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Outline

• General motivation: Landau-Ginzburg mean-field method


• 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 

 - 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) h'i 6= 0
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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



What is LG theory? How does it relate to the RG?
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order parameterfree energy 
functional

• 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)

here: global symmetry 
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• 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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LG theory more concretely
(work in dimension d)

2. b) solve for correlation function

2. c) correlator is exponentially decaying function               determine correlation length
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1) determine uniform field configurations which are minimizers of the free energy functional

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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3) determine domain of validity by quantifying the strength of the fluctuations: 
                                  should remain small as well as the coupling then mean-field theory self-consistent
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Ginzburg parameter

(measures strength of fluctuations; should be small)
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critical dimension below which MFT seizes to be accurate; 
accounts for coarse picture of phase diagram (good enough)

(go to Fourier representation)
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• important for group field theory condensate cosmology: condensate phase is important pillar

Why bother in GFT? Applicable?
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e.g. GFT on 

[Ben Geloun, Martini, Oriti] 
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•  transition to condensate phase in GFT with non-trivial VEV?!
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• 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
5

• 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 that allow for condensate phase)

local scalar field theory:

method works also for GFTs (non-local); and of course also when local dof are added

mean-field analysis for 

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

(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)

• extract critical dimension via Ginzburg quantity 
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quartic interaction
correlation length

specifies combinatorics

non-local 
contribution
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• impose closure constraint
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•  various interactions (power and combinatorics) checked and result generalized

rank of group fieldcoupling



More realistic scenario - kinematics
[wip: Marchetti, Oriti, Thürigen, Pithis]

• work within extended formulation developed in the context of the Barrett-Crane model (based on projected SNs)
[Livine, Alexandrov; Baratin, Oriti; Jercher, Oriti, Pithis]

• add non-dynamical timelike, spacelike or light like normal vectors X to domain of field

allows to impose closure and simplicity covariantly and commutatively

symmetries: 
(simplicity) 

(closure) 

• caveat: restrict to spacelike tetrahedra/timelike normals

GFT quantization of first order Palatini gravity

• couple also free massless scalar fields (local dof) to lattice
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More realistic scenario - kinematics

• decomposition of the field with the aforementioned symmetries:

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

SL(2,C)

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

Barrett-Crane intertwiner

• Fourier decomposition wrt local dof
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More realistic scenario - dynamics

double-trace melon simple melon necklace

consider interactions of type: 

simplicial
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GFT action



work with              -representation theory instead

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 
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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
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• at global level it amounts to map between corresponding Lie groups via mapping respective Cartan decompositions into each other:
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<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="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="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



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

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  

More realistic scenario - correlation function and length
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Starting from regularized action:

<latexit sha1_base64="Uq98HfNSi5tjRTPGgSQwi5IJC5w="></latexit>

C(�, g) =

Z

Rdloc

dk

(2⇡)dloc
ei�·k

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
(k)

<latexit sha1_base64="LGYuRXvELI0D/V/5HZtwpoaOxhY="></latexit>

Ĉp1p2p3p4
j1m1j2m2j3m3j4m4

(k) =
1

↵p,j,m
P

i k
2
i +

1
a2

P
c (�Cas1,pc) + bp,j,m

 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

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

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

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

SL(2,C)

<latexit sha1_base64="n2if3VQMwmTlwDKbJo0u3X6mnIc=">AAACIHicbVDLSgMxFM34rPVVdelmsAiCUGZKsS6LblxWsA/otCWTZtrQJDMkd6RlmE9x46+4caGI7vRrTB+Ith4InHvOvdzc40ecaXCcT2tldW19YzOzld3e2d3bzx0c1nUYK0JrJOShavpYU84krQEDTpuRolj4nDb84fXEb9xTpVko72Ac0bbAfckCRjAYqZsreyPWTTygI0gkD0madoqeZsILFCaJmybY1CLuFNPzH8nUaTeXdwrOFPYyceckj+aodnMfXi8ksaASCMdat1wngnaCFTDCaZr1Yk0jTIa4T1uGSiyobifTA1P71Cg9OwiVeRLsqfp7IsFC67HwTafAMNCL3kT8z2vFEFy2EyajGKgks0VBzG0I7Ulado8pSoCPDcFEMfNXmwywyQFMplkTgrt48jKpFwvuRaF0W8pXruZxZNAxOkFnyEVlVEE3qIpqiKAH9IRe0Kv1aD1bb9b7rHXFms8coT+wvr4BEY6kwg==</latexit>

⇠2nloc ⇠
1

a2µ2
+

1

µ

<latexit sha1_base64="itRyXTZ9SFvOrV4svxkfCWA0HpA=">AAACDHicbVDLSsNAFJ34rPVVdelmsAiuSlKKuiy6cVnBPqCJZTKdtENnkjBzIy0hH+DGX3HjQhG3foA7/8Zpm4W2Hhg4nHMud+7xY8E12Pa3tbK6tr6xWdgqbu/s7u2XDg5bOkoUZU0aiUh1fKKZ4CFrAgfBOrFiRPqCtf3R9dRvPzCleRTewSRmniSDkAecEjBSr1R2x7yXusDGkIqIZtl91dVcuoEiNHWy1JVJZlJ2xZ4BLxMnJ2WUo9Erfbn9iCaShUAF0brr2DF4KVHAqWBZ0U00iwkdkQHrGhoSybSXzo7J8KlR+jiIlHkh4Jn6eyIlUuuJ9E1SEhjqRW8q/ud1EwguvZSHcQIspPNFQSIwRHjaDO5zxSiIiSGEKm7+iumQmB7A9Fc0JTiLJy+TVrXinFdqt7Vy/Sqvo4CO0Qk6Qw66QHV0gxqoiSh6RM/oFb1ZT9aL9W59zKMrVj5zhP7A+vwBfKCciQ==</latexit>

⇠2loc ⇠
1

µ
&

modification due to hyperbolicity of domain standard form for local degrees of freedom



More realistic scenario - Ginzburg Q

12
LG mean-field theory can self-consistently describe phase transition

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

s0  4

impact of closure constraint 

via the BC entertainer:

<latexit sha1_base64="uBiUWQ7dU5rpNsdnLXmaQj0nqGg="></latexit>

Q ⇠ ��⇠
4�dloc
loc e�2(4�s0)

⇠nloc
afor 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:
<latexit sha1_base64="DvA8mttCbbd/yCRafQHhG/Lf7jY="></latexit>

Q ⇠ ��⇠
4�dloc
loc ⇠4�3(4�s0)

nloc

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

s0 ! s0 + 1

combinatorics of interactioncoupling 

quartic interaction 
rank of the group field

(i.e. one more zero-mode)

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

• can be generalized to arbitrary interactions 
• agrees with results on local scalar field theory on hyperbolic domains (Benedetti, 1403.6712)

Ginzburg Q (almost) 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)



Conclusions
• 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

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

Extensions

• extension to other relevant models such as the EPRL-model

• 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 and tools to characterize different phases wrt their geometric properties
13



Thank you for your attention!


