMbhwAVW4gRrUgUAKz/AKb9aT9WK9Wx+T0QVrurMHf2B9/gCoTJVM</latexit>

y 2 R1,3
<latexit sha1_base64="NpxYRlEFPzNLa2RPNoX8jIXBngs=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEInkoiRcVT0YvHCvYD2lA2m027dLMJuxOxxAr+FS8eFPHq3/Dmv3Hb5qCtDwYe780wM89PBNfgON/WwuLS8spqYa24vrG5tW3v7DZ0nCrK6jQWsWr5RDPBJasDB8FaiWIk8gVr+oOrsd+8Y0rzWN7CMGFeRHqSh5wSMFLX3icXjx1g95DpAVeAFQl4qkddu+SUnQnwPHFzUkI5al37qxPENI2YBCqI1m3XScDLiAJOBRsVO6lmCaED0mNtQyWJmPayyf0jfGSUAIexMiUBT9TfExmJtB5GvumMCPT1rDcW//PaKYTnXsZlkgKTdLooTAWGGI/DwAFXjIIYGkKo4uZWTPtEEQomsqIJwZ19eZ40TsruablyUylVL/M4CugAHaJj5KIzVEXXqIbqiKIH9Ixe0Zv1ZL1Y79bHtHXBymf20B9Ynz/BDJaX</latexit>

a : skirt radius

<latexit sha1_base64="lgYY9nY7xSg0RsQJ8uO2IHPzFUo=">AAACDHicbVDLSsNAFJ3UV62vqks3g0WoUEtSiroRim66rGAf0MQymU7aoZNJmJkIJeQD3Pgrblwo4tYPcOffOGmz0NY7DBzOOZd773FDRqUyzW8jt7K6tr6R3yxsbe/s7hX3DzoyiAQmbRywQPRcJAmjnLQVVYz0QkGQ7zLSdSc3qd59IELSgN+paUgcH4049ShGSlODYqk3iM+Sq7JZSZ91alMObR+psevGzeQ+tiq1RLvMqjkruAysDJRAVq1B8cseBjjyCVeYISn7lhkqJ0ZCUcxIUrAjSUKEJ2hE+hpy5BPpxLNjEniimSH0AqE/V3DG/u6IkS/l1He1M91TLmop+Z/Wj5R36cSUh5EiHM8HeRGDKoBpMnBIBcGKTTVAWFC9K8RjJBBWOr+CDsFaPHkZdGpV67xav62XGtdZHHlwBI5BGVjgAjRAE7RAG2DwCJ7BK3gznowX4934mFtzRtZzCP6U8fkD3ZCZAw==</latexit>

X� = (0, 0, 0, 1) 2 H
1,2

<latexit sha1_base64="sXhEdfuoDOZznbuwz+IHFHwnOhU=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqsyUom6EohuXFWwrtNMhk2ba0CQzJBlxGPorblwo4tYfceffmE5noa0HLvdwzr3k5gQxo0o7zrdVWlvf2Nwqb1d2dvf2D+zDaldFicSkgyMWyYcAKcKoIB1NNSMPsSSIB4z0gunN3O89EqloJO51GhOPo7GgIcVIG8m3q+kwG/Bklvp5u0LDhm/XnLqTA64StyA1UKDt21+DUYQTToTGDCnVd51YexmSmmJGZpVBokiM8BSNSd9QgThRXpbfPoOnRhnBMJKmhIa5+nsjQ1yplAdmkiM9UcveXPzP6yc6vPQyKuJEE4EXD4UJgzqC8yDgiEqCNUsNQVhScyvEEyQR1iauignBXf7yKuk26u55vXnXrLWuizjK4BicgDPgggvQAregDToAgyfwDF7BmzWzXqx362MxWrKKnSPwB9bnD2yclLE=</latexit>

yµyµ = a2
<latexit sha1_base64="4t4Ix5W2AzohTYwysSUE/zSHpX8=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIvgxjJTiroRim5cVrAPaKdDJk3b0CQzJBlhGOqvuHGhiFs/xJ1/YzqdhbYeuNzDOfeSmxNEjCrtON9WYW19Y3OruF3a2d3bP7APj9oqjCUmLRyyUHYDpAijgrQ01Yx0I0kQDxjpBNPbud95JFLRUDzoJCIeR2NBRxQjbSTfLieDtM/jWeJn7focDWq+XXGqTga4StycVECOpm9/9YchjjkRGjOkVM91Iu2lSGqKGZmV+rEiEcJTNCY9QwXiRHlpdvwMnhplCEehNCU0zNTfGyniSiU8MJMc6Yla9ubif14v1qMrL6UiijURePHQKGZQh3CeBBxSSbBmiSEIS2puhXiCJMLa5FUyIbjLX14l7VrVvajW7+uVxk0eRxEcgxNwBlxwCRrgDjRBC2CQgGfwCt6sJ+vFerc+FqMFK98pgz+wPn8A3NSU6A==</latexit>

yµyµ = �a2
<latexit sha1_base64="Rfrp3tKKm5P80k4LSrzas7yJNVg=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRS1I1QdOOygn1AG8NkOm2HTiZhZlIIoX/ixoUibv0Td/6N0zQLbT1wuYdz7mXunCDmTGnH+bZKa+sbm1vl7crO7t7+gX141FZRIgltkYhHshtgRTkTtKWZ5rQbS4rDgNNOMLmb+50plYpF4lGnMfVCPBJsyAjWRvJtO33K+mEyS/283Ti+XXVqTg60StyCVKFA07e/+oOIJCEVmnCsVM91Yu1lWGpGOJ1V+omiMSYTPKI9QwUOqfKy/PIZOjPKAA0jaUpolKu/NzIcKpWGgZkMsR6rZW8u/uf1Ej289jIm4kRTQRYPDROOdITmMaABk5RonhqCiWTmVkTGWGKiTVgVE4K7/OVV0r6ouZe1+kO92rgt4ijDCZzCObhwBQ24hya0gMAUnuEV3qzMerHerY/FaMkqdo7hD6zPH+/mk9w=</latexit>

yµyµ = 0

<latexit sha1_base64="D7llZpPdni364PGrfSu3kgaqbak="></latexit>

SL(2,C)/SU(1, 1) ⇠= H
1,2

<latexit sha1_base64="6DV2TxB1HcTgTRZmluNPpSVCYpw=">AAACIHicbZDNTsJAFIWn+If4h7p000hMNDHYIhGXRDYsXGAUMKFIpsMAE6bTZubWSJo+ihtfxY0LjdGdPo0D1ETFm0xy8p17M/ceN+BMgWV9GKm5+YXFpfRyZmV1bX0ju7nVUH4oCa0Tn/vy2sWKciZoHRhweh1Iij2X06Y7rIz95i2VivniCkYBbXu4L1iPEQwadbIlB+gdRJfn8X7h0PEwDFw3qsQHRwmva37gEF/0v81qfBMdx51szspbkzJnhZ2IHEqq1sm+O12fhB4VQDhWqmVbAbQjLIERTuOMEyoaYDLEfdrSUmCPqnY0OTA29zTpmj1f6ifAnNCfExH2lBp5ru4cb6n+emP4n9cKoXfajpgIQqCCTD/qhdwE3xynZXaZpAT4SAtMJNO7mmSAJSagM83oEOy/J8+KRiFvn+SLF8Vc+SyJI4120C7aRzYqoTKqohqqI4Lu0SN6Ri/Gg/FkvBpv09aUkcxso19lfH4BqYajTw==</latexit>

SL(2,C)/SU(2) ⇠= H
3

<latexit sha1_base64="jjycoXTaS2xEIxVyDq+BX6lWG38=">AAACFXicbVDLSgNBEJz1GeNr1aOXwSBEkLgbgnoM5qIgGImJgWwIs5NJMmR2dpnpFcOSn/Dir3jxoIhXwZt/4+Rx0GhBQ1HVTXeXHwmuwXG+rLn5hcWl5dRKenVtfWPT3tqu6TBWlFVpKEJV94lmgktWBQ6C1SPFSOALduv3SyP/9o4pzUN5A4OINQPSlbzDKQEjtexDD9g9JJXLYTZ/6AUEer6flIYHRxP9onJljAOPhrKLSy074+ScMfBf4k5JBk1RbtmfXjukccAkUEG0brhOBM2EKOBUsGHaizWLCO2TLmsYKknAdDMZfzXE+0Zp406oTEnAY/XnREICrQeBbzpHd+tZbyT+5zVi6Jw2Ey6jGJikk0WdWGAI8Sgi3OaKURADQwhV3NyKaY8oQsEEmTYhuLMv/yW1fM49zhWuC5ni2TSOFNpFeyiLXHSCiugclVEVUfSAntALerUerWfrzXqftM5Z05kd9AvWxzfOS530</latexit>

SL(2,C)/ISO(2) ⇠= C

<latexit sha1_base64="G+37C1sF7TX/mrDt0Lix5oOsbqc=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahopREi7oRim66rGAf0NYwmU7aoZNJmJkIJWTpxl9x40IRt36CO//GSZuFtp5h4HDOvdx7jxsyKpVlfRu5hcWl5ZX8amFtfWNzy9zeacogEpg0cMAC0XaRJIxy0lBUMdIOBUG+y0jLHd2kfuuBCEkDfqfGIen5aMCpRzFSWnLM/bYTHydXJfvESt9Rl3LY9ZEaum5cS+7PHLNola0J4DyxM1IEGeqO+dXtBzjyCVeYISk7thWqXoyEopiRpNCNJAkRHqEB6WjKkU9kL54cksBDrfShFwj9uYIT9XdHjHwpx76rK9Md5ayXiv95nUh5l72Y8jBShOPpIC9iUAUwTQX2qSBYsbEmCAuqd4V4iATCSmdX0CHYsyfPk+Zp2T4vV24rxep1Fkce7IEDUAI2uABVUAN10AAYPIJn8ArejCfjxXg3PqalOSPr2QV/YHz+ABkxl4U=</latexit>

X+ = (1, 0, 0, 0) 2 H
3

<latexit sha1_base64="Bxv19uHJoL974XjU86GflIUXnSM=">AAACD3icbVDLSsNAFJ34rPUVdelmsCgVpCSlqBuh2I3LCvYBTQiT6aQdOpnEmYlQQv7Ajb/ixoUibt2682+ctllo67lcOJxzLzP3+DGjUlnWt7G0vLK6tl7YKG5ube/smnv7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4o8bE7zwQIWnE79Q4Jm6IBpwGFCOlJc886XqplV05gUA4tbPUkfdCpdUsK9tnli771KEcNjyzZFWsKeAisXNSAjmanvnl9COchIQrzJCUPduKlZsioShmJCs6iSQxwiM0ID1NOQqJdNPpPRk81kofBpHQzRWcqr83UhRKOQ59PRkiNZTz3kT8z+slKrh0U8rjRBGOZw8FCYMqgpNwYJ8KghUba4KwoPqvEA+RjkbpCIs6BHv+5EXSrlbs80rttlaqX+dxFMAhOAJlYIMLUAc3oAlaAINH8AxewZvxZLwY78bHbHTJyHcOwB8Ynz9Hh5ri</latexit>

X0 =
1p
2
(1, 0, 0, 1) 2 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="></latexit>

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

Geometric interpretation:

(simplicity) 

bi-vectors close to form a tetrahedron

geometric information in bi-vectors is “orthogonal” to respective normal 

fields correspond to spacelike, timelike and lightlike tetrahedra

<latexit sha1_base64="bxLKW4uMiSn158tnPyAaALthJfg=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRS1GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz04J33SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaV5UvMtK9b5art3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+DEjPE=</latexit>

1)
<latexit sha1_base64="rP6ee3cSpcJ8nPs/TjO+ukJTtL0=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoOgl7AbgnoMevEYxTwgWcLsZDYZMju7zPQKIeQPvHhQxKt/5M2/cZLsQRMLGoqqbrq7gkQKg6777eTW1jc2t/LbhZ3dvf2D4uFR08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup35rSeujYjVI44T7kd0oEQoGEUrPVQuesWSW3bnIKvEy0gJMtR7xa9uP2ZpxBUySY3peG6C/oRqFEzyaaGbGp5QNqID3rFU0YgbfzK/dErOrNInYaxtKSRz9ffEhEbGjKPAdkYUh2bZm4n/eZ0Uw2t/IlSSIldssShMJcGYzN4mfaE5Qzm2hDIt7K2EDammDG04BRuCt/zyKmlWyt5luXpfLdVusjjycAKncA4eXEEN7qAODWAQwjO8wpszcl6cd+dj0Zpzsplj+APn8wfiSYzy</latexit>

2)

<latexit sha1_base64="bxLKW4uMiSn158tnPyAaALthJfg=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSRS1GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz04J33SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZpdOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDhFG4K3+PIyaV5UvMtK9b5art3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH+DEjPE=</latexit>

1)

<latexit sha1_base64="rP6ee3cSpcJ8nPs/TjO+ukJTtL0=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoOgl7AbgnoMevEYxTwgWcLsZDYZMju7zPQKIeQPvHhQxKt/5M2/cZLsQRMLGoqqbrq7gkQKg6777eTW1jc2t/LbhZ3dvf2D4uFR08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup35rSeujYjVI44T7kd0oEQoGEUrPVQuesWSW3bnIKvEy0gJMtR7xa9uP2ZpxBUySY3peG6C/oRqFEzyaaGbGp5QNqID3rFU0YgbfzK/dErOrNInYaxtKSRz9ffEhEbGjKPAdkYUh2bZm4n/eZ0Uw2t/IlSSIldssShMJcGYzN4mfaE5Qzm2hDIt7K2EDammDG04BRuCt/zyKmlWyt5luXpfLdVusjjycAKncA4eXEEN7qAODWAQwjO8wpszcl6cd+dj0Zpzsplj+APn8wfiSYzy</latexit>

2)
<latexit sha1_base64="GP0DmzJWgyM3t44ZOKIJqvS4QE8=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJUDyWRol6Etl48VrAf0KZls920SzebsLtRSuj/8OJBEa/+F2/+G7dtDtr6YODx3gwz87yIM6Vt+9taWV1b39jMbGW3d3b39nMHhw0VxpLQOgl5KFseVpQzQeuaaU5bkaQ48DhteqPbqd98pFKxUDzocUTdAA8E8xnB2kjdVq9SOK+edZNKdXJj93J5u2jPgJaJk5I8pKj1cl+dfkjigApNOFaq7diRdhMsNSOcTrKdWNEIkxEe0LahAgdUucns6gk6NUof+aE0JTSaqb8nEhwoNQ480xlgPVSL3lT8z2vH2r92EyaiWFNB5ov8mCMdomkEqM8kJZqPDcFEMnMrIkMsMdEmqKwJwVl8eZk0LorOZbF0X8qXq2kcGTiGEyiAA1dQhjuoQR0ISHiGV3iznqwX6936mLeuWOnMEfyB9fkDNeeRCg==</latexit>

XA(⇤B)AB = 0
<latexit sha1_base64="/NWOyRbSR6nATJQn7xMwVTHpgE0=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+wlS/Z2j905JR75JTYWitj6U+z8N26SKzTxwcDjvRlm5oWJ4AY879sprKyurW8UN0tb2zu7ZXdvv2lUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo+up33pg2nAl72GcsCAmA8kjTglYqeeWu7csAs0HQyBaq8eeW/Gq3gx4mfg5qaAc9Z771e0rmsZMAhXEmI7vJRBkRAOngk1K3dSwhNARGbCOpZLEzATZ7PAJPrZKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3mdFKLLIOMySYFJOl8UpQKDwtMUcJ9rRkGMLSFUc3srpkOiCQWbVcmG4C++vEyap1X/vHp2d1apXeVxFNEhOkInyEcXqIZuUB01EEUpekav6M15cl6cd+dj3lpw8pkD9AfO5w87JJN6</latexit>,

<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

<latexit sha1_base64="pKQQfOnQIMRGsKlMiJLMFZqMH54=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBIp6qVQ6sVjBfsBbQyb7bZdupuE3YlYQv6KFw+KePWPePPfuG1z0NYHA4/3ZpiZF8SCa3Ccb2ttfWNza7uwU9zd2z84tI9KbR0lirIWjUSkugHRTPCQtYCDYN1YMSIDwTrB5Gbmdx6Z0jwK72EaM0+SUciHnBIwkm+X+jqRfgo1N3uo4oYPNce3y07FmQOvEjcnZZSj6dtf/UFEE8lCoIJo3XOdGLyUKOBUsKzYTzSLCZ2QEesZGhLJtJfOb8/wmVEGeBgpUyHgufp7IiVS66kMTKckMNbL3kz8z+slMLz2Uh7GCbCQLhYNE4EhwrMg8IArRkFMDSFUcXMrpmOiCAUTV9GE4C6/vEraFxX3slK9q5brjTyOAjpBp+gcuegK1dEtaqIWougJPaNX9GZl1ov1bn0sWtesfOYY/YH1+QOfIJOG</latexit>

4X

t=1

Bt = 0
<latexit sha1_base64="/NWOyRbSR6nATJQn7xMwVTHpgE0=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+wlS/Z2j905JR75JTYWitj6U+z8N26SKzTxwcDjvRlm5oWJ4AY879sprKyurW8UN0tb2zu7ZXdvv2lUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo+up33pg2nAl72GcsCAmA8kjTglYqeeWu7csAs0HQyBaq8eeW/Gq3gx4mfg5qaAc9Z771e0rmsZMAhXEmI7vJRBkRAOngk1K3dSwhNARGbCOpZLEzATZ7PAJPrZKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3mdFKLLIOMySYFJOl8UpQKDwtMUcJ9rRkGMLSFUc3srpkOiCQWbVcmG4C++vEyap1X/vHp2d1apXeVxFNEhOkInyEcXqIZuUB01EEUpekav6M15cl6cd+dj3lpw8pkD9AfO5w87JJN6</latexit>,

15

➡Go to bi-vector representation



16

[Gurau 1006.0714, 1011.2726, 1102.5759, 1105.6072;  
Gurau, Rivasseau 1101.4182; Gurau, Ryan 1109.4812;  

Bonzom, Gurau, Rivasseau 1202.3637]

‣ can be straightforwardly formulated as a colored model

‣ introduction of r+1=5 colored fields reduces combinatorial complexity
‣ generated coloured graphs bijective to 4-dimensional simplicial pseudo-manifolds 
‣ keep it simple here: work with ordinary simplicial (and tensor-invariant interactions)

‣ based on colored model reduction to causal tensor model can be given: 2 CDT vertices + dual weighting

imposition in the dynamics: 

unique model (no ambiguous amplitudes as in previous formulations, X’s drop from dynamical amplitudes)

<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.

<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 [', '̄]

more refined causality imposition may be required
[Jordan, Loll 1305.4582;  
Asante, Dittrich, Padua-Argüelles 2112.15387]

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

}

21 vertices (!) e.g.:

(e.g. locally CDT/Lorentzian Regge Calculus: vertex causality)  

- 5 spacelike tets (standard BC and EPRL models)
- 1 spacelike tet, 4 timelike tets & 5 timelike tets (CDT-like)

[Jercher, Oriti, Pithis 2206.15442]

<latexit sha1_base64="oC9Z4nyn770a3sUBMm6bbnmcvFk=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0UQrCWRoh6LXjxWsB/QhLLZbtqlm03Y3Qgl1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt7Wyura+sVnYKm7v7O7t2weHLRWnktAmiXksOwFWlDNBm5ppTjuJpDgKOG0Ho9up336kUrFYPOhxQv0IDwQLGcHaSD275GGeDLHHBPKys4pTOfcmPbvsVJ0Z0DJxc1KGHI2e/eX1Y5JGVGjCsVJd10m0n2GpGeF0UvRSRRNMRnhAu4YKHFHlZ7PjJ+jEKH0UxtKU0Gim/p7IcKTUOApMZ4T1UC16U/E/r5vq8NrPmEhSTQWZLwpTjnSMpkmgPpOUaD42BBPJzK2IDLHERJu8iiYEd/HlZdK6qLqX1dp9rVy/yeMowBEcwym4cAV1uIMGNIHAGJ7hFd6sJ+vFerc+5q0rVj5Tgj+wPn8AAzOTtw==</latexit>

↵ 2 {+, 0,�}

[Jercher, Oriti, Pithis 2112.00091 & 2206.15442]

kernels computed using 

integral geometry methods in

➡generates causal dynamical triangulations in 3+1d



Back to Landau-Ginzburg method

Applicable in GFT?

17



• 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

<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 to GFT in spite of non-locality of its interactions, gauge invariance and simplicity

18

• 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

e.g. [Gielen, Oriti, Sindoni 1303.3576 & 1311.1238; Gielen, Sindoni 1602.08104; Oriti 1612.09521; Pithis, Sakellariadou 1904.00598]

[Ben Geloun, Martini, Oriti 1508.01855 & 1601.08211] 



19

Landau-Ginzburg mean-field theory of GFTs
[Thürigen, Pithis 1808.09765; Marchetti, Oriti, Thürigen, Pithis 2110.15336 & 2209.04297]

(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

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

s0 ! s0 + 1(or equally                 )
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• work within context of the complete Barrett-Crane model

• 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

<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

[Marchetti, Oriti, Thürigen, Pithis 2209.04297]

• caveat here:

‣ restrict to BF-quantization of first-order Palatini gravity with spacelike hypersurfaces

‣BC model restricted to spacelike tetrahedra/timelike normals

<latexit sha1_base64="CHwF1HpWSh8H+QbcA5Yu95rBQyM=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxCC1ISKeqyqAuXFewDmhgm00k7djIJMxOhhLjxV9y4UMStf+HOv3HaZqGtBy4czrmXe+/xY0alsqxvY2FxaXlltbBWXN/Y3No2d3ZbMkoEJk0csUh0fCQJo5w0FVWMdGJBUOgz0vaHl2O//UCEpBG/VaOYuCHqcxpQjJSWPHP/6i4tO2IQHTs8qWReeh8ynpX7Fc8sWVVrAjhP7JyUQI6GZ345vQgnIeEKMyRl17Zi5aZIKIoZyYpOIkmM8BD1SVdTjkIi3XTyQQaPtNKDQSR0cQUn6u+JFIVSjkJfd4ZIDeSsNxb/87qJCs7dlPI4UYTj6aIgYVBFcBwH7FFBsGIjTRAWVN8K8QAJhJUOrahDsGdfnietk6p9Wq3d1Er1izyOAjgAh6AMbHAG6uAaNEATYPAInsEreDOejBfj3fiYti4Y+cwe+APj8wefA5Zf</latexit>

D(⇢,⌫)
jmln(g)

<latexit sha1_base64="BwNRul9yEaoPDLWcl5+BikTgu78=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VoQWpSirosunFZxT6wCWUynbRDJ5MwMxFK6De48VfcuFDErSt3/o2TNoK2Hhg4c8693HuPFzEqlWV9Gbml5ZXVtfx6YWNza3vH3N1ryTAWmDRxyELR8ZAkjHLSVFQx0okEQYHHSNsbXaZ++54ISUN+q8YRcQM04NSnGCkt9cxyyRHD8Njhcdmh3AmQGnpecjNxFA2I/PnfTU6qPbNoVawp4CKxM1IEGRo989PphzgOCFeYISm7thUpN0FCUczIpODEkkQIj9CAdDXlSA90k+lJE3iklT70Q6EfV3Cq/u5IUCDlOPB0ZbqjnPdS8T+vGyv/3E0oj2JFOJ4N8mMGVQjTfGCfCoIVG2uCsKB6V4iHSCCsdIoFHYI9f/IiaVUr9mmldl0r1i+yOPLgAByCErDBGaiDK9AATYDBA3gCL+DVeDSejTfjfVaaM7KeffAHxsc3YRid8Q==</latexit>

(⇢, ⌫) 2 R⇥ Z/2
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double-trace melon simple melon necklace

consider interactions of type: 

simplicial

kinetic term interaction(s)
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GFT action

e.g.
<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)
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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="37Hc7rZTALtuhz7jMY2gpjW3kFk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9pl5JNs21okg1JtlCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWju5nfGlNtWCIf7UTRUOCBZDEj2DrpqTvGWg1Zz++VK37VnwOtkiAnFchR75W/uv2EpIJKSzg2phP4yoYZ1pYRTqelbmqowmSEB7TjqMSCmjCbHzxFZ07pozjRrqRFc/X3RIaFMRMRuU6B7dAsezPxP6+T2vgmzJhUqaWSLBbFKUc2QbPvUZ9pSiyfOIKJZu5WRIZYY2JdRiUXQrD88ippXlSDq+rlw2WldpvHUYQTOIVzCOAaanAPdWgAAQHP8ApvnvZevHfvY9Fa8PKZY/gD7/MHpxCQUg==</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 2106.14672]

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



More realistic scenario - 
correlation function and length
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solve for regularized correlation function:

linearize equations of motion over non-trivial background

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

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

a ! 1

<latexit sha1_base64="oQMoy0bwMNahirMnm73cvRO7+yE=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksgqeSlKIei148VrAf0NSy2W7apbtJ2N2IJeTiX/HiQRGv/gxv/hu3bQ7a+mDg8d4MM/P8mDOlHefbKqysrq1vFDdLW9s7u3v2/kFLRYkktEkiHsmOjxXlLKRNzTSnnVhSLHxO2/74euq3H6hULArv9CSmPYGHIQsYwdpIffvIe2T3VU8xgbxAYpK6WeqJJOvbZafizICWiZuTMuRo9O0vbxCRRNBQE46V6rpOrHsplpoRTrOSlygaYzLGQ9o1NMSCql46eyBDp0YZoCCSpkKNZurviRQLpSbCN50C65Fa9Kbif1430cFlL2VhnGgakvmiIOFIR2iaBhowSYnmE0MwkczcisgImxy0yaxkQnAXX14mrWrFPa/Ubmvl+lUeRxGO4QTOwIULqMMNNKAJBDJ4hld4s56sF+vd+pi3Fqx85hD+wPr8AbniloM=</latexit>

⇠2 ⇠ 1

µ

<latexit sha1_base64="37Hc7rZTALtuhz7jMY2gpjW3kFk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9pl5JNs21okg1JtlCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWju5nfGlNtWCIf7UTRUOCBZDEj2DrpqTvGWg1Zz++VK37VnwOtkiAnFchR75W/uv2EpIJKSzg2phP4yoYZ1pYRTqelbmqowmSEB7TjqMSCmjCbHzxFZ07pozjRrqRFc/X3RIaFMRMRuU6B7dAsezPxP6+T2vgmzJhUqaWSLBbFKUc2QbPvUZ9pSiyfOIKJZu5WRIZYY2JdRiUXQrD88ippXlSDq+rlw2WldpvHUYQTOIVzCOAaanAPdWgAAQHP8ApvnvZevHfvY9Fa8PKZY/gD7/MHpxCQUg==</latexit>'0



More realistic scenario - Ginzburg Q
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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(or equally                       )

<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 MFT can self-consistently describe phase transition

Ginzburg Q always very small
<latexit sha1_base64="GeMO1Nk6ombciygZCwopwshuOhQ=">AAACE3icbVA9SwNBEN3zM8avqKXNYhDUItxJUBshaGMZwUQhF8LeZmIW9/bO3blgOJLfYONfsbFQxNbGzn/jJh7i14OBx3szzMwLYikMuu67MzE5NT0zm5vLzy8sLi0XVlbrJko0hxqPZKQvAmZACgU1FCjhItbAwkDCeXB1PPLPe6CNiNQZ9mNohuxSiY7gDK3UKuxs+T2m465oufSQukMf4QbTnikNhl+Gr+CaututQtEtuWPQv8TLSJFkqLYKb3474kkICrlkxjQ8N8ZmyjQKLmGQ9xMDMeNX7BIalioWgmmm458GdNMqbdqJtC2FdKx+n0hZaEw/DGxnyLBrfnsj8T+vkWDnoJkKFScIin8u6iSSYkRHAdG20MBR9i1hXAt7K+VdphlHG2PehuD9fvkvqe+WvL1S+bRcrBxlceTIOtkgW8Qj+6RCTkiV1Agnt+SePJIn5855cJ6dl8/WCSebWSM/4Lx+AJa6nVw=</latexit>

('0 = 0 vs. '0 6= 0)

extended formalism: 

domain has one more slot

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

a ! 1

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

Q ⇠ ��⇠
2e�2·1 ⇠

a

[agrees with our results 2110.15336]

coupling 

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

r ! r � 1

<latexit sha1_base64="o4hKW+s/8V79qgH5M+vq2LhVSio="></latexit>

Q ⇠ �
2

V��2
� ⇠

2V�
V��2�3(4�s0)

<latexit sha1_base64="kDERHbP/cKBqAdf1M/YnbrtU4bw="></latexit>

Q ⇠ �
2

V��2
� ⇠

V�
V��2 e�2(4�s0)

⇠
a
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• extension to other relevant models (EPRL)

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

• complement by full-fledged (functional) RG and 1/N analyses

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

• consider local causality conditions (like in locally CDT) 

• local dof (free massless scalar matter) can be added on the lattice structure
[Marchetti, Oriti, Pithis, Thürigen 2209.04297]

wip: [Jercher, Pithis]

• LG MFT 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

• results:

• here applied to: ‣ BC model for Lorentzian (first order Palatini) quantum gravity 

‣ restricted to spacelike hypersurfaces  ➡ spacelike tetrahedra

➡full phase structure inferable from GFP
wip: [Marchetti, Oriti, Pithis, Thürigen]

➡important for continuum limit

‣ MFT description gives accurate account of phase structure

‣ non-compactness of Lorentz group prerequisite for non-perturbative vacuum



Thank you for your attention!
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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 [Baratin,Oriti1002.4723]

‣ 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 should be addressed [Charles 1705.10984; Benedetti, Speziale 1111.0884]

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


