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What is the Lorentzian Barrett-Crane GFT model?

★ It is a model for 4d Lorentzian quantum gravity.

• Quantization technique: Lattice path integral 

• Gravitational theory: Lorentzian Palatini gravity in first-order formulation
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What is the Lorentzian Barrett-Crane GFT model?

★ It is a model for 4d Lorentzian quantum gravity.

• Quantization technique: Lattice path integral 

• Gravitational theory: Lorentzian Palatini gravity in first order formulation

• Classical level: Palatini gravity in first-order formulation via BF-theory plus constraints

• Quantum level: Impose constraints onto GFT quantization of BF-theory



What is Landau-Ginzburg theory?
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★ It is a method to describe phase transitions at mean-field level.

•  Provides coarse account of phase structure of field theories
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Why apply Landau-Ginzburg theory to GFT?

• Describe transition to condensate phase with non-trivial VEV (non-perturbative vacuum)

• Map phases/phase structure of GFT models

• Exploit field theory properties of GFT

★ Substantiate idea of emergence of continuum spacetime ~ control non-perturbative sector

What is Landau-Ginzburg theory?
★ It is a method to describe phase transitions at mean-field level.

•  Provides coarse account of phase structure of field theories
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Why apply Landau-Ginzburg theory to GFT?

‣ Relevant for problem of the continuum limit in GFT/spin foam 
models/simplicial gravity

• Describe transition to condensate phase with non-trivial VEV (non-perturbative vacuum)

• Map phases/phase structure of GFT models

• Exploit field theory properties of GFT

★ Substantiate idea of emergence of continuum spacetime ~ control non-perturbative sector

What is Landau-Ginzburg theory?
★ It is a method to describe phase transitions at mean-field level.

•  Provides coarse account of phase structure of field theories
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BF-theory and GFT
BF-theory:
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D!�(F (!)) (integral over flat connections, i.e. no local dof)

(but: volume of space of flat connections infinitely large!)

quantization on a regulating lattice structure‣ill-defined in the continuum
resort to
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Lie(G) ⇠= g
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BF-theory and GFT
BF-theory:
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Z =
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D!�(F (!)) (integral over flat connections, i.e. no local dof)

(but: volume of space of flat connections infinitely large!)

quantization on a regulating lattice structure‣ill-defined in the continuum
resort to
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Lie(G) ⇠= g

via Ooguri GFT model:
[Ooguri 9205090]
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‣ invariance of field corresponds to closure of bi-vectors
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<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="LE3HG2q9th3gcxyOB2L81PL6GFE=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIp6qVQ6sVjBfsBbQyb7bZdupuE3Y1YQv6KFw+KePWPePPfuG1z0NYHA4/3ZpiZF8ScKe0439ba+sbm1nZhp7i7t39waB+V2ipKJKEtEvFIdgOsKGchbWmmOe3GkmIRcNoJJjczv/NIpWJReK+nMfUEHoVsyAjWRvLtUl8lwk9Zzc0eqqjhs5rj22Wn4syBVombkzLkaPr2V38QkUTQUBOOleq5Tqy9FEvNCKdZsZ8oGmMywSPaMzTEgiovnd+eoTOjDNAwkqZCjebq74kUC6WmIjCdAuuxWvZm4n9eL9HDay9lYZxoGpLFomHCkY7QLAg0YJISzaeGYCKZuRWRMZaYaBNX0YTgLr+8StoXFfeyUr2rluuNPI4CnMApnIMLV1CHW2hCCwg8wTO8wpuVWS/Wu/WxaF2z8plj+APr8wd9OZNw</latexit>

4X

i=1

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



4

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

ZGFT =

Z
D'D'̄e�SGFT[','̄] =

X

�

�V�

Sym(�)
A�

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

� graph dual to 
triangulation (lattice)

# of 
vertices

<latexit sha1_base64="dQ+Gya7MrJNBw45Uuu0yByFf9lo="></latexit>

S =

Z
(dg)4|'1234|2 +

�

5!

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

combinatorics of a 4-simplex

<latexit sha1_base64="VVGvaiq8sbgPYptPJfLfOjSaftk=">AAACFXicbVDLSsNAFJ3UV62vqEs3wSJUKCVpg7osunFZwT6gCWEynaRDJ5M4MymU0J9w46+4caGIW8Gdf+O0zUJbDxw4nHMvM/f4CSVCmua3Vlhb39jcKm6Xdnb39g/0w6OOiFOOcBvFNOY9HwpMCcNtSSTFvYRjGPkUd/3RzSzvjjEXJGb3cpJgN4IhIwFBUCrL06vOGPJkSLzMqjfsqYMfUjLOvUroWdXQqys2FO1zTy+bNXMOY1VYuSiDHC1P/3IGMUojzCSiUIi+ZSbSzSCXBFE8LTmpwAlEIxjivpIMRli42fyqqXGmnIERxFyRSWPu/t7IYCTEJPLVZATlUCxnM/O/rJ/K4MrNCEtSiRlaPBSk1JCxMavIGBCOkaQTJSDiRP3VQEPIIZKqyJIqwVo+eVV06jXrombf2eXmdV5HEZyAU1ABFrgETXALWqANEHgEz+AVvGlP2ov2rn0sRgtavnMM/kD7/AFCfZ2W</latexit>

'1234 ⌘ '(g1, g2, g3, g4)

BF-theory and GFT
BF-theory:

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

Z =

Z
D!DBeiS[!,B] =

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

(but: volume of space of flat connections infinitely large!)

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

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

S[!, B] =

Z
BIJ ^ F IJ(!)

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

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

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

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

g� valued 2-form
<latexit sha1_base64="mEMcStun7rHGT22x72VWrsAf6Bc=">AAACB3icbVA9SwNBEN3zM8avqKUgh0GITbiToJZBCy0sIpgPyIWwt5lLluztHbtzYjjS2fhXbCwUsfUv2Plv3HwUmvhg4PHeDDPz/FhwjY7zbS0sLi2vrGbWsusbm1vbuZ3dmo4SxaDKIhGphk81CC6hihwFNGIFNPQF1P3+5civ34PSPJJ3OIihFdKu5AFnFI3Uzh14CA+Y3nAYFq6OPRbJrhdS7AWK9tPusJ3LO0VnDHueuFOSJ1NU2rkvrxOxJASJTFCtm64TYyulCjkTMMx6iYaYsj7tQtNQSUPQrXT8x9A+MkrHDiJlSqI9Vn9PpDTUehD6pnN0o571RuJ/XjPB4LyVchknCJJNFgWJsDGyR6HYHa6AoRgYQpni5lab9aiiDE10WROCO/vyPKmdFN3TYum2lC9fTOPIkH1ySArEJWekTK5JhVQJI4/kmbySN+vJerHerY9J64I1ndkjf2B9/gB5R5m3</latexit>

Lie(G) ⇠= g

via Ooguri GFT model:
[Ooguri 9205090]

<latexit sha1_base64="kUGCGJhSxUjtW4T99pfwfgA5eWQ="></latexit>

'(g1, g2, g3, g4) = '(g1h, g2h, g3h, g4h), gi, h 2 G

‣ invariance of field corresponds to closure of bi-vectors
<latexit sha1_base64="MHvM0Ws+ZiXFPBbGyjGt86acHXE=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUmkqMtSNy4r2Ac0pUymk3boZBJmJkII9VfcuFDErR/izr9x0mahrQcGDufcyz1z/JgzpR3n2yptbG5t75R3K3v7B4dH9vFJV0WJJLRDIh7Jvo8V5UzQjmaa034sKQ59Tnv+7Db3e49UKhaJB53GdBjiiWABI1gbaWRXWyPmMYG8EOtpIPEsm8xHds2pOwugdeIWpAYF2iP7yxtHJAmp0IRjpQauE+thhqVmhNN5xUsUjTGZ4QkdGCpwSNUwW4Sfo3OjjFEQSfOERgv190aGQ6XS0DeTeUa16uXif94g0cHNMGMiTjQVZHkoSDjSEcqbQGMmKdE8NQQTyUxWRKZYYqJNXxVTgrv65XXSvay7V/XGfaPWbBV1lOEUzuACXLiGJtxBGzpAIIVneIU368l6sd6tj+VoySp2qvAH1ucPuq6U2A==</latexit>

Bi 2 g

<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="LE3HG2q9th3gcxyOB2L81PL6GFE=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIp6qVQ6sVjBfsBbQyb7bZdupuE3Y1YQv6KFw+KePWPePPfuG1z0NYHA4/3ZpiZF8ScKe0439ba+sbm1nZhp7i7t39waB+V2ipKJKEtEvFIdgOsKGchbWmmOe3GkmIRcNoJJjczv/NIpWJReK+nMfUEHoVsyAjWRvLtUl8lwk9Zzc0eqqjhs5rj22Wn4syBVombkzLkaPr2V38QkUTQUBOOleq5Tqy9FEvNCKdZsZ8oGmMywSPaMzTEgiovnd+eoTOjDNAwkqZCjebq74kUC6WmIjCdAuuxWvZm4n9eL9HDay9lYZxoGpLFomHCkY7QLAg0YJISzaeGYCKZuRWRMZaYaBNX0YTgLr+8StoXFfeyUr2rluuNPI4CnMApnIMLV1CHW2hCCwg8wTO8wpuVWS/Wu/WxaF2z8plj+APr8wd9OZNw</latexit>

4X

i=1

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



4
‣ improvement of expansion by using coloured GFTs: no topological pathologies

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

ZGFT =

Z
D'D'̄e�SGFT[','̄] =

X

�

�V�

Sym(�)
A�

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

� graph dual to 
triangulation (lattice)

# of 
vertices

<latexit sha1_base64="dQ+Gya7MrJNBw45Uuu0yByFf9lo="></latexit>

S =

Z
(dg)4|'1234|2 +

�

5!

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

combinatorics of a 4-simplex

<latexit sha1_base64="VVGvaiq8sbgPYptPJfLfOjSaftk=">AAACFXicbVDLSsNAFJ3UV62vqEs3wSJUKCVpg7osunFZwT6gCWEynaRDJ5M4MymU0J9w46+4caGIW8Gdf+O0zUJbDxw4nHMvM/f4CSVCmua3Vlhb39jcKm6Xdnb39g/0w6OOiFOOcBvFNOY9HwpMCcNtSSTFvYRjGPkUd/3RzSzvjjEXJGb3cpJgN4IhIwFBUCrL06vOGPJkSLzMqjfsqYMfUjLOvUroWdXQqys2FO1zTy+bNXMOY1VYuSiDHC1P/3IGMUojzCSiUIi+ZSbSzSCXBFE8LTmpwAlEIxjivpIMRli42fyqqXGmnIERxFyRSWPu/t7IYCTEJPLVZATlUCxnM/O/rJ/K4MrNCEtSiRlaPBSk1JCxMavIGBCOkaQTJSDiRP3VQEPIIZKqyJIqwVo+eVV06jXrombf2eXmdV5HEZyAU1ABFrgETXALWqANEHgEz+AVvGlP2ov2rn0sRgtavnMM/kD7/AFCfZ2W</latexit>

'1234 ⌘ '(g1, g2, g3, g4)

[Gurau 0907.2582, 0911.1945, 1006.0714,…]

BF-theory and GFT
BF-theory:

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

Z =

Z
D!DBeiS[!,B] =

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

(but: volume of space of flat connections infinitely large!)

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

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

S[!, B] =

Z
BIJ ^ F IJ(!)

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

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

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

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

g� valued 2-form
<latexit sha1_base64="mEMcStun7rHGT22x72VWrsAf6Bc=">AAACB3icbVA9SwNBEN3zM8avqKUgh0GITbiToJZBCy0sIpgPyIWwt5lLluztHbtzYjjS2fhXbCwUsfUv2Plv3HwUmvhg4PHeDDPz/FhwjY7zbS0sLi2vrGbWsusbm1vbuZ3dmo4SxaDKIhGphk81CC6hihwFNGIFNPQF1P3+5civ34PSPJJ3OIihFdKu5AFnFI3Uzh14CA+Y3nAYFq6OPRbJrhdS7AWK9tPusJ3LO0VnDHueuFOSJ1NU2rkvrxOxJASJTFCtm64TYyulCjkTMMx6iYaYsj7tQtNQSUPQrXT8x9A+MkrHDiJlSqI9Vn9PpDTUehD6pnN0o571RuJ/XjPB4LyVchknCJJNFgWJsDGyR6HYHa6AoRgYQpni5lab9aiiDE10WROCO/vyPKmdFN3TYum2lC9fTOPIkH1ySArEJWekTK5JhVQJI4/kmbySN+vJerHerY9J64I1ndkjf2B9/gB5R5m3</latexit>

Lie(G) ⇠= g

via Ooguri GFT model:
[Ooguri 9205090]

<latexit sha1_base64="kUGCGJhSxUjtW4T99pfwfgA5eWQ="></latexit>

'(g1, g2, g3, g4) = '(g1h, g2h, g3h, g4h), gi, h 2 G

‣ invariance of field corresponds to closure of bi-vectors
<latexit sha1_base64="MHvM0Ws+ZiXFPBbGyjGt86acHXE=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUmkqMtSNy4r2Ac0pUymk3boZBJmJkII9VfcuFDErR/izr9x0mahrQcGDufcyz1z/JgzpR3n2yptbG5t75R3K3v7B4dH9vFJV0WJJLRDIh7Jvo8V5UzQjmaa034sKQ59Tnv+7Db3e49UKhaJB53GdBjiiWABI1gbaWRXWyPmMYG8EOtpIPEsm8xHds2pOwugdeIWpAYF2iP7yxtHJAmp0IRjpQauE+thhqVmhNN5xUsUjTGZ4QkdGCpwSNUwW4Sfo3OjjFEQSfOERgv190aGQ6XS0DeTeUa16uXif94g0cHNMGMiTjQVZHkoSDjSEcqbQGMmKdE8NQQTyUxWRKZYYqJNXxVTgrv65XXSvay7V/XGfaPWbBV1lOEUzuACXLiGJtxBGzpAIIVneIU368l6sd6tj+VoySp2qvAH1ucPuq6U2A==</latexit>

Bi 2 g

<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="LE3HG2q9th3gcxyOB2L81PL6GFE=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIp6qVQ6sVjBfsBbQyb7bZdupuE3Y1YQv6KFw+KePWPePPfuG1z0NYHA4/3ZpiZF8ScKe0439ba+sbm1nZhp7i7t39waB+V2ipKJKEtEvFIdgOsKGchbWmmOe3GkmIRcNoJJjczv/NIpWJReK+nMfUEHoVsyAjWRvLtUl8lwk9Zzc0eqqjhs5rj22Wn4syBVombkzLkaPr2V38QkUTQUBOOleq5Tqy9FEvNCKdZsZ8oGmMywSPaMzTEgiovnd+eoTOjDNAwkqZCjebq74kUC6WmIjCdAuuxWvZm4n9eL9HDay9lYZxoGpLFomHCkY7QLAg0YJISzaeGYCKZuRWRMZaYaBNX0YTgLr+8StoXFfeyUr2rluuNPI4CnMApnIMLV1CHW2hCCwg8wTO8wpuVWS/Wu/WxaF2z8plj+APr8wd9OZNw</latexit>

4X

i=1

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



‣   via constrained BF-theory:

5

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

S[!, B, µ] =

Z 
BIJ ^ F IJ(!) +

1

2
µIJKLB

IJ ^BKL

�

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

Lagrange multiplier

Bring in gravity (classical level)

<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="Ff1Qw3WuicMNrY7faPdgGv1kz2o="></latexit>

variation wrt µ
<latexit sha1_base64="vxtDNFBSBUlqFIGN/XBm8wwye+U=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvtpF262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcIGCZLYTjWyOJTYCkd3M7/1hNqIRD3SOMUgZgMlIsEZWanVDTMpkXrlilf15nBXiZ+TCuSo98pf3X7CsxgVccmM6fheSsGEaRJc4rTUzQymjI/YADuWKhajCSbzc6fumVX6bpRoW4rcufp7YsJiY8ZxaDtjRkOz7M3E/7xORtFNMBEqzQgVXyyKMulS4s5+d/tCIyc5toRxLeytLh8yzTjZhEo2BH/55VXSvKj6V9XLh8tK7TaPowgncArn4MM11OAe6tAADiN4hld4c1LnxXl3PhatBSefOYY/cD5/AHr/j60=</latexit>•

<latexit sha1_base64="vxtDNFBSBUlqFIGN/XBm8wwye+U=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvtpF262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcIGCZLYTjWyOJTYCkd3M7/1hNqIRD3SOMUgZgMlIsEZWanVDTMpkXrlilf15nBXiZ+TCuSo98pf3X7CsxgVccmM6fheSsGEaRJc4rTUzQymjI/YADuWKhajCSbzc6fumVX6bpRoW4rcufp7YsJiY8ZxaDtjRkOz7M3E/7xORtFNMBEqzQgVXyyKMulS4s5+d/tCIyc5toRxLeytLh8yzTjZhEo2BH/55VXSvKj6V9XLh8tK7TaPowgncArn4MM11OAe6tAADiN4hld4c1LnxXl3PhatBSefOYY/cD5/AHr/j60=</latexit>•

<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

<latexit sha1_base64="vxtDNFBSBUlqFIGN/XBm8wwye+U=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvtpF262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcIGCZLYTjWyOJTYCkd3M7/1hNqIRD3SOMUgZgMlIsEZWanVDTMpkXrlilf15nBXiZ+TCuSo98pf3X7CsxgVccmM6fheSsGEaRJc4rTUzQymjI/YADuWKhajCSbzc6fumVX6bpRoW4rcufp7YsJiY8ZxaDtjRkOz7M3E/7xORtFNMBEqzQgVXyyKMulS4s5+d/tCIyc5toRxLeytLh8yzTjZhEo2BH/55VXSvKj6V9XLh8tK7TaPowgncArn4MM11OAe6tAADiN4hld4c1LnxXl3PhatBSefOYY/cD5/AHr/j60=</latexit>•

<latexit sha1_base64="VXg6TV5nMQ6UeQKr8/vn7DQWAiA=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEqSElKUTdCsQtduKhoH9CGMplO2qEzSZiZCCVk4cZfceNCEbd+hDv/xknahbYeGDhzzr3ce48bMiqVZX0bS8srq2vruY385tb2zq65t9+SQSQwaeKABaLjIkkY9UlTUcVIJxQEcZeRtjuup377gQhJA/9eTULicDT0qUcxUlrqm4Wrix5HaiR4fHeTlCon2c9143py3DeLVtnKABeJPSNFMEOjb371BgGOOPEVZkjKrm2FyomRUBQzkuR7kSQhwmM0JF1NfcSJdOLsiAQeaWUAvUDo5yuYqb87YsSlnHBXV6YrynkvFf/zupHyzp2Y+mGkiI+ng7yIQRXANBE4oIJgxSaaICyo3hXiERIIK51bXodgz5+8SFqVsn1art5Wi7XLWRw5UACHoARscAZq4Bo0QBNg8AiewSt4M56MF+Pd+JiWLhmzngPwB8bnD6Kfl3Y=</latexit>

G = SL(2,C)



‣   via constrained BF-theory:

5

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

S[!, B, µ] =

Z 
BIJ ^ F IJ(!) +

1

2
µIJKLB

IJ ^BKL

�

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

Lagrange multiplier

Bring in gravity (classical level)

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

variation wrt µ
<latexit sha1_base64="vxtDNFBSBUlqFIGN/XBm8wwye+U=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvtpF262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcIGCZLYTjWyOJTYCkd3M7/1hNqIRD3SOMUgZgMlIsEZWanVDTMpkXrlilf15nBXiZ+TCuSo98pf3X7CsxgVccmM6fheSsGEaRJc4rTUzQymjI/YADuWKhajCSbzc6fumVX6bpRoW4rcufp7YsJiY8ZxaDtjRkOz7M3E/7xORtFNMBEqzQgVXyyKMulS4s5+d/tCIyc5toRxLeytLh8yzTjZhEo2BH/55VXSvKj6V9XLh8tK7TaPowgncArn4MM11OAe6tAADiN4hld4c1LnxXl3PhatBSefOYY/cD5/AHr/j60=</latexit>•

<latexit sha1_base64="vxtDNFBSBUlqFIGN/XBm8wwye+U=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvtpF262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcIGCZLYTjWyOJTYCkd3M7/1hNqIRD3SOMUgZgMlIsEZWanVDTMpkXrlilf15nBXiZ+TCuSo98pf3X7CsxgVccmM6fheSsGEaRJc4rTUzQymjI/YADuWKhajCSbzc6fumVX6bpRoW4rcufp7YsJiY8ZxaDtjRkOz7M3E/7xORtFNMBEqzQgVXyyKMulS4s5+d/tCIyc5toRxLeytLh8yzTjZhEo2BH/55VXSvKj6V9XLh8tK7TaPowgncArn4MM11OAe6tAADiN4hld4c1LnxXl3PhatBSefOYY/cD5/AHr/j60=</latexit>•

<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

<latexit sha1_base64="vxtDNFBSBUlqFIGN/XBm8wwye+U=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvtpF262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJsk0xwZPZKLbITMohcIGCZLYTjWyOJTYCkd3M7/1hNqIRD3SOMUgZgMlIsEZWanVDTMpkXrlilf15nBXiZ+TCuSo98pf3X7CsxgVccmM6fheSsGEaRJc4rTUzQymjI/YADuWKhajCSbzc6fumVX6bpRoW4rcufp7YsJiY8ZxaDtjRkOz7M3E/7xORtFNMBEqzQgVXyyKMulS4s5+d/tCIyc5toRxLeytLh8yzTjZhEo2BH/55VXSvKj6V9XLh8tK7TaPowgncArn4MM11OAe6tAADiN4hld4c1LnxXl3PhatBSefOYY/cD5/AHr/j60=</latexit>•

‣ imposition of simplicity constraint:

<latexit sha1_base64="VXg6TV5nMQ6UeQKr8/vn7DQWAiA=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEqSElKUTdCsQtduKhoH9CGMplO2qEzSZiZCCVk4cZfceNCEbd+hDv/xknahbYeGDhzzr3ce48bMiqVZX0bS8srq2vruY385tb2zq65t9+SQSQwaeKABaLjIkkY9UlTUcVIJxQEcZeRtjuup377gQhJA/9eTULicDT0qUcxUlrqm4Wrix5HaiR4fHeTlCon2c9143py3DeLVtnKABeJPSNFMEOjb371BgGOOPEVZkjKrm2FyomRUBQzkuR7kSQhwmM0JF1NfcSJdOLsiAQeaWUAvUDo5yuYqb87YsSlnHBXV6YrynkvFf/zupHyzp2Y+mGkiI+ng7yIQRXANBE4oIJgxSaaICyo3hXiERIIK51bXodgz5+8SFqVsn1art5Wi7XLWRw5UACHoARscAZq4Bo0QBNg8AiewSt4M56MF+Pd+JiWLhmzngPwB8bnD6Kfl3Y=</latexit>

G = SL(2,C)
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Bring in gravity(Barrett-Crane GFT 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,�}with

stabilizers of
normal vectors timelike spacelikelightlike

<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)

homogeneous spaces:

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

‣  add to domain non-dynamical timelike, spacelike or lightlike normal vector
<latexit sha1_base64="fSyOqkYj3QsJQz9atmaGaE1B9t4=">AAAB73icdVBNS8NAEN3Ur1q/qh69LBbBU0jS2tZb0YvHCtYG2lAm2027dPPh7kYooX/CiwdFvPp3vPlv3LQVVPTBwOO9GWbm+QlnUlnWh1FYWV1b3yhulra2d3b3yvsHtzJOBaEdEvNYuD5IyllEO4opTt1EUAh9Trv+5DL3u/dUSBZHN2qaUC+EUcQCRkBpyXUHfeDJGAblimWeN+vOmYMt07IaTrWeE6dRc6rY1kqOClqiPSi/94cxSUMaKcJByp5tJcrLQChGOJ2V+qmkCZAJjGhP0whCKr1sfu8Mn2hliINY6IoUnqvfJzIIpZyGvu4MQY3lby8X//J6qQqaXsaiJFU0IotFQcqxinH+PB4yQYniU02ACKZvxWQMAojSEZV0CF+f4v/JrWPadbN2Xau0LpZxFNEROkanyEYN1EJXqI06iCCOHtATejbujEfjxXhdtBaM5cwh+gHj7RNVUpAw</latexit>

X↵

[Barrett, Crane 9904025; Perez, Rovelli 0009021 & 0011037;  
                    Oriti, Baratin 1108.1178;  

Jercher, Oriti, Pithis 2112.00091 & 2206.15442]
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Bring in gravity(Barrett-Crane GFT 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,�}with

stabilizers of
normal vectors timelike spacelikelightlike

<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)

homogeneous spaces:

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

‣  add to domain non-dynamical timelike, spacelike or lightlike normal vector
<latexit sha1_base64="fSyOqkYj3QsJQz9atmaGaE1B9t4=">AAAB73icdVBNS8NAEN3Ur1q/qh69LBbBU0jS2tZb0YvHCtYG2lAm2027dPPh7kYooX/CiwdFvPp3vPlv3LQVVPTBwOO9GWbm+QlnUlnWh1FYWV1b3yhulra2d3b3yvsHtzJOBaEdEvNYuD5IyllEO4opTt1EUAh9Trv+5DL3u/dUSBZHN2qaUC+EUcQCRkBpyXUHfeDJGAblimWeN+vOmYMt07IaTrWeE6dRc6rY1kqOClqiPSi/94cxSUMaKcJByp5tJcrLQChGOJ2V+qmkCZAJjGhP0whCKr1sfu8Mn2hliINY6IoUnqvfJzIIpZyGvu4MQY3lby8X//J6qQqaXsaiJFU0IotFQcqxinH+PB4yQYniU02ACKZvxWQMAojSEZV0CF+f4v/JrWPadbN2Xau0LpZxFNEROkanyEYN1EJXqI06iCCOHtATejbujEfjxXhdtBaM5cwh+gHj7RNVUpAw</latexit>

X↵

[Barrett, Crane 9904025; Perez, Rovelli 0009021 & 0011037;  
                    Oriti, Baratin 1108.1178;  

Jercher, Oriti, Pithis 2112.00091 & 2206.15442]

geometric interpretation:

‣ fields correspond to spacelike, timelike and lightlike tetrahedra

properties of the field: 
(simplicity constraint) 

(closure, already needed in Ooguri model) 
<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↵

<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="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>,

➡Go to bi-vector representation

‣ turns the model into one for 4d Lorentzian quantum gravity (first-order Palatini gravity)
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Bring in gravity(Barrett-Crane GFT 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,�}with

stabilizers of
normal vectors timelike spacelikelightlike

<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)

homogeneous spaces:

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

‣  add to domain non-dynamical timelike, spacelike or lightlike normal vector
<latexit sha1_base64="fSyOqkYj3QsJQz9atmaGaE1B9t4=">AAAB73icdVBNS8NAEN3Ur1q/qh69LBbBU0jS2tZb0YvHCtYG2lAm2027dPPh7kYooX/CiwdFvPp3vPlv3LQVVPTBwOO9GWbm+QlnUlnWh1FYWV1b3yhulra2d3b3yvsHtzJOBaEdEvNYuD5IyllEO4opTt1EUAh9Trv+5DL3u/dUSBZHN2qaUC+EUcQCRkBpyXUHfeDJGAblimWeN+vOmYMt07IaTrWeE6dRc6rY1kqOClqiPSi/94cxSUMaKcJByp5tJcrLQChGOJ2V+qmkCZAJjGhP0whCKr1sfu8Mn2hliINY6IoUnqvfJzIIpZyGvu4MQY3lby8X//J6qQqaXsaiJFU0IotFQcqxinH+PB4yQYniU02ACKZvxWQMAojSEZV0CF+f4v/JrWPadbN2Xau0LpZxFNEROkanyEYN1EJXqI06iCCOHtATejbujEfjxXhdtBaM5cwh+gHj7RNVUpAw</latexit>

X↵

[Barrett, Crane 9904025; Perez, Rovelli 0009021 & 0011037;  
                    Oriti, Baratin 1108.1178;  

Jercher, Oriti, Pithis 2112.00091 & 2206.15442]

geometric interpretation:

‣ fields correspond to spacelike, timelike and lightlike tetrahedra

properties of the field: 
(simplicity constraint) 

(closure, already needed in Ooguri model) 
<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↵

<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="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>,

➡Go to bi-vector representation

‣ turns it into a model for 4d Lorentzian quantum gravity (first-order Palatini gravity)

<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 [', '̄]

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

↵ 2 {+, 0,�}

action:
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Bring in gravity(Barrett-Crane GFT 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,�}with

stabilizers of
normal vectors timelike spacelikelightlike

<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)

homogeneous spaces:

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

‣  add to domain non-dynamical timelike, spacelike or lightlike normal vector
<latexit sha1_base64="fSyOqkYj3QsJQz9atmaGaE1B9t4=">AAAB73icdVBNS8NAEN3Ur1q/qh69LBbBU0jS2tZb0YvHCtYG2lAm2027dPPh7kYooX/CiwdFvPp3vPlv3LQVVPTBwOO9GWbm+QlnUlnWh1FYWV1b3yhulra2d3b3yvsHtzJOBaEdEvNYuD5IyllEO4opTt1EUAh9Trv+5DL3u/dUSBZHN2qaUC+EUcQCRkBpyXUHfeDJGAblimWeN+vOmYMt07IaTrWeE6dRc6rY1kqOClqiPSi/94cxSUMaKcJByp5tJcrLQChGOJ2V+qmkCZAJjGhP0whCKr1sfu8Mn2hliINY6IoUnqvfJzIIpZyGvu4MQY3lby8X//J6qQqaXsaiJFU0IotFQcqxinH+PB4yQYniU02ACKZvxWQMAojSEZV0CF+f4v/JrWPadbN2Xau0LpZxFNEROkanyEYN1EJXqI06iCCOHtATejbujEfjxXhdtBaM5cwh+gHj7RNVUpAw</latexit>

X↵

[Barrett, Crane 9904025; Perez, Rovelli 0009021 & 0011037;  
                    Oriti, Baratin 1108.1178;  

Jercher, Oriti, Pithis 2112.00091 & 2206.15442]

geometric interpretation:

‣ fields correspond to spacelike, timelike and lightlike tetrahedra

properties of the field: 
(simplicity constraint) 

(closure, already needed in Ooguri model) 
<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↵

<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="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>,

➡Go to bi-vector representation

‣ turns it into a model for 4d Lorentzian quantum gravity (first-order Palatini gravity)

<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 [', '̄]

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

↵ 2 {+, 0,�}

‣ tensor-invariant interactions

‣ coloured setting

action:

extensions:



Application of LG theory to BC model
How to:

7

[Marchetti, Oriti, Thürigen, Pithis 2209.04297, 2211.12768]

0.2) restrict Barrett-Crane model to case with spacelike tetrahedra/timelike normals:

0.1) add into the action Laplace-Beltrami operator on  introduces coarse-graining scale
<latexit sha1_base64="Xx3YnOtGYeslgn0XcW98V1lFAUk=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyxCBSlJKeqy2I0LFxXtA5pYJtNpO3TyYOZGLCG48VfcuFDErV/hzr9x0mah1QMXDufcy733uCFnEkzzS8stLC4tr+RXC2vrG5tb+vZOSwaRILRJAh6Ijosl5cynTWDAaScUFHsup213XE/99h0VkgX+DUxC6nh46LMBIxiU1NP3bKD3EF9fJqXKse1hGLluXE+Obqs9vWiWzSmMv8TKSBFlaPT0T7sfkMijPhCOpexaZghOjAUwwmlSsCNJQ0zGeEi7ivrYo9KJpy8kxqFS+sYgEKp8MKbqz4kYe1JOPFd1pkfKeS8V//O6EQzOnJj5YQTUJ7NFg4gbEBhpHkafCUqATxTBRDB1q0FGWGACKrWCCsGaf/kvaVXK1km5elUt1s6zOPJoHx2gErLQKaqhC9RATUTQA3pCL+hVe9SetTftfdaa07KZXfQL2sc3NjaWrA==</latexit>

SL(2,C)4
<latexit sha1_base64="bmYo6StmxcTTBUHJD1cUBr2pFIo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa67z7xXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNe043e</latexit>

⇠

<latexit sha1_base64="9TKqrOZMIK7y00g+TrXM9VGTynQ="></latexit>

'(g1, g2, g3, g4, X+) with gi, X+ 2 H
3
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1) determine uniform field configurations which are minimizers of the BC action functional

2) study correlations of fluctuations around this uniform background (aka Gaussian approximation)

[Marchetti, Oriti, Thürigen, Pithis 2209.04297, 2211.12768]

2. b) solve for correlation function
<latexit sha1_base64="8yGo8FjspFqv1gGni5/SiHdOUaI=">AAAB+3icbVDLSsNAFL3xWesr1qWbYBEqSElqUZfFblxWsA9oQ5hMJ+nQySTMTMQS+ituXCji1h9x5984bbPQ1gMHDufcy9w5fsKoVLb9baytb2xubRd2irt7+weH5lGpI+NUYNLGMYtFz0eSMMpJW1HFSC8RBEU+I11/3Jzl3UciJI35g5okxI1QyGlAMVLa8sxSsxJ6zkXo1TQvNevnnlm2q/Yc1qpwclGGHC3P/BoMY5xGhCvMkJR9x06UmyGhKGZkWhykkiQIj1FI+lpyFBHpZvPbp9aZdoZWEAtNrqy5+3sjQ5GUk8jXkxFSI7mczcz/sn6qghs3ozxJFeF48VCQMkvF1qwIa0gFwYpNtEBYUH2rhUdIIKx0XUVdgrP85VXRqVWdq2r9vl5u3OZ1FOAETqECDlxDA+6gBW3A8ATP8ApvxtR4Md6Nj8XompHvHMMfGJ8/1eySYg==</latexit>

C(g1, g2, g3, g4)

2. c) correlator is exponentially decaying function               determine correlation length
<latexit sha1_base64="bmYo6StmxcTTBUHJD1cUBr2pFIo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa67z7xXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNe043e</latexit>

⇠

2. a) linearize classical equations of motion using fluctuations over the background                                                    
<latexit sha1_base64="qUXcTKTwf+NSPgr5eMFSQ96ZGOU=">AAACMnicdVDLSgMxFM3UV62vUZdugkWoKGWmFnVZdKO7CvYBnWHIpGkbmnmQ3CmU0v6SG79EcKELRdz6EaaPhbZ64YbDOfdwc48fC67Asl6M1NLyyupaej2zsbm1vWPu7lVVlEjKKjQSkaz7RDHBQ1YBDoLVY8lI4AtW87vXY73WY1LxKLyHfszcgLRD3uKUgKY889bpERl3eK7t2adtr6D7THfxeDRyINLPVPYsfIKdJhNA/jN4ZtbKW5PCi8CegSyaVdkzn5xmRJOAhUAFUaphWzG4AyKBU8GGGSdRLCa0S9qsoWFIAqbcweTkIT7STBO3Iqk7BDxhfzoGJFCqH/h6MiDQUfPamPxLayTQunQHPIwTYCGdLmolAkOEx/nhJpeMguhrQKjk+q+YdogkFHTKGR2CPX/yIqgW8vZ5vnhXzJauZnGk0QE6RDlkowtUQjeojCqIogf0jN7Qu/FovBofxud0NGXMPPvoVxlf3zHzqEU=</latexit>

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

background fluctuations

0.1) add into the action Laplace-Beltrami operator on  introduces coarse-graining scale
<latexit sha1_base64="Xx3YnOtGYeslgn0XcW98V1lFAUk=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyxCBSlJKeqy2I0LFxXtA5pYJtNpO3TyYOZGLCG48VfcuFDErV/hzr9x0mah1QMXDufcy733uCFnEkzzS8stLC4tr+RXC2vrG5tb+vZOSwaRILRJAh6Ijosl5cynTWDAaScUFHsup213XE/99h0VkgX+DUxC6nh46LMBIxiU1NP3bKD3EF9fJqXKse1hGLluXE+Obqs9vWiWzSmMv8TKSBFlaPT0T7sfkMijPhCOpexaZghOjAUwwmlSsCNJQ0zGeEi7ivrYo9KJpy8kxqFS+sYgEKp8MKbqz4kYe1JOPFd1pkfKeS8V//O6EQzOnJj5YQTUJ7NFg4gbEBhpHkafCUqATxTBRDB1q0FGWGACKrWCCsGaf/kvaVXK1km5elUt1s6zOPJoHx2gErLQKaqhC9RATUTQA3pCL+hVe9SetTftfdaa07KZXfQL2sc3NjaWrA==</latexit>

SL(2,C)4
<latexit sha1_base64="bmYo6StmxcTTBUHJD1cUBr2pFIo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa67z7xXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNe043e</latexit>

⇠

0.2) restrict Barrett-Crane model to case with spacelike tetrahedra/timelike normals:
<latexit sha1_base64="9TKqrOZMIK7y00g+TrXM9VGTynQ="></latexit>

'(g1, g2, g3, g4, X+) with gi, X+ 2 H
3
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2) study correlations of fluctuations around this uniform background (aka Gaussian approximation)

[Marchetti, Oriti, Thürigen, Pithis 2209.04297, 2211.12768]

2. b) solve for correlation function
<latexit sha1_base64="8yGo8FjspFqv1gGni5/SiHdOUaI=">AAAB+3icbVDLSsNAFL3xWesr1qWbYBEqSElqUZfFblxWsA9oQ5hMJ+nQySTMTMQS+ituXCji1h9x5984bbPQ1gMHDufcy9w5fsKoVLb9baytb2xubRd2irt7+weH5lGpI+NUYNLGMYtFz0eSMMpJW1HFSC8RBEU+I11/3Jzl3UciJI35g5okxI1QyGlAMVLa8sxSsxJ6zkXo1TQvNevnnlm2q/Yc1qpwclGGHC3P/BoMY5xGhCvMkJR9x06UmyGhKGZkWhykkiQIj1FI+lpyFBHpZvPbp9aZdoZWEAtNrqy5+3sjQ5GUk8jXkxFSI7mczcz/sn6qghs3ozxJFeF48VCQMkvF1qwIa0gFwYpNtEBYUH2rhUdIIKx0XUVdgrP85VXRqVWdq2r9vl5u3OZ1FOAETqECDlxDA+6gBW3A8ATP8ApvxtR4Md6Nj8XompHvHMMfGJ8/1eySYg==</latexit>

C(g1, g2, g3, g4)

2. c) correlator is exponentially decaying function               determine correlation length
<latexit sha1_base64="bmYo6StmxcTTBUHJD1cUBr2pFIo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa67z7xXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNe043e</latexit>

⇠

2. a) linearize classical equations of motion using fluctuations over the background                                                    
<latexit sha1_base64="qUXcTKTwf+NSPgr5eMFSQ96ZGOU=">AAACMnicdVDLSgMxFM3UV62vUZdugkWoKGWmFnVZdKO7CvYBnWHIpGkbmnmQ3CmU0v6SG79EcKELRdz6EaaPhbZ64YbDOfdwc48fC67Asl6M1NLyyupaej2zsbm1vWPu7lVVlEjKKjQSkaz7RDHBQ1YBDoLVY8lI4AtW87vXY73WY1LxKLyHfszcgLRD3uKUgKY889bpERl3eK7t2adtr6D7THfxeDRyINLPVPYsfIKdJhNA/jN4ZtbKW5PCi8CegSyaVdkzn5xmRJOAhUAFUaphWzG4AyKBU8GGGSdRLCa0S9qsoWFIAqbcweTkIT7STBO3Iqk7BDxhfzoGJFCqH/h6MiDQUfPamPxLayTQunQHPIwTYCGdLmolAkOEx/nhJpeMguhrQKjk+q+YdogkFHTKGR2CPX/yIqgW8vZ5vnhXzJauZnGk0QE6RDlkowtUQjeojCqIogf0jN7Qu/FovBofxud0NGXMPPvoVxlf3zHzqEU=</latexit>

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

background fluctuations

0.1) add into the action Laplace-Beltrami operator on  introduces coarse-graining scale
<latexit sha1_base64="Xx3YnOtGYeslgn0XcW98V1lFAUk=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyxCBSlJKeqy2I0LFxXtA5pYJtNpO3TyYOZGLCG48VfcuFDErV/hzr9x0mah1QMXDufcy733uCFnEkzzS8stLC4tr+RXC2vrG5tb+vZOSwaRILRJAh6Ijosl5cynTWDAaScUFHsup213XE/99h0VkgX+DUxC6nh46LMBIxiU1NP3bKD3EF9fJqXKse1hGLluXE+Obqs9vWiWzSmMv8TKSBFlaPT0T7sfkMijPhCOpexaZghOjAUwwmlSsCNJQ0zGeEi7ivrYo9KJpy8kxqFS+sYgEKp8MKbqz4kYe1JOPFd1pkfKeS8V//O6EQzOnJj5YQTUJ7NFg4gbEBhpHkafCUqATxTBRDB1q0FGWGACKrWCCsGaf/kvaVXK1km5elUt1s6zOPJoHx2gErLQKaqhC9RATUTQA3pCL+hVe9SetTftfdaa07KZXfQL2sc3NjaWrA==</latexit>

SL(2,C)4
<latexit sha1_base64="bmYo6StmxcTTBUHJD1cUBr2pFIo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa67z7xXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNe043e</latexit>

⇠

3) determine domain of validity of LG MFT:                                Ginzburg parameter
(measures strength of fluctuations)

<latexit sha1_base64="pGveGehkyuQa6Ye9LhCO6KOnT3s="></latexit>

Q =

R
⇠(dg)

4C(g1, g2, g3, g4)R
⇠(dg)

4'2
0

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

• coarse picture of phase diagram

0.2) restrict Barrett-Crane model to case with spacelike tetrahedra/timelike normals:
<latexit sha1_base64="9TKqrOZMIK7y00g+TrXM9VGTynQ="></latexit>

'(g1, g2, g3, g4, X+) with gi, X+ 2 H
3

1) determine uniform field configurations which are minimizers of the BC action functional



Results: Ginzburg Q
• results for quartic local scalar field 

theory on one 3-hyperboloid:

exponential suppression due to hyperbolicity of the domain
[Benedetti 1403.6712]

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

Q ⇠ ��⇠
2e�2·1 ⇠

a

coupling 

8

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



Results: Ginzburg Q
• results for quartic local scalar field 

theory on one 3-hyperboloid:

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

specifies non-local 
combinatorics 

of interaction

rank of the group field

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

Q ⇠ ��⇠
2e�2(4�s0)

⇠
a

[Benedetti 1403.6712]

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

Q ⇠ ��⇠
2e�2·1 ⇠

a

coupling 

• results for quartic restricted BC model:

8

• can be generalized to arbitrary interactions: 

[agrees with our results 2110.15336]
dim. of 3-hyperboloid

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="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

valency of interaction

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

s0 = 0

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

s0 = 1

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

s0 = 2

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

s0 = 3

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

(s0 < 4)

tensorial

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

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

exponential suppression due to hyperbolicity of the domain

domain derived from Lorentz group



Results: Ginzburg Q
• results for quartic local scalar field 

theory on one 3-hyperboloid:

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

specifies non-local 
combinatorics 

of interaction

rank of the group field

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

Q ⇠ ��⇠
2e�2(4�s0)

⇠
a

[Benedetti 1403.6712]

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

Q ⇠ ��⇠
2e�2·1 ⇠

a

coupling 

• results for quartic restricted BC model:

8

• can be generalized to arbitrary interactions: 
<latexit sha1_base64="kDERHbP/cKBqAdf1M/YnbrtU4bw="></latexit>

Q ⇠ �
2

V��2
� ⇠

V�
V��2 e�2(4�s0)

⇠
a

valency of interaction

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

s0 = 0

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

s0 = 1

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

s0 = 2

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

s0 = 3

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

(s0 < 4)

tensorial

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

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

finite skirt radius : Ginzburg Q always very small
Self-consistent account of phase structure and transition

[agrees with our results 2110.15336]
dim. of 3-hyperboloid

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

Q ⇠ �
2

V��2
� ⇠

2V�
V��2�3(4�s0)

exponential suppression due to hyperbolicity of the domain

domain derived from Lorentz group



Results: Ginzburg Q
• results for quartic local scalar field 

theory on one 3-hyperboloid:

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

specifies non-local 
combinatorics 

of interaction

rank of the group field

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

Q ⇠ ��⇠
2e�2(4�s0)

⇠
a

[Benedetti 1403.6712]

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

Q ⇠ ��⇠
2e�2·1 ⇠

a

coupling 

• results for quartic restricted BC model:

8

• can be generalized to arbitrary interactions: 
<latexit sha1_base64="kDERHbP/cKBqAdf1M/YnbrtU4bw="></latexit>

Q ⇠ �
2

V��2
� ⇠

V�
V��2 e�2(4�s0)

⇠
a

valency of interaction

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

s0 = 0

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

s0 = 1

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

s0 = 2

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

s0 = 3

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

(s0 < 4)

tensorial
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finite skirt radius : Ginzburg Q always very small
Self-consistent account of phase structure and transition

‣  Interpretation of flat limit?
‣ Why is tree-level theory good enough?
‣ Extension: Include free massless scalar matter on lattice

[agrees with our results 2110.15336]
dim. of 3-hyperboloid

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

Q ⇠ �
2

V��2
� ⇠

2V�
V��2�3(4�s0)

exponential suppression due to hyperbolicity of the domain

domain derived from Lorentz group



Summary & Conclusions
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๏ formulation of BC model for Lorentzian quantum gravity with all causal building blocks 

Corroborates evidence for existence of meaningful continuum gravitational regime in GFT.

๏LG MFT theory also applicable to GFT in spite of its non-local interactions

‣ gives accurate account of its phase structure

‣ applied to BC model restricted to spacelike tetrahedra only  

‣ transition to non-perturbative vacuum/condensate phase

‣ state highly occupied by geometric quanta ~ continuum limit

๏GFT condensate cosmology

‣ dynamics of condensate states leads to Friedmann-like relational evolution



Beyond mountains, more mountains…
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•complement by full-fledged functional RG analyses in search for NGFPs

•apply method to EPRL model

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

•impact on phase structure of all causal building blocks [Jercher, Pithis wip]

[Dekhil, Jercher, Oriti, Pithis wip]

[Jercher, Pithis, Thürigen wip]

•connect with recent FRG analysis for first-order Palatini gravity in the continuum [Gies, Sabor Salek 2209.10435]

• local causality conditions?



Thank you for your attention!



Backup slides



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. [Livine, Oriti 0210064; 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)

Disambiguation: Causal structure



Criticism against the BC model and alleviations

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

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

• Area-length constraints are missing [Alexandrov 0802.3389]

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

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

‣ Need further analysis including timelike and lightlike configurations.

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

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

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

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

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

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

[Baratin, Oriti 1002.4723]

 [Charles 1705.10984; Benedetti, Speziale 1111.0884]


