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Motivation: the path integral for quantum gravity
Z

spacetimes
eiS[spacetime]
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well-defined?
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[e.g. cosmological perturbation theory & EFT formulation of QG by Donoghue et al.]

yes, for  
• with momenta/eigenvalue of Laplacian below Planck mass 
• small fluctuations around a flat/ cosmological background



Motivation: the path integral for quantum gravity
Z

spacetimes
eiS[spacetime]
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possible to go beyond?

• continuum limit?

yes, for  
• with momenta/eigenvalue of Laplacian below Planck mass 
• small fluctuations around a flat/ cosmological background
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continuum models can be discrete            &           discrete models continuous 

• discrete spectra of  
geometric operators in LQG

• emergent ``minimal length” 
as transition scale to  
scale-invariant regime in 
asymptotically safe gravity
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Discreteness in quantum gravity

• arguments (e.g., black-hole entropy) for discreteness at the Planck scale 

• Why continuum limit? 

• Observation 1:  
continuum models can be discrete            &           discrete models continuous 

• discrete spectra of  
geometric operators in LQG

• perfect action 
(lattice action provides continuum 
dynamics even at finite lattice spacing)

• emergent ``minimal length” 
as transition scale to  
scale-invariant regime in 
asymptotically safe gravity

1 5 10 50 100 500 1000
0.5

0.6

0.7

0.8

0.9
1.0

p2

p2

M
Pl
(p
)2



Discreteness in quantum gravity

• arguments (e.g., black-hole entropy) for discreteness at the Planck scale 

• Why continuum limit? 

• Observation 1:  
continuum models can be discrete            &           discrete models continuous 

• discrete spectra of  
geometric operators in LQG

• emergent ``minimal length” 
as transition scale to  
scale-invariant regime in 
asymptotically safe gravity

• perfect action 
(lattice action provides continuum 
dynamics even at finite lattice spacing)

• kinematical discreteness (at the level 
of individual configurations) need not 
persist at the dynamical level  
(path integral: 
sum over discrete config.’s yields continuum 
effective geometry)
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Continuum limit: predictivity at all scales



Continuum limit: predictivity at all scales

example: Effective field theory for gravity 

Breaks down at cutoff scale, because the infinitely many choices for parameters  
matter for predictions at E = MPl

Models defined with a simple cutoff lose predictivity at the cutoff scale:
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Z
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Continuum limit imposes leaves  
finitely (?) many free parameters

• Continuum limit = Renormalization Group fixed point:  
finitely many relevant directions 
(general argument based on dimensional analysis)

• Continuum limit =  mathematical phase transition:  
Physics at criticality determined by finitely many parameters



Motivation: the path integral for quantum gravity
Z

spacetimes
eiS[spacetime]
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well-defined?
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[e.g. cosmological perturbation theory & EFT formulation of QG by Donoghue et al.]
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possible to go beyond?

• continuum limit?

asymptotically safe quantum gravity

tensor models

(causal) dynamical triangulations 
via Monte Carlo simulations

yes, for  
• with momenta/eigenvalue of Laplacian below Planck mass 
• small fluctuations around a flat/ cosmological background



Motivation: the path integral for quantum gravity
Z

spacetimes
eiS[spacetime]
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<latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit>

well-defined?

!
<latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit>

[e.g. cosmological perturbation theory & EFT formulation of QG by Donoghue et al.]

!
<latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit>

possible to go beyond?

• continuum limit?

asymptotically safe quantum gravity

tensor models

(causal) dynamical triangulations 
via Monte Carlo simulations

yes, for  
• with momenta/eigenvalue of Laplacian below Planck mass 
• small fluctuations around a flat/ cosmological background

• background independence?

indirect

directtrade-off?



The continuum limit from local coarse graining



The continuum limit from local coarse graining

local coarse graining: 
requires (auxiliary) background
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<latexit sha1_base64="fjNYs3kiDy6wjz++PRhTFfyDTgQ="></latexit><latexit sha1_base64="fjNYs3kiDy6wjz++PRhTFfyDTgQ="></latexit><latexit sha1_base64="fjNYs3kiDy6wjz++PRhTFfyDTgQ="></latexit>
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<latexit sha1_base64="psNHVWfiMrQ2aQT9RENDB7Bi2aQ=">AAACLXicbVDLSgMxFM3Ud31VXboJFsGFlqkI6k58gEtFawvNWO6kaRuaZIYko5RhvsiNv6ILwQdu/Q3T2oW2HggczrmX3HPCWHBjff/Vy01MTk3PzM7l5xcWl5YLK6s3Jko0ZRUaiUjXQjBMcMUqllvBarFmIEPBqmH3pO9X75g2PFLXthezQEJb8RanYJ3UKJwRzdsdC1pH95hwZTGRYDsURHqakTZICY2UyISoJCPbmN2mO1f1ET3IGoWiX/IHwOOkPCRFNMRFo/BMmhFNJFOWCjCmXvZjG6SgLaeCZXmSGBYD7UKb1R1VIJkJ0kHcDG86pYlbkXbPHTxQf2+kII3pydBN9rOYUa8v/ufVE9s6CFKu4sQyRX8+aiUC2wj3u8NNrhm1oucIUM3drZh2QAO1ruG8K6E8GnmcVHZLhyX/cq94dDxsYxatow20hcpoHx2hc3SBKoiiB/SE3tC79+i9eB/e589ozhvurKE/8L6+AWCqqi8=</latexit><latexit sha1_base64="psNHVWfiMrQ2aQT9RENDB7Bi2aQ=">AAACLXicbVDLSgMxFM3Ud31VXboJFsGFlqkI6k58gEtFawvNWO6kaRuaZIYko5RhvsiNv6ILwQdu/Q3T2oW2HggczrmX3HPCWHBjff/Vy01MTk3PzM7l5xcWl5YLK6s3Jko0ZRUaiUjXQjBMcMUqllvBarFmIEPBqmH3pO9X75g2PFLXthezQEJb8RanYJ3UKJwRzdsdC1pH95hwZTGRYDsURHqakTZICY2UyISoJCPbmN2mO1f1ET3IGoWiX/IHwOOkPCRFNMRFo/BMmhFNJFOWCjCmXvZjG6SgLaeCZXmSGBYD7UKb1R1VIJkJ0kHcDG86pYlbkXbPHTxQf2+kII3pydBN9rOYUa8v/ufVE9s6CFKu4sQyRX8+aiUC2wj3u8NNrhm1oucIUM3drZh2QAO1ruG8K6E8GnmcVHZLhyX/cq94dDxsYxatow20hcpoHx2hc3SBKoiiB/SE3tC79+i9eB/e589ozhvurKE/8L6+AWCqqi8=</latexit><latexit sha1_base64="psNHVWfiMrQ2aQT9RENDB7Bi2aQ=">AAACLXicbVDLSgMxFM3Ud31VXboJFsGFlqkI6k58gEtFawvNWO6kaRuaZIYko5RhvsiNv6ILwQdu/Q3T2oW2HggczrmX3HPCWHBjff/Vy01MTk3PzM7l5xcWl5YLK6s3Jko0ZRUaiUjXQjBMcMUqllvBarFmIEPBqmH3pO9X75g2PFLXthezQEJb8RanYJ3UKJwRzdsdC1pH95hwZTGRYDsURHqakTZICY2UyISoJCPbmN2mO1f1ET3IGoWiX/IHwOOkPCRFNMRFo/BMmhFNJFOWCjCmXvZjG6SgLaeCZXmSGBYD7UKb1R1VIJkJ0kHcDG86pYlbkXbPHTxQf2+kII3pydBN9rOYUa8v/ufVE9s6CFKu4sQyRX8+aiUC2wj3u8NNrhm1oucIUM3drZh2QAO1ruG8K6E8GnmcVHZLhyX/cq94dDxsYxatow20hcpoHx2hc3SBKoiiB/SE3tC79+i9eB/e589ozhvurKE/8L6+AWCqqi8=</latexit>
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<latexit sha1_base64="mwnXLf14FwWLbheZeuIKYIjwu40=">AAACInicbVDLSgMxFM3UV62vUZdugkVwIWUqgo9VURcuK1pb6IzlTpq2oUlmSDJCGeZf3Pgrblz4Wgl+jOljoa0HAodz7iX3nDDmTBvP+3Jyc/MLi0v55cLK6tr6hru5daejRBFaIxGPVCMETTmTtGaY4bQRKwoi5LQe9i+Gfv2BKs0ieWsGMQ0EdCXrMALGSi33DPtMGuwLMD0CPL3M/C4IAa3UF4kvk8w/wPQ+ZTfNKT3IWm7RK3kj4FlSnpAimqDacj/8dkQSQaUhHLRulr3YBCkowwinWcFPNI2B9KFLm5ZKEFQH6Shjhves0sadSNlnDx6pvzdSEFoPRGgnh1n0tDcU//OaiemcBCmTcWKoJOOPOgnHJsLDwnCbKUoMH1gCRDF7KyY9UECMrbVgSyhPR54ltcPSacm7PipWzidt5NEO2kX7qIyOUQVdoSqqIYIe0TN6RW/Ok/PivDuf49GcM9nZRn/gfP8A+W2lWA==</latexit><latexit sha1_base64="mwnXLf14FwWLbheZeuIKYIjwu40=">AAACInicbVDLSgMxFM3UV62vUZdugkVwIWUqgo9VURcuK1pb6IzlTpq2oUlmSDJCGeZf3Pgrblz4Wgl+jOljoa0HAodz7iX3nDDmTBvP+3Jyc/MLi0v55cLK6tr6hru5daejRBFaIxGPVCMETTmTtGaY4bQRKwoi5LQe9i+Gfv2BKs0ieWsGMQ0EdCXrMALGSi33DPtMGuwLMD0CPL3M/C4IAa3UF4kvk8w/wPQ+ZTfNKT3IWm7RK3kj4FlSnpAimqDacj/8dkQSQaUhHLRulr3YBCkowwinWcFPNI2B9KFLm5ZKEFQH6Shjhves0sadSNlnDx6pvzdSEFoPRGgnh1n0tDcU//OaiemcBCmTcWKoJOOPOgnHJsLDwnCbKUoMH1gCRDF7KyY9UECMrbVgSyhPR54ltcPSacm7PipWzidt5NEO2kX7qIyOUQVdoSqqIYIe0TN6RW/Ok/PivDuf49GcM9nZRn/gfP8A+W2lWA==</latexit><latexit sha1_base64="mwnXLf14FwWLbheZeuIKYIjwu40=">AAACInicbVDLSgMxFM3UV62vUZdugkVwIWUqgo9VURcuK1pb6IzlTpq2oUlmSDJCGeZf3Pgrblz4Wgl+jOljoa0HAodz7iX3nDDmTBvP+3Jyc/MLi0v55cLK6tr6hru5daejRBFaIxGPVCMETTmTtGaY4bQRKwoi5LQe9i+Gfv2BKs0ieWsGMQ0EdCXrMALGSi33DPtMGuwLMD0CPL3M/C4IAa3UF4kvk8w/wPQ+ZTfNKT3IWm7RK3kj4FlSnpAimqDacj/8dkQSQaUhHLRulr3YBCkowwinWcFPNI2B9KFLm5ZKEFQH6Shjhves0sadSNlnDx6pvzdSEFoPRGgnh1n0tDcU//OaiemcBCmTcWKoJOOPOgnHJsLDwnCbKUoMH1gCRDF7KyY9UECMrbVgSyhPR54ltcPSacm7PipWzidt5NEO2kX7qIyOUQVdoSqqIYIe0TN6RW/Ok/PivDuf49GcM9nZRn/gfP8A+W2lWA==</latexit>



The continuum limit from local coarse graining

local coarse graining: 
requires (auxiliary) background
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<latexit sha1_base64="yfI/JPYMrhv+TLs7DQqakSaIOSk="></latexit><latexit sha1_base64="yfI/JPYMrhv+TLs7DQqakSaIOSk="></latexit><latexit sha1_base64="yfI/JPYMrhv+TLs7DQqakSaIOSk="></latexit>
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<latexit sha1_base64="psNHVWfiMrQ2aQT9RENDB7Bi2aQ=">AAACLXicbVDLSgMxFM3Ud31VXboJFsGFlqkI6k58gEtFawvNWO6kaRuaZIYko5RhvsiNv6ILwQdu/Q3T2oW2HggczrmX3HPCWHBjff/Vy01MTk3PzM7l5xcWl5YLK6s3Jko0ZRUaiUjXQjBMcMUqllvBarFmIEPBqmH3pO9X75g2PFLXthezQEJb8RanYJ3UKJwRzdsdC1pH95hwZTGRYDsURHqakTZICY2UyISoJCPbmN2mO1f1ET3IGoWiX/IHwOOkPCRFNMRFo/BMmhFNJFOWCjCmXvZjG6SgLaeCZXmSGBYD7UKb1R1VIJkJ0kHcDG86pYlbkXbPHTxQf2+kII3pydBN9rOYUa8v/ufVE9s6CFKu4sQyRX8+aiUC2wj3u8NNrhm1oucIUM3drZh2QAO1ruG8K6E8GnmcVHZLhyX/cq94dDxsYxatow20hcpoHx2hc3SBKoiiB/SE3tC79+i9eB/e589ozhvurKE/8L6+AWCqqi8=</latexit><latexit sha1_base64="psNHVWfiMrQ2aQT9RENDB7Bi2aQ=">AAACLXicbVDLSgMxFM3Ud31VXboJFsGFlqkI6k58gEtFawvNWO6kaRuaZIYko5RhvsiNv6ILwQdu/Q3T2oW2HggczrmX3HPCWHBjff/Vy01MTk3PzM7l5xcWl5YLK6s3Jko0ZRUaiUjXQjBMcMUqllvBarFmIEPBqmH3pO9X75g2PFLXthezQEJb8RanYJ3UKJwRzdsdC1pH95hwZTGRYDsURHqakTZICY2UyISoJCPbmN2mO1f1ET3IGoWiX/IHwOOkPCRFNMRFo/BMmhFNJFOWCjCmXvZjG6SgLaeCZXmSGBYD7UKb1R1VIJkJ0kHcDG86pYlbkXbPHTxQf2+kII3pydBN9rOYUa8v/ufVE9s6CFKu4sQyRX8+aiUC2wj3u8NNrhm1oucIUM3drZh2QAO1ruG8K6E8GnmcVHZLhyX/cq94dDxsYxatow20hcpoHx2hc3SBKoiiB/SE3tC79+i9eB/e589ozhvurKE/8L6+AWCqqi8=</latexit><latexit sha1_base64="psNHVWfiMrQ2aQT9RENDB7Bi2aQ=">AAACLXicbVDLSgMxFM3Ud31VXboJFsGFlqkI6k58gEtFawvNWO6kaRuaZIYko5RhvsiNv6ILwQdu/Q3T2oW2HggczrmX3HPCWHBjff/Vy01MTk3PzM7l5xcWl5YLK6s3Jko0ZRUaiUjXQjBMcMUqllvBarFmIEPBqmH3pO9X75g2PFLXthezQEJb8RanYJ3UKJwRzdsdC1pH95hwZTGRYDsURHqakTZICY2UyISoJCPbmN2mO1f1ET3IGoWiX/IHwOOkPCRFNMRFo/BMmhFNJFOWCjCmXvZjG6SgLaeCZXmSGBYD7UKb1R1VIJkJ0kHcDG86pYlbkXbPHTxQf2+kII3pydBN9rOYUa8v/ufVE9s6CFKu4sQyRX8+aiUC2wj3u8NNrhm1oucIUM3drZh2QAO1ruG8K6E8GnmcVHZLhyX/cq94dDxsYxatow20hcpoHx2hc3SBKoiiB/SE3tC79+i9eB/e589ozhvurKE/8L6+AWCqqi8=</latexit>
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<latexit sha1_base64="mwnXLf14FwWLbheZeuIKYIjwu40=">AAACInicbVDLSgMxFM3UV62vUZdugkVwIWUqgo9VURcuK1pb6IzlTpq2oUlmSDJCGeZf3Pgrblz4Wgl+jOljoa0HAodz7iX3nDDmTBvP+3Jyc/MLi0v55cLK6tr6hru5daejRBFaIxGPVCMETTmTtGaY4bQRKwoi5LQe9i+Gfv2BKs0ieWsGMQ0EdCXrMALGSi33DPtMGuwLMD0CPL3M/C4IAa3UF4kvk8w/wPQ+ZTfNKT3IWm7RK3kj4FlSnpAimqDacj/8dkQSQaUhHLRulr3YBCkowwinWcFPNI2B9KFLm5ZKEFQH6Shjhves0sadSNlnDx6pvzdSEFoPRGgnh1n0tDcU//OaiemcBCmTcWKoJOOPOgnHJsLDwnCbKUoMH1gCRDF7KyY9UECMrbVgSyhPR54ltcPSacm7PipWzidt5NEO2kX7qIyOUQVdoSqqIYIe0TN6RW/Ok/PivDuf49GcM9nZRn/gfP8A+W2lWA==</latexit><latexit sha1_base64="mwnXLf14FwWLbheZeuIKYIjwu40=">AAACInicbVDLSgMxFM3UV62vUZdugkVwIWUqgo9VURcuK1pb6IzlTpq2oUlmSDJCGeZf3Pgrblz4Wgl+jOljoa0HAodz7iX3nDDmTBvP+3Jyc/MLi0v55cLK6tr6hru5daejRBFaIxGPVCMETTmTtGaY4bQRKwoi5LQe9i+Gfv2BKs0ieWsGMQ0EdCXrMALGSi33DPtMGuwLMD0CPL3M/C4IAa3UF4kvk8w/wPQ+ZTfNKT3IWm7RK3kj4FlSnpAimqDacj/8dkQSQaUhHLRulr3YBCkowwinWcFPNI2B9KFLm5ZKEFQH6Shjhves0sadSNlnDx6pvzdSEFoPRGgnh1n0tDcU//OaiemcBCmTcWKoJOOPOgnHJsLDwnCbKUoMH1gCRDF7KyY9UECMrbVgSyhPR54ltcPSacm7PipWzidt5NEO2kX7qIyOUQVdoSqqIYIe0TN6RW/Ok/PivDuf49GcM9nZRn/gfP8A+W2lWA==</latexit><latexit sha1_base64="mwnXLf14FwWLbheZeuIKYIjwu40=">AAACInicbVDLSgMxFM3UV62vUZdugkVwIWUqgo9VURcuK1pb6IzlTpq2oUlmSDJCGeZf3Pgrblz4Wgl+jOljoa0HAodz7iX3nDDmTBvP+3Jyc/MLi0v55cLK6tr6hru5daejRBFaIxGPVCMETTmTtGaY4bQRKwoi5LQe9i+Gfv2BKs0ieWsGMQ0EdCXrMALGSi33DPtMGuwLMD0CPL3M/C4IAa3UF4kvk8w/wPQ+ZTfNKT3IWm7RK3kj4FlSnpAimqDacj/8dkQSQaUhHLRulr3YBCkowwinWcFPNI2B9KFLm5ZKEFQH6Shjhves0sadSNlnDx6pvzdSEFoPRGgnh1n0tDcU//OaiemcBCmTcWKoJOOPOgnHJsLDwnCbKUoMH1gCRDF7KyY9UECMrbVgSyhPR54ltcPSacm7PipWzidt5NEO2kX7qIyOUQVdoSqqIYIe0TN6RW/Ok/PivDuf49GcM9nZRn/gfP8A+W2lWA==</latexit>

quadratic suppression term

0 2 4 6 8 10
0.0

0.5

1.0

1.5

2.0

2.5

3.0

p2

k2

Rk
<latexit sha1_base64="Ja6tgt0PX1L001u6QjtRfYEe6bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx7rR2yhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDVh8MPN6bYWZemAqujet+OaWl5ZXVtfJ6ZWNza3unurv3oJNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0NfVbj6g0T+S9GacYxHQgecQZNVa6u+2NetWaW3dnIH+JV5AaFGj2qp/dfsKyGKVhgmrd8dzUBDlVhjOBk0o305hSNqID7FgqaYw6yGenTsiRVfokSpQtachM/TmR01jrcRzazpiaoV70puJ/Xicz0XmQc5lmBiWbL4oyQUxCpn+TPlfIjBhbQpni9lbChlRRZmw6FRuCt/jyX+Kf1C/q7s1prXFZpFGGAziEY/DgDBpwDU3wgcEAnuAFXh3hPDtvzvu8teQUM/vwC87HN5cTjYc=</latexit><latexit sha1_base64="Ja6tgt0PX1L001u6QjtRfYEe6bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx7rR2yhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDVh8MPN6bYWZemAqujet+OaWl5ZXVtfJ6ZWNza3unurv3oJNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0NfVbj6g0T+S9GacYxHQgecQZNVa6u+2NetWaW3dnIH+JV5AaFGj2qp/dfsKyGKVhgmrd8dzUBDlVhjOBk0o305hSNqID7FgqaYw6yGenTsiRVfokSpQtachM/TmR01jrcRzazpiaoV70puJ/Xicz0XmQc5lmBiWbL4oyQUxCpn+TPlfIjBhbQpni9lbChlRRZmw6FRuCt/jyX+Kf1C/q7s1prXFZpFGGAziEY/DgDBpwDU3wgcEAnuAFXh3hPDtvzvu8teQUM/vwC87HN5cTjYc=</latexit><latexit sha1_base64="Ja6tgt0PX1L001u6QjtRfYEe6bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx7rR2yhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDVh8MPN6bYWZemAqujet+OaWl5ZXVtfJ6ZWNza3unurv3oJNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0NfVbj6g0T+S9GacYxHQgecQZNVa6u+2NetWaW3dnIH+JV5AaFGj2qp/dfsKyGKVhgmrd8dzUBDlVhjOBk0o305hSNqID7FgqaYw6yGenTsiRVfokSpQtachM/TmR01jrcRzazpiaoV70puJ/Xicz0XmQc5lmBiWbL4oyQUxCpn+TPlfIjBhbQpni9lbChlRRZmw6FRuCt/jyX+Kf1C/q7s1prXFZpFGGAziEY/DgDBpwDU3wgcEAnuAFXh3hPDtvzvu8teQUM/vwC87HN5cTjYc=</latexit>

p3 @k Rk
<latexit sha1_base64="gPl+W7wWtcaDc8zLSNCaNwDFdSQ=">AAAB/nicbVC7TsMwFHXKq5RXAImFxaJCYkBVAkjAVsHCWBChlZoQOa7TWnESy3aQqtCBX2FhAMTKd7DxNzhtBmg5kqXjc+69vj4BZ1Qqy/o2KnPzC4tL1eXayura+oa5uXUn00xg4uCUpaITIEkYTYijqGKkwwVBccBIO4guC7/9QISkaXKrhpx4MeonNKQYKS355g6/P3YPocuRUBQxP9KXGz/yzbrVsMaAs8QuSR2UaPnml9tLcRaTRGGGpOzaFldeXkzFjIxqbiYJRzhCfdLVNEExkV4+3n8E97XSg2Eq9EkUHKu/O3IUSzmMA10ZIzWQ014h/ud1MxWeeTlNeKZIgicPhRmDKoVFGLBHBcGKDTVBWFC9K8QDJBBWOrKaDsGe/vIscY4a5w3r+qTevCjTqIJdsAcOgA1OQRNcgRZwAAaP4Bm8gjfjyXgx3o2PSWnFKHu2wR8Ynz/FQJTa</latexit><latexit sha1_base64="gPl+W7wWtcaDc8zLSNCaNwDFdSQ=">AAAB/nicbVC7TsMwFHXKq5RXAImFxaJCYkBVAkjAVsHCWBChlZoQOa7TWnESy3aQqtCBX2FhAMTKd7DxNzhtBmg5kqXjc+69vj4BZ1Qqy/o2KnPzC4tL1eXayura+oa5uXUn00xg4uCUpaITIEkYTYijqGKkwwVBccBIO4guC7/9QISkaXKrhpx4MeonNKQYKS355g6/P3YPocuRUBQxP9KXGz/yzbrVsMaAs8QuSR2UaPnml9tLcRaTRGGGpOzaFldeXkzFjIxqbiYJRzhCfdLVNEExkV4+3n8E97XSg2Eq9EkUHKu/O3IUSzmMA10ZIzWQ014h/ud1MxWeeTlNeKZIgicPhRmDKoVFGLBHBcGKDTVBWFC9K8QDJBBWOrKaDsGe/vIscY4a5w3r+qTevCjTqIJdsAcOgA1OQRNcgRZwAAaP4Bm8gjfjyXgx3o2PSWnFKHu2wR8Ynz/FQJTa</latexit><latexit sha1_base64="gPl+W7wWtcaDc8zLSNCaNwDFdSQ=">AAAB/nicbVC7TsMwFHXKq5RXAImFxaJCYkBVAkjAVsHCWBChlZoQOa7TWnESy3aQqtCBX2FhAMTKd7DxNzhtBmg5kqXjc+69vj4BZ1Qqy/o2KnPzC4tL1eXayura+oa5uXUn00xg4uCUpaITIEkYTYijqGKkwwVBccBIO4guC7/9QISkaXKrhpx4MeonNKQYKS355g6/P3YPocuRUBQxP9KXGz/yzbrVsMaAs8QuSR2UaPnml9tLcRaTRGGGpOzaFldeXkzFjIxqbiYJRzhCfdLVNEExkV4+3n8E97XSg2Eq9EkUHKu/O3IUSzmMA10ZIzWQ014h/ud1MxWeeTlNeKZIgicPhRmDKoVFGLBHBcGKDTVBWFC9K8QDJBBWOrKaDsGe/vIscY4a5w3r+qTevCjTqIJdsAcOgA1OQRNcgRZwAAaP4Bm8gjfjyXgx3o2PSWnFKHu2wR8Ynz/FQJTa</latexit>

(x)
<latexit sha1_base64="FfmMNV2FafXXPU6DEI6sXw9Siz0=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLUS0lFUG9FLx4rGltoQ9lsJ+3SzSbsbsQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/naXlldW19cJGcXNre2e3tLf/oONUMfRYLGLVCqhGwSV6hhuBrUQhjQKBzWB4PfGbj6g0j+W9GSXoR7QvecgZNVa6qzyddEtlt+pOQRZJLSdlyNHolr46vZilEUrDBNW6XXMT42dUGc4EjoudVGNC2ZD2sW2ppBFqP5ueOibHVumRMFa2pCFT9fdERiOtR1FgOyNqBnrem4j/ee3UhBd+xmWSGpRstihMBTExmfxNelwhM2JkCWWK21sJG1BFmbHpFG0ItfmXF4l3Wr2surdn5fpVnkYBDuEIKlCDc6jDDTTAAwZ9eIZXeHOE8+K8Ox+z1iUnnzmAP3A+fwAZX400</latexit><latexit sha1_base64="FfmMNV2FafXXPU6DEI6sXw9Siz0=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLUS0lFUG9FLx4rGltoQ9lsJ+3SzSbsbsQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/naXlldW19cJGcXNre2e3tLf/oONUMfRYLGLVCqhGwSV6hhuBrUQhjQKBzWB4PfGbj6g0j+W9GSXoR7QvecgZNVa6qzyddEtlt+pOQRZJLSdlyNHolr46vZilEUrDBNW6XXMT42dUGc4EjoudVGNC2ZD2sW2ppBFqP5ueOibHVumRMFa2pCFT9fdERiOtR1FgOyNqBnrem4j/ee3UhBd+xmWSGpRstihMBTExmfxNelwhM2JkCWWK21sJG1BFmbHpFG0ItfmXF4l3Wr2surdn5fpVnkYBDuEIKlCDc6jDDTTAAwZ9eIZXeHOE8+K8Ox+z1iUnnzmAP3A+fwAZX400</latexit><latexit sha1_base64="FfmMNV2FafXXPU6DEI6sXw9Siz0=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLUS0lFUG9FLx4rGltoQ9lsJ+3SzSbsbsQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/naXlldW19cJGcXNre2e3tLf/oONUMfRYLGLVCqhGwSV6hhuBrUQhjQKBzWB4PfGbj6g0j+W9GSXoR7QvecgZNVa6qzyddEtlt+pOQRZJLSdlyNHolr46vZilEUrDBNW6XXMT42dUGc4EjoudVGNC2ZD2sW2ppBFqP5ueOibHVumRMFa2pCFT9fdERiOtR1FgOyNqBnrem4j/ee3UhBd+xmWSGpRstihMBTExmfxNelwhM2JkCWWK21sJG1BFmbHpFG0ItfmXF4l3Wr2surdn5fpVnkYBDuEIKlCDc6jDDTTAAwZ9eIZXeHOE8+K8Ox+z1iUnnzmAP3A+fwAZX400</latexit>



The continuum limit from local coarse graining

local coarse graining: 
requires (auxiliary) background
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<latexit sha1_base64="yfI/JPYMrhv+TLs7DQqakSaIOSk="></latexit><latexit sha1_base64="yfI/JPYMrhv+TLs7DQqakSaIOSk="></latexit><latexit sha1_base64="yfI/JPYMrhv+TLs7DQqakSaIOSk="></latexit>
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<latexit sha1_base64="fjNYs3kiDy6wjz++PRhTFfyDTgQ="></latexit><latexit sha1_base64="fjNYs3kiDy6wjz++PRhTFfyDTgQ="></latexit><latexit sha1_base64="fjNYs3kiDy6wjz++PRhTFfyDTgQ="></latexit>
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<latexit sha1_base64="psNHVWfiMrQ2aQT9RENDB7Bi2aQ=">AAACLXicbVDLSgMxFM3Ud31VXboJFsGFlqkI6k58gEtFawvNWO6kaRuaZIYko5RhvsiNv6ILwQdu/Q3T2oW2HggczrmX3HPCWHBjff/Vy01MTk3PzM7l5xcWl5YLK6s3Jko0ZRUaiUjXQjBMcMUqllvBarFmIEPBqmH3pO9X75g2PFLXthezQEJb8RanYJ3UKJwRzdsdC1pH95hwZTGRYDsURHqakTZICY2UyISoJCPbmN2mO1f1ET3IGoWiX/IHwOOkPCRFNMRFo/BMmhFNJFOWCjCmXvZjG6SgLaeCZXmSGBYD7UKb1R1VIJkJ0kHcDG86pYlbkXbPHTxQf2+kII3pydBN9rOYUa8v/ufVE9s6CFKu4sQyRX8+aiUC2wj3u8NNrhm1oucIUM3drZh2QAO1ruG8K6E8GnmcVHZLhyX/cq94dDxsYxatow20hcpoHx2hc3SBKoiiB/SE3tC79+i9eB/e589ozhvurKE/8L6+AWCqqi8=</latexit><latexit sha1_base64="psNHVWfiMrQ2aQT9RENDB7Bi2aQ=">AAACLXicbVDLSgMxFM3Ud31VXboJFsGFlqkI6k58gEtFawvNWO6kaRuaZIYko5RhvsiNv6ILwQdu/Q3T2oW2HggczrmX3HPCWHBjff/Vy01MTk3PzM7l5xcWl5YLK6s3Jko0ZRUaiUjXQjBMcMUqllvBarFmIEPBqmH3pO9X75g2PFLXthezQEJb8RanYJ3UKJwRzdsdC1pH95hwZTGRYDsURHqakTZICY2UyISoJCPbmN2mO1f1ET3IGoWiX/IHwOOkPCRFNMRFo/BMmhFNJFOWCjCmXvZjG6SgLaeCZXmSGBYD7UKb1R1VIJkJ0kHcDG86pYlbkXbPHTxQf2+kII3pydBN9rOYUa8v/ufVE9s6CFKu4sQyRX8+aiUC2wj3u8NNrhm1oucIUM3drZh2QAO1ruG8K6E8GnmcVHZLhyX/cq94dDxsYxatow20hcpoHx2hc3SBKoiiB/SE3tC79+i9eB/e589ozhvurKE/8L6+AWCqqi8=</latexit><latexit sha1_base64="psNHVWfiMrQ2aQT9RENDB7Bi2aQ=">AAACLXicbVDLSgMxFM3Ud31VXboJFsGFlqkI6k58gEtFawvNWO6kaRuaZIYko5RhvsiNv6ILwQdu/Q3T2oW2HggczrmX3HPCWHBjff/Vy01MTk3PzM7l5xcWl5YLK6s3Jko0ZRUaiUjXQjBMcMUqllvBarFmIEPBqmH3pO9X75g2PFLXthezQEJb8RanYJ3UKJwRzdsdC1pH95hwZTGRYDsURHqakTZICY2UyISoJCPbmN2mO1f1ET3IGoWiX/IHwOOkPCRFNMRFo/BMmhFNJFOWCjCmXvZjG6SgLaeCZXmSGBYD7UKb1R1VIJkJ0kHcDG86pYlbkXbPHTxQf2+kII3pydBN9rOYUa8v/ufVE9s6CFKu4sQyRX8+aiUC2wj3u8NNrhm1oucIUM3drZh2QAO1ruG8K6E8GnmcVHZLhyX/cq94dDxsYxatow20hcpoHx2hc3SBKoiiB/SE3tC79+i9eB/e589ozhvurKE/8L6+AWCqqi8=</latexit>
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<latexit sha1_base64="mwnXLf14FwWLbheZeuIKYIjwu40=">AAACInicbVDLSgMxFM3UV62vUZdugkVwIWUqgo9VURcuK1pb6IzlTpq2oUlmSDJCGeZf3Pgrblz4Wgl+jOljoa0HAodz7iX3nDDmTBvP+3Jyc/MLi0v55cLK6tr6hru5daejRBFaIxGPVCMETTmTtGaY4bQRKwoi5LQe9i+Gfv2BKs0ieWsGMQ0EdCXrMALGSi33DPtMGuwLMD0CPL3M/C4IAa3UF4kvk8w/wPQ+ZTfNKT3IWm7RK3kj4FlSnpAimqDacj/8dkQSQaUhHLRulr3YBCkowwinWcFPNI2B9KFLm5ZKEFQH6Shjhves0sadSNlnDx6pvzdSEFoPRGgnh1n0tDcU//OaiemcBCmTcWKoJOOPOgnHJsLDwnCbKUoMH1gCRDF7KyY9UECMrbVgSyhPR54ltcPSacm7PipWzidt5NEO2kX7qIyOUQVdoSqqIYIe0TN6RW/Ok/PivDuf49GcM9nZRn/gfP8A+W2lWA==</latexit><latexit sha1_base64="mwnXLf14FwWLbheZeuIKYIjwu40=">AAACInicbVDLSgMxFM3UV62vUZdugkVwIWUqgo9VURcuK1pb6IzlTpq2oUlmSDJCGeZf3Pgrblz4Wgl+jOljoa0HAodz7iX3nDDmTBvP+3Jyc/MLi0v55cLK6tr6hru5daejRBFaIxGPVCMETTmTtGaY4bQRKwoi5LQe9i+Gfv2BKs0ieWsGMQ0EdCXrMALGSi33DPtMGuwLMD0CPL3M/C4IAa3UF4kvk8w/wPQ+ZTfNKT3IWm7RK3kj4FlSnpAimqDacj/8dkQSQaUhHLRulr3YBCkowwinWcFPNI2B9KFLm5ZKEFQH6Shjhves0sadSNlnDx6pvzdSEFoPRGgnh1n0tDcU//OaiemcBCmTcWKoJOOPOgnHJsLDwnCbKUoMH1gCRDF7KyY9UECMrbVgSyhPR54ltcPSacm7PipWzidt5NEO2kX7qIyOUQVdoSqqIYIe0TN6RW/Ok/PivDuf49GcM9nZRn/gfP8A+W2lWA==</latexit><latexit sha1_base64="mwnXLf14FwWLbheZeuIKYIjwu40=">AAACInicbVDLSgMxFM3UV62vUZdugkVwIWUqgo9VURcuK1pb6IzlTpq2oUlmSDJCGeZf3Pgrblz4Wgl+jOljoa0HAodz7iX3nDDmTBvP+3Jyc/MLi0v55cLK6tr6hru5daejRBFaIxGPVCMETTmTtGaY4bQRKwoi5LQe9i+Gfv2BKs0ieWsGMQ0EdCXrMALGSi33DPtMGuwLMD0CPL3M/C4IAa3UF4kvk8w/wPQ+ZTfNKT3IWm7RK3kj4FlSnpAimqDacj/8dkQSQaUhHLRulr3YBCkowwinWcFPNI2B9KFLm5ZKEFQH6Shjhves0sadSNlnDx6pvzdSEFoPRGgnh1n0tDcU//OaiemcBCmTcWKoJOOPOgnHJsLDwnCbKUoMH1gCRDF7KyY9UECMrbVgSyhPR54ltcPSacm7PipWzidt5NEO2kX7qIyOUQVdoSqqIYIe0TN6RW/Ok/PivDuf49GcM9nZRn/gfP8A+W2lWA==</latexit>

quadratic suppression term
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<latexit sha1_base64="TfaC7HxD0mS30sZjKk4KT6Owp1M="></latexit><latexit sha1_base64="TfaC7HxD0mS30sZjKk4KT6Owp1M="></latexit><latexit sha1_base64="TfaC7HxD0mS30sZjKk4KT6Owp1M="></latexit>
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<latexit sha1_base64="fZt4I0SioENIp+q4xO84AbyBzdE="></latexit><latexit sha1_base64="fZt4I0SioENIp+q4xO84AbyBzdE="></latexit><latexit sha1_base64="fZt4I0SioENIp+q4xO84AbyBzdE="></latexit>

Rk
<latexit sha1_base64="Ja6tgt0PX1L001u6QjtRfYEe6bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx7rR2yhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDVh8MPN6bYWZemAqujet+OaWl5ZXVtfJ6ZWNza3unurv3oJNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0NfVbj6g0T+S9GacYxHQgecQZNVa6u+2NetWaW3dnIH+JV5AaFGj2qp/dfsKyGKVhgmrd8dzUBDlVhjOBk0o305hSNqID7FgqaYw6yGenTsiRVfokSpQtachM/TmR01jrcRzazpiaoV70puJ/Xicz0XmQc5lmBiWbL4oyQUxCpn+TPlfIjBhbQpni9lbChlRRZmw6FRuCt/jyX+Kf1C/q7s1prXFZpFGGAziEY/DgDBpwDU3wgcEAnuAFXh3hPDtvzvu8teQUM/vwC87HN5cTjYc=</latexit><latexit sha1_base64="Ja6tgt0PX1L001u6QjtRfYEe6bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx7rR2yhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDVh8MPN6bYWZemAqujet+OaWl5ZXVtfJ6ZWNza3unurv3oJNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0NfVbj6g0T+S9GacYxHQgecQZNVa6u+2NetWaW3dnIH+JV5AaFGj2qp/dfsKyGKVhgmrd8dzUBDlVhjOBk0o305hSNqID7FgqaYw6yGenTsiRVfokSpQtachM/TmR01jrcRzazpiaoV70puJ/Xicz0XmQc5lmBiWbL4oyQUxCpn+TPlfIjBhbQpni9lbChlRRZmw6FRuCt/jyX+Kf1C/q7s1prXFZpFGGAziEY/DgDBpwDU3wgcEAnuAFXh3hPDtvzvu8teQUM/vwC87HN5cTjYc=</latexit><latexit sha1_base64="Ja6tgt0PX1L001u6QjtRfYEe6bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx7rR2yhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDVh8MPN6bYWZemAqujet+OaWl5ZXVtfJ6ZWNza3unurv3oJNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0NfVbj6g0T+S9GacYxHQgecQZNVa6u+2NetWaW3dnIH+JV5AaFGj2qp/dfsKyGKVhgmrd8dzUBDlVhjOBk0o305hSNqID7FgqaYw6yGenTsiRVfokSpQtachM/TmR01jrcRzazpiaoV70puJ/Xicz0XmQc5lmBiWbL4oyQUxCpn+TPlfIjBhbQpni9lbChlRRZmw6FRuCt/jyX+Kf1C/q7s1prXFZpFGGAziEY/DgDBpwDU3wgcEAnuAFXh3hPDtvzvu8teQUM/vwC87HN5cTjYc=</latexit>

p3 @k Rk
<latexit sha1_base64="gPl+W7wWtcaDc8zLSNCaNwDFdSQ=">AAAB/nicbVC7TsMwFHXKq5RXAImFxaJCYkBVAkjAVsHCWBChlZoQOa7TWnESy3aQqtCBX2FhAMTKd7DxNzhtBmg5kqXjc+69vj4BZ1Qqy/o2KnPzC4tL1eXayura+oa5uXUn00xg4uCUpaITIEkYTYijqGKkwwVBccBIO4guC7/9QISkaXKrhpx4MeonNKQYKS355g6/P3YPocuRUBQxP9KXGz/yzbrVsMaAs8QuSR2UaPnml9tLcRaTRGGGpOzaFldeXkzFjIxqbiYJRzhCfdLVNEExkV4+3n8E97XSg2Eq9EkUHKu/O3IUSzmMA10ZIzWQ014h/ud1MxWeeTlNeKZIgicPhRmDKoVFGLBHBcGKDTVBWFC9K8QDJBBWOrKaDsGe/vIscY4a5w3r+qTevCjTqIJdsAcOgA1OQRNcgRZwAAaP4Bm8gjfjyXgx3o2PSWnFKHu2wR8Ynz/FQJTa</latexit><latexit sha1_base64="gPl+W7wWtcaDc8zLSNCaNwDFdSQ=">AAAB/nicbVC7TsMwFHXKq5RXAImFxaJCYkBVAkjAVsHCWBChlZoQOa7TWnESy3aQqtCBX2FhAMTKd7DxNzhtBmg5kqXjc+69vj4BZ1Qqy/o2KnPzC4tL1eXayura+oa5uXUn00xg4uCUpaITIEkYTYijqGKkwwVBccBIO4guC7/9QISkaXKrhpx4MeonNKQYKS355g6/P3YPocuRUBQxP9KXGz/yzbrVsMaAs8QuSR2UaPnml9tLcRaTRGGGpOzaFldeXkzFjIxqbiYJRzhCfdLVNEExkV4+3n8E97XSg2Eq9EkUHKu/O3IUSzmMA10ZIzWQ014h/ud1MxWeeTlNeKZIgicPhRmDKoVFGLBHBcGKDTVBWFC9K8QDJBBWOrKaDsGe/vIscY4a5w3r+qTevCjTqIJdsAcOgA1OQRNcgRZwAAaP4Bm8gjfjyXgx3o2PSWnFKHu2wR8Ynz/FQJTa</latexit><latexit sha1_base64="gPl+W7wWtcaDc8zLSNCaNwDFdSQ=">AAAB/nicbVC7TsMwFHXKq5RXAImFxaJCYkBVAkjAVsHCWBChlZoQOa7TWnESy3aQqtCBX2FhAMTKd7DxNzhtBmg5kqXjc+69vj4BZ1Qqy/o2KnPzC4tL1eXayura+oa5uXUn00xg4uCUpaITIEkYTYijqGKkwwVBccBIO4guC7/9QISkaXKrhpx4MeonNKQYKS355g6/P3YPocuRUBQxP9KXGz/yzbrVsMaAs8QuSR2UaPnml9tLcRaTRGGGpOzaFldeXkzFjIxqbiYJRzhCfdLVNEExkV4+3n8E97XSg2Eq9EkUHKu/O3IUSzmMA10ZIzWQ014h/ud1MxWeeTlNeKZIgicPhRmDKoVFGLBHBcGKDTVBWFC9K8QDJBBWOrKaDsGe/vIscY4a5w3r+qTevCjTqIJdsAcOgA1OQRNcgRZwAAaP4Bm8gjfjyXgx3o2PSWnFKHu2wR8Ynz/FQJTa</latexit>

(x)
<latexit sha1_base64="FfmMNV2FafXXPU6DEI6sXw9Siz0=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLUS0lFUG9FLx4rGltoQ9lsJ+3SzSbsbsQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/naXlldW19cJGcXNre2e3tLf/oONUMfRYLGLVCqhGwSV6hhuBrUQhjQKBzWB4PfGbj6g0j+W9GSXoR7QvecgZNVa6qzyddEtlt+pOQRZJLSdlyNHolr46vZilEUrDBNW6XXMT42dUGc4EjoudVGNC2ZD2sW2ppBFqP5ueOibHVumRMFa2pCFT9fdERiOtR1FgOyNqBnrem4j/ee3UhBd+xmWSGpRstihMBTExmfxNelwhM2JkCWWK21sJG1BFmbHpFG0ItfmXF4l3Wr2surdn5fpVnkYBDuEIKlCDc6jDDTTAAwZ9eIZXeHOE8+K8Ox+z1iUnnzmAP3A+fwAZX400</latexit><latexit sha1_base64="FfmMNV2FafXXPU6DEI6sXw9Siz0=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLUS0lFUG9FLx4rGltoQ9lsJ+3SzSbsbsQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/naXlldW19cJGcXNre2e3tLf/oONUMfRYLGLVCqhGwSV6hhuBrUQhjQKBzWB4PfGbj6g0j+W9GSXoR7QvecgZNVa6qzyddEtlt+pOQRZJLSdlyNHolr46vZilEUrDBNW6XXMT42dUGc4EjoudVGNC2ZD2sW2ppBFqP5ueOibHVumRMFa2pCFT9fdERiOtR1FgOyNqBnrem4j/ee3UhBd+xmWSGpRstihMBTExmfxNelwhM2JkCWWK21sJG1BFmbHpFG0ItfmXF4l3Wr2surdn5fpVnkYBDuEIKlCDc6jDDTTAAwZ9eIZXeHOE8+K8Ox+z1iUnnzmAP3A+fwAZX400</latexit><latexit sha1_base64="FfmMNV2FafXXPU6DEI6sXw9Siz0=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLUS0lFUG9FLx4rGltoQ9lsJ+3SzSbsbsQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/naXlldW19cJGcXNre2e3tLf/oONUMfRYLGLVCqhGwSV6hhuBrUQhjQKBzWB4PfGbj6g0j+W9GSXoR7QvecgZNVa6qzyddEtlt+pOQRZJLSdlyNHolr46vZilEUrDBNW6XXMT42dUGc4EjoudVGNC2ZD2sW2ppBFqP5ueOibHVumRMFa2pCFT9fdERiOtR1FgOyNqBnrem4j/ee3UhBd+xmWSGpRstihMBTExmfxNelwhM2JkCWWK21sJG1BFmbHpFG0ItfmXF4l3Wr2surdn5fpVnkYBDuEIKlCDc6jDDTTAAwZ9eIZXeHOE8+K8Ox+z1iUnnzmAP3A+fwAZX400</latexit>



The continuum limit from local coarse graining

local coarse graining: 
requires (auxiliary) background
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<latexit sha1_base64="yfI/JPYMrhv+TLs7DQqakSaIOSk="></latexit><latexit sha1_base64="yfI/JPYMrhv+TLs7DQqakSaIOSk="></latexit><latexit sha1_base64="yfI/JPYMrhv+TLs7DQqakSaIOSk="></latexit>
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<latexit sha1_base64="fjNYs3kiDy6wjz++PRhTFfyDTgQ="></latexit><latexit sha1_base64="fjNYs3kiDy6wjz++PRhTFfyDTgQ="></latexit><latexit sha1_base64="fjNYs3kiDy6wjz++PRhTFfyDTgQ="></latexit>
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Z

D�µ⌫ e
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<latexit sha1_base64="psNHVWfiMrQ2aQT9RENDB7Bi2aQ=">AAACLXicbVDLSgMxFM3Ud31VXboJFsGFlqkI6k58gEtFawvNWO6kaRuaZIYko5RhvsiNv6ILwQdu/Q3T2oW2HggczrmX3HPCWHBjff/Vy01MTk3PzM7l5xcWl5YLK6s3Jko0ZRUaiUjXQjBMcMUqllvBarFmIEPBqmH3pO9X75g2PFLXthezQEJb8RanYJ3UKJwRzdsdC1pH95hwZTGRYDsURHqakTZICY2UyISoJCPbmN2mO1f1ET3IGoWiX/IHwOOkPCRFNMRFo/BMmhFNJFOWCjCmXvZjG6SgLaeCZXmSGBYD7UKb1R1VIJkJ0kHcDG86pYlbkXbPHTxQf2+kII3pydBN9rOYUa8v/ufVE9s6CFKu4sQyRX8+aiUC2wj3u8NNrhm1oucIUM3drZh2QAO1ruG8K6E8GnmcVHZLhyX/cq94dDxsYxatow20hcpoHx2hc3SBKoiiB/SE3tC79+i9eB/e589ozhvurKE/8L6+AWCqqi8=</latexit><latexit sha1_base64="psNHVWfiMrQ2aQT9RENDB7Bi2aQ=">AAACLXicbVDLSgMxFM3Ud31VXboJFsGFlqkI6k58gEtFawvNWO6kaRuaZIYko5RhvsiNv6ILwQdu/Q3T2oW2HggczrmX3HPCWHBjff/Vy01MTk3PzM7l5xcWl5YLK6s3Jko0ZRUaiUjXQjBMcMUqllvBarFmIEPBqmH3pO9X75g2PFLXthezQEJb8RanYJ3UKJwRzdsdC1pH95hwZTGRYDsURHqakTZICY2UyISoJCPbmN2mO1f1ET3IGoWiX/IHwOOkPCRFNMRFo/BMmhFNJFOWCjCmXvZjG6SgLaeCZXmSGBYD7UKb1R1VIJkJ0kHcDG86pYlbkXbPHTxQf2+kII3pydBN9rOYUa8v/ufVE9s6CFKu4sQyRX8+aiUC2wj3u8NNrhm1oucIUM3drZh2QAO1ruG8K6E8GnmcVHZLhyX/cq94dDxsYxatow20hcpoHx2hc3SBKoiiB/SE3tC79+i9eB/e589ozhvurKE/8L6+AWCqqi8=</latexit><latexit sha1_base64="psNHVWfiMrQ2aQT9RENDB7Bi2aQ=">AAACLXicbVDLSgMxFM3Ud31VXboJFsGFlqkI6k58gEtFawvNWO6kaRuaZIYko5RhvsiNv6ILwQdu/Q3T2oW2HggczrmX3HPCWHBjff/Vy01MTk3PzM7l5xcWl5YLK6s3Jko0ZRUaiUjXQjBMcMUqllvBarFmIEPBqmH3pO9X75g2PFLXthezQEJb8RanYJ3UKJwRzdsdC1pH95hwZTGRYDsURHqakTZICY2UyISoJCPbmN2mO1f1ET3IGoWiX/IHwOOkPCRFNMRFo/BMmhFNJFOWCjCmXvZjG6SgLaeCZXmSGBYD7UKb1R1VIJkJ0kHcDG86pYlbkXbPHTxQf2+kII3pydBN9rOYUa8v/ufVE9s6CFKu4sQyRX8+aiUC2wj3u8NNrhm1oucIUM3drZh2QAO1ruG8K6E8GnmcVHZLhyX/cq94dDxsYxatow20hcpoHx2hc3SBKoiiB/SE3tC79+i9eB/e589ozhvurKE/8L6+AWCqqi8=</latexit>
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D�µ⌫ e

iS[�µ⌫ ]

<latexit sha1_base64="mwnXLf14FwWLbheZeuIKYIjwu40=">AAACInicbVDLSgMxFM3UV62vUZdugkVwIWUqgo9VURcuK1pb6IzlTpq2oUlmSDJCGeZf3Pgrblz4Wgl+jOljoa0HAodz7iX3nDDmTBvP+3Jyc/MLi0v55cLK6tr6hru5daejRBFaIxGPVCMETTmTtGaY4bQRKwoi5LQe9i+Gfv2BKs0ieWsGMQ0EdCXrMALGSi33DPtMGuwLMD0CPL3M/C4IAa3UF4kvk8w/wPQ+ZTfNKT3IWm7RK3kj4FlSnpAimqDacj/8dkQSQaUhHLRulr3YBCkowwinWcFPNI2B9KFLm5ZKEFQH6Shjhves0sadSNlnDx6pvzdSEFoPRGgnh1n0tDcU//OaiemcBCmTcWKoJOOPOgnHJsLDwnCbKUoMH1gCRDF7KyY9UECMrbVgSyhPR54ltcPSacm7PipWzidt5NEO2kX7qIyOUQVdoSqqIYIe0TN6RW/Ok/PivDuf49GcM9nZRn/gfP8A+W2lWA==</latexit><latexit sha1_base64="mwnXLf14FwWLbheZeuIKYIjwu40=">AAACInicbVDLSgMxFM3UV62vUZdugkVwIWUqgo9VURcuK1pb6IzlTpq2oUlmSDJCGeZf3Pgrblz4Wgl+jOljoa0HAodz7iX3nDDmTBvP+3Jyc/MLi0v55cLK6tr6hru5daejRBFaIxGPVCMETTmTtGaY4bQRKwoi5LQe9i+Gfv2BKs0ieWsGMQ0EdCXrMALGSi33DPtMGuwLMD0CPL3M/C4IAa3UF4kvk8w/wPQ+ZTfNKT3IWm7RK3kj4FlSnpAimqDacj/8dkQSQaUhHLRulr3YBCkowwinWcFPNI2B9KFLm5ZKEFQH6Shjhves0sadSNlnDx6pvzdSEFoPRGgnh1n0tDcU//OaiemcBCmTcWKoJOOPOgnHJsLDwnCbKUoMH1gCRDF7KyY9UECMrbVgSyhPR54ltcPSacm7PipWzidt5NEO2kX7qIyOUQVdoSqqIYIe0TN6RW/Ok/PivDuf49GcM9nZRn/gfP8A+W2lWA==</latexit><latexit sha1_base64="mwnXLf14FwWLbheZeuIKYIjwu40=">AAACInicbVDLSgMxFM3UV62vUZdugkVwIWUqgo9VURcuK1pb6IzlTpq2oUlmSDJCGeZf3Pgrblz4Wgl+jOljoa0HAodz7iX3nDDmTBvP+3Jyc/MLi0v55cLK6tr6hru5daejRBFaIxGPVCMETTmTtGaY4bQRKwoi5LQe9i+Gfv2BKs0ieWsGMQ0EdCXrMALGSi33DPtMGuwLMD0CPL3M/C4IAa3UF4kvk8w/wPQ+ZTfNKT3IWm7RK3kj4FlSnpAimqDacj/8dkQSQaUhHLRulr3YBCkowwinWcFPNI2B9KFLm5ZKEFQH6Shjhves0sadSNlnDx6pvzdSEFoPRGgnh1n0tDcU//OaiemcBCmTcWKoJOOPOgnHJsLDwnCbKUoMH1gCRDF7KyY9UECMrbVgSyhPR54ltcPSacm7PipWzidt5NEO2kX7qIyOUQVdoSqqIYIe0TN6RW/Ok/PivDuf49GcM9nZRn/gfP8A+W2lWA==</latexit>

quadratic suppression term

0 2 4 6 8 10
0.0

0.5

1.0

1.5

2.0

2.5

3.0

p2

k2

�k[gµ⌫ = h�µ⌫i, ḡµ⌫ ] = sup
J

(J · g � lnZk)
<latexit sha1_base64="TfaC7HxD0mS30sZjKk4KT6Owp1M="></latexit><latexit sha1_base64="TfaC7HxD0mS30sZjKk4KT6Owp1M="></latexit><latexit sha1_base64="TfaC7HxD0mS30sZjKk4KT6Owp1M="></latexit>
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k (�D̄2k2)g�

<latexit sha1_base64="fZt4I0SioENIp+q4xO84AbyBzdE="></latexit><latexit sha1_base64="fZt4I0SioENIp+q4xO84AbyBzdE="></latexit><latexit sha1_base64="fZt4I0SioENIp+q4xO84AbyBzdE="></latexit>
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<latexit sha1_base64="uJhV0LrJXxBfECL1uV09iFGUkNI="></latexit><latexit sha1_base64="uJhV0LrJXxBfECL1uV09iFGUkNI="></latexit><latexit sha1_base64="uJhV0LrJXxBfECL1uV09iFGUkNI="></latexit>

Rk
<latexit sha1_base64="Ja6tgt0PX1L001u6QjtRfYEe6bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx7rR2yhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDVh8MPN6bYWZemAqujet+OaWl5ZXVtfJ6ZWNza3unurv3oJNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0NfVbj6g0T+S9GacYxHQgecQZNVa6u+2NetWaW3dnIH+JV5AaFGj2qp/dfsKyGKVhgmrd8dzUBDlVhjOBk0o305hSNqID7FgqaYw6yGenTsiRVfokSpQtachM/TmR01jrcRzazpiaoV70puJ/Xicz0XmQc5lmBiWbL4oyQUxCpn+TPlfIjBhbQpni9lbChlRRZmw6FRuCt/jyX+Kf1C/q7s1prXFZpFGGAziEY/DgDBpwDU3wgcEAnuAFXh3hPDtvzvu8teQUM/vwC87HN5cTjYc=</latexit><latexit sha1_base64="Ja6tgt0PX1L001u6QjtRfYEe6bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx7rR2yhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDVh8MPN6bYWZemAqujet+OaWl5ZXVtfJ6ZWNza3unurv3oJNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0NfVbj6g0T+S9GacYxHQgecQZNVa6u+2NetWaW3dnIH+JV5AaFGj2qp/dfsKyGKVhgmrd8dzUBDlVhjOBk0o305hSNqID7FgqaYw6yGenTsiRVfokSpQtachM/TmR01jrcRzazpiaoV70puJ/Xicz0XmQc5lmBiWbL4oyQUxCpn+TPlfIjBhbQpni9lbChlRRZmw6FRuCt/jyX+Kf1C/q7s1prXFZpFGGAziEY/DgDBpwDU3wgcEAnuAFXh3hPDtvzvu8teQUM/vwC87HN5cTjYc=</latexit><latexit sha1_base64="Ja6tgt0PX1L001u6QjtRfYEe6bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx7rR2yhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDVh8MPN6bYWZemAqujet+OaWl5ZXVtfJ6ZWNza3unurv3oJNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0NfVbj6g0T+S9GacYxHQgecQZNVa6u+2NetWaW3dnIH+JV5AaFGj2qp/dfsKyGKVhgmrd8dzUBDlVhjOBk0o305hSNqID7FgqaYw6yGenTsiRVfokSpQtachM/TmR01jrcRzazpiaoV70puJ/Xicz0XmQc5lmBiWbL4oyQUxCpn+TPlfIjBhbQpni9lbChlRRZmw6FRuCt/jyX+Kf1C/q7s1prXFZpFGGAziEY/DgDBpwDU3wgcEAnuAFXh3hPDtvzvu8teQUM/vwC87HN5cTjYc=</latexit>

p3 @k Rk
<latexit sha1_base64="gPl+W7wWtcaDc8zLSNCaNwDFdSQ=">AAAB/nicbVC7TsMwFHXKq5RXAImFxaJCYkBVAkjAVsHCWBChlZoQOa7TWnESy3aQqtCBX2FhAMTKd7DxNzhtBmg5kqXjc+69vj4BZ1Qqy/o2KnPzC4tL1eXayura+oa5uXUn00xg4uCUpaITIEkYTYijqGKkwwVBccBIO4guC7/9QISkaXKrhpx4MeonNKQYKS355g6/P3YPocuRUBQxP9KXGz/yzbrVsMaAs8QuSR2UaPnml9tLcRaTRGGGpOzaFldeXkzFjIxqbiYJRzhCfdLVNEExkV4+3n8E97XSg2Eq9EkUHKu/O3IUSzmMA10ZIzWQ014h/ud1MxWeeTlNeKZIgicPhRmDKoVFGLBHBcGKDTVBWFC9K8QDJBBWOrKaDsGe/vIscY4a5w3r+qTevCjTqIJdsAcOgA1OQRNcgRZwAAaP4Bm8gjfjyXgx3o2PSWnFKHu2wR8Ynz/FQJTa</latexit><latexit sha1_base64="gPl+W7wWtcaDc8zLSNCaNwDFdSQ=">AAAB/nicbVC7TsMwFHXKq5RXAImFxaJCYkBVAkjAVsHCWBChlZoQOa7TWnESy3aQqtCBX2FhAMTKd7DxNzhtBmg5kqXjc+69vj4BZ1Qqy/o2KnPzC4tL1eXayura+oa5uXUn00xg4uCUpaITIEkYTYijqGKkwwVBccBIO4guC7/9QISkaXKrhpx4MeonNKQYKS355g6/P3YPocuRUBQxP9KXGz/yzbrVsMaAs8QuSR2UaPnml9tLcRaTRGGGpOzaFldeXkzFjIxqbiYJRzhCfdLVNEExkV4+3n8E97XSg2Eq9EkUHKu/O3IUSzmMA10ZIzWQ014h/ud1MxWeeTlNeKZIgicPhRmDKoVFGLBHBcGKDTVBWFC9K8QDJBBWOrKaDsGe/vIscY4a5w3r+qTevCjTqIJdsAcOgA1OQRNcgRZwAAaP4Bm8gjfjyXgx3o2PSWnFKHu2wR8Ynz/FQJTa</latexit><latexit sha1_base64="gPl+W7wWtcaDc8zLSNCaNwDFdSQ=">AAAB/nicbVC7TsMwFHXKq5RXAImFxaJCYkBVAkjAVsHCWBChlZoQOa7TWnESy3aQqtCBX2FhAMTKd7DxNzhtBmg5kqXjc+69vj4BZ1Qqy/o2KnPzC4tL1eXayura+oa5uXUn00xg4uCUpaITIEkYTYijqGKkwwVBccBIO4guC7/9QISkaXKrhpx4MeonNKQYKS355g6/P3YPocuRUBQxP9KXGz/yzbrVsMaAs8QuSR2UaPnml9tLcRaTRGGGpOzaFldeXkzFjIxqbiYJRzhCfdLVNEExkV4+3n8E97XSg2Eq9EkUHKu/O3IUSzmMA10ZIzWQ014h/ud1MxWeeTlNeKZIgicPhRmDKoVFGLBHBcGKDTVBWFC9K8QDJBBWOrKaDsGe/vIscY4a5w3r+qTevCjTqIJdsAcOgA1OQRNcgRZwAAaP4Bm8gjfjyXgx3o2PSWnFKHu2wR8Ynz/FQJTa</latexit>

change of effective dynamics at k  
driven by fluctuations at momenta k
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The continuum limit from local coarse graining

Compelling evidence for Reuter fixed point 
 (with and without matter) 
such that continuum limit can be taken
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classical gravity regime Planck scale quantum scale invariance

asymptotically safe regime

Fig 1: Illustration of zooming in on spacetime: Quantum fluctuations set in at the Planck scale. Beyond, a scale-invariant regime is realized. 
The corresponding Newton coupling, measured in units of the energy scale k, becomes asymptotically safe.
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can take continuum limit
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⇠<latexit sha1_base64="tjM4DvOknRi5Y3LmRC0enjHqtmQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kvuFyUG94TW8O/Jf4JWlAifag/tkfJjSTTFkqiDE930ttmBNtORVsVutnhqWETsiI9RxVRDIT5vNbZ/jEKUMcJ9qVsniu/pzIiTRmKiPXKYkdm2WvEP/zepmNL8OcqzSzTNHFojgT2Ca4eBwPuWbUiqkjhGrubsV0TDSh1sVTcyH4yy//JcFZ86rp3Z03WtdlGlU4gmM4BR8uoAW30IYAKIzhCV7gFUn0jN7Q+6K1gsqZQ/gF9PENjISOGg==</latexit><latexit sha1_base64="tjM4DvOknRi5Y3LmRC0enjHqtmQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kvuFyUG94TW8O/Jf4JWlAifag/tkfJjSTTFkqiDE930ttmBNtORVsVutnhqWETsiI9RxVRDIT5vNbZ/jEKUMcJ9qVsniu/pzIiTRmKiPXKYkdm2WvEP/zepmNL8OcqzSzTNHFojgT2Ca4eBwPuWbUiqkjhGrubsV0TDSh1sVTcyH4yy//JcFZ86rp3Z03WtdlGlU4gmM4BR8uoAW30IYAKIzhCV7gFUn0jN7Q+6K1gsqZQ/gF9PENjISOGg==</latexit><latexit sha1_base64="tjM4DvOknRi5Y3LmRC0enjHqtmQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kvuFyUG94TW8O/Jf4JWlAifag/tkfJjSTTFkqiDE930ttmBNtORVsVutnhqWETsiI9RxVRDIT5vNbZ/jEKUMcJ9qVsniu/pzIiTRmKiPXKYkdm2WvEP/zepmNL8OcqzSzTNHFojgT2Ca4eBwPuWbUiqkjhGrubsV0TDSh1sVTcyH4yy//JcFZ86rp3Z03WtdlGlU4gmM4BR8uoAW30IYAKIzhCV7gFUn0jN7Q+6K1gsqZQ/gF9PENjISOGg==</latexit>

Z
DT e�TijkTijk+g2

4,1TijkTilmTnlmTnjk+g4,1TijkTilmTnjmTnlk

<latexit sha1_base64="wwpP47q+n8LPZaMFOa6lSMz6Kwc="></latexit><latexit sha1_base64="wwpP47q+n8LPZaMFOa6lSMz6Kwc="></latexit><latexit sha1_base64="wwpP47q+n8LPZaMFOa6lSMz6Kwc="></latexit>

!
<latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit>

⇠<latexit sha1_base64="tjM4DvOknRi5Y3LmRC0enjHqtmQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kvuFyUG94TW8O/Jf4JWlAifag/tkfJjSTTFkqiDE930ttmBNtORVsVutnhqWETsiI9RxVRDIT5vNbZ/jEKUMcJ9qVsniu/pzIiTRmKiPXKYkdm2WvEP/zepmNL8OcqzSzTNHFojgT2Ca4eBwPuWbUiqkjhGrubsV0TDSh1sVTcyH4yy//JcFZ86rp3Z03WtdlGlU4gmM4BR8uoAW30IYAKIzhCV7gFUn0jN7Q+6K1gsqZQ/gF9PENjISOGg==</latexit><latexit sha1_base64="tjM4DvOknRi5Y3LmRC0enjHqtmQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kvuFyUG94TW8O/Jf4JWlAifag/tkfJjSTTFkqiDE930ttmBNtORVsVutnhqWETsiI9RxVRDIT5vNbZ/jEKUMcJ9qVsniu/pzIiTRmKiPXKYkdm2WvEP/zepmNL8OcqzSzTNHFojgT2Ca4eBwPuWbUiqkjhGrubsV0TDSh1sVTcyH4yy//JcFZ86rp3Z03WtdlGlU4gmM4BR8uoAW30IYAKIzhCV7gFUn0jN7Q+6K1gsqZQ/gF9PENjISOGg==</latexit><latexit sha1_base64="tjM4DvOknRi5Y3LmRC0enjHqtmQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kvuFyUG94TW8O/Jf4JWlAifag/tkfJjSTTFkqiDE930ttmBNtORVsVutnhqWETsiI9RxVRDIT5vNbZ/jEKUMcJ9qVsniu/pzIiTRmKiPXKYkdm2WvEP/zepmNL8OcqzSzTNHFojgT2Ca4eBwPuWbUiqkjhGrubsV0TDSh1sVTcyH4yy//JcFZ86rp3Z03WtdlGlU4gmM4BR8uoAW30IYAKIzhCV7gFUn0jN7Q+6K1gsqZQ/gF9PENjISOGg==</latexit> }
<latexit sha1_base64="DO3+AgGDIVD+uuUzt4lYziqckR4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpvjvpVWtu3Z2BLBOvIDUo0OxVv7r9hGUxV8gkNabjuSkGOdUomOSTSjczPKVsRAe8Y6miMTdBPrt0Qk6s0idRom0pJDP190ROY2PGcWg7Y4pDs+hNxf+8TobRZZALlWbIFZsvijJJMCHTt0lfaM5Qji2hTAt7K2FDqilDG07FhuAtvrxM/LP6Vd29O681ros0ynAEx3AKHlxAA26hCT4wiOAZXuHNGTkvzrvzMW8tOcXMIfyB8/kDDD6NOg==</latexit><latexit sha1_base64="DO3+AgGDIVD+uuUzt4lYziqckR4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpvjvpVWtu3Z2BLBOvIDUo0OxVv7r9hGUxV8gkNabjuSkGOdUomOSTSjczPKVsRAe8Y6miMTdBPrt0Qk6s0idRom0pJDP190ROY2PGcWg7Y4pDs+hNxf+8TobRZZALlWbIFZsvijJJMCHTt0lfaM5Qji2hTAt7K2FDqilDG07FhuAtvrxM/LP6Vd29O681ros0ynAEx3AKHlxAA26hCT4wiOAZXuHNGTkvzrvzMW8tOcXMIfyB8/kDDD6NOg==</latexit><latexit sha1_base64="DO3+AgGDIVD+uuUzt4lYziqckR4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpvjvpVWtu3Z2BLBOvIDUo0OxVv7r9hGUxV8gkNabjuSkGOdUomOSTSjczPKVsRAe8Y6miMTdBPrt0Qk6s0idRom0pJDP190ROY2PGcWg7Y4pDs+hNxf+8TobRZZALlWbIFZsvijJJMCHTt0lfaM5Qji2hTAt7K2FDqilDG07FhuAtvrxM/LP6Vd29O681ros0ynAEx3AKHlxAA26hCT4wiOAZXuHNGTkvzrvzMW8tOcXMIfyB8/kDDD6NOg==</latexit>

tensor models: rank D, ND tensor, O(N)D invariance
[Sasakura ’91; Gross ’91; 


Ambjorn, Durhuus, Jonsson ’91;

Gurau ’11; Gurau, Rivasseau ’11]

Feynman diagrams: 
triangulations

The continuum limit from non-local coarse graining



The continuum limit from non-local coarse graining

ZN =

Z
DT e�S[T ]+TrT ·J� 1

2TabcRN (a,b,c,d,e,f)abcdefTdef

<latexit sha1_base64="mFifQiN6xmaC9BOzUc+drnglJ2A="></latexit><latexit sha1_base64="mFifQiN6xmaC9BOzUc+drnglJ2A="></latexit><latexit sha1_base64="mFifQiN6xmaC9BOzUc+drnglJ2A="></latexit> suppresses ``infrared” indices 

a, b, c, d, e, f < N
<latexit sha1_base64="AV6zjACrVMqhpEDwGVYJexQ05S4=">AAAB93icbVBNS8NAEN34WetHox69LBbBQyipCCp4KHrxJBWMLbShbDaTdulmE3Y3Qg39JV48qHj1r3jz37htc9DWBwOP92aYmReknCntut/W0vLK6tp6aaO8ubW9U7F39x5UkkkKHk14ItsBUcCZAE8zzaGdSiBxwKEVDK8nfusRpGKJuNejFPyY9AWLGCXaSD27QpzAoU7ogBPhS3zbs6tuzZ0CL5J6QaqoQLNnf3XDhGYxCE05UapTd1Pt50RqRjmMy91MQUrokPShY6ggMSg/nx4+xkdGCXGUSFNC46n6eyInsVKjODCdMdEDNe9NxP+8Tqajcz9nIs00CDpbFGUc6wRPUsAhk0A1HxlCqGTmVkwHRBKqTVZlE0J9/uVF4p3ULmru3Wm1cVWkUUIH6BAdozo6Qw10g5rIQxRl6Bm9ojfryXqx3q2PWeuSVczsoz+wPn8APhKRDw==</latexit><latexit sha1_base64="AV6zjACrVMqhpEDwGVYJexQ05S4=">AAAB93icbVBNS8NAEN34WetHox69LBbBQyipCCp4KHrxJBWMLbShbDaTdulmE3Y3Qg39JV48qHj1r3jz37htc9DWBwOP92aYmReknCntut/W0vLK6tp6aaO8ubW9U7F39x5UkkkKHk14ItsBUcCZAE8zzaGdSiBxwKEVDK8nfusRpGKJuNejFPyY9AWLGCXaSD27QpzAoU7ogBPhS3zbs6tuzZ0CL5J6QaqoQLNnf3XDhGYxCE05UapTd1Pt50RqRjmMy91MQUrokPShY6ggMSg/nx4+xkdGCXGUSFNC46n6eyInsVKjODCdMdEDNe9NxP+8Tqajcz9nIs00CDpbFGUc6wRPUsAhk0A1HxlCqGTmVkwHRBKqTVZlE0J9/uVF4p3ULmru3Wm1cVWkUUIH6BAdozo6Qw10g5rIQxRl6Bm9ojfryXqx3q2PWeuSVczsoz+wPn8APhKRDw==</latexit><latexit sha1_base64="AV6zjACrVMqhpEDwGVYJexQ05S4=">AAAB93icbVBNS8NAEN34WetHox69LBbBQyipCCp4KHrxJBWMLbShbDaTdulmE3Y3Qg39JV48qHj1r3jz37htc9DWBwOP92aYmReknCntut/W0vLK6tp6aaO8ubW9U7F39x5UkkkKHk14ItsBUcCZAE8zzaGdSiBxwKEVDK8nfusRpGKJuNejFPyY9AWLGCXaSD27QpzAoU7ogBPhS3zbs6tuzZ0CL5J6QaqoQLNnf3XDhGYxCE05UapTd1Pt50RqRjmMy91MQUrokPShY6ggMSg/nx4+xkdGCXGUSFNC46n6eyInsVKjODCdMdEDNe9NxP+8Tqajcz9nIs00CDpbFGUc6wRPUsAhk0A1HxlCqGTmVkwHRBKqTVZlE0J9/uVF4p3ULmru3Wm1cVWkUUIH6BAdozo6Qw10g5rIQxRl6Bm9ojfryXqx3q2PWeuSVczsoz+wPn8APhKRDw==</latexit>

example: rank 3; generalization to rank D straightforward

see also R. Toriumi, T. Krajewski for Polchinski equation
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�N = sup
J

(J · T � lnZN )� 1

2
TabcR

abcdef
N Tdef
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�N = sup
J

(J · T � lnZN )� 1

2
TabcR

abcdef
N Tdef

<latexit sha1_base64="X/a30GUfXM/V1n4Hbh003Wk/6PU="></latexit><latexit sha1_base64="X/a30GUfXM/V1n4Hbh003Wk/6PU="></latexit><latexit sha1_base64="X/a30GUfXM/V1n4Hbh003Wk/6PU="></latexit>

example: rank 3; generalization to rank D straightforward
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<latexit sha1_base64="sNbuy5JnftqjAeMyCHSfgB964G0="></latexit><latexit sha1_base64="sNbuy5JnftqjAeMyCHSfgB964G0="></latexit><latexit sha1_base64="sNbuy5JnftqjAeMyCHSfgB964G0="></latexit>

main contribution to change of        at  
tensor components at 

�N
<latexit sha1_base64="eBd9UiCZJjMbogRpx6IeDQoL8oE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqaQiqLeiBz1JBWMLbSiT7aZduruJuxuhhP4JLx5UvPp7vPlv3LY5aOuDgcd7M8zMCxPOtPG8b6ewtLyyulZcL21sbm3vlHf3HnScKkJ9EvNYtULUlDNJfcMMp61EURQhp81weDXxm09UaRbLezNKaCCwL1nECBortTrXKAR2b7vlilf1pnAXSS0nFcjR6Ja/Or2YpIJKQzhq3a55iQkyVIYRTselTqppgmSIfdq2VKKgOsim947dI6v03ChWtqRxp+rviQyF1iMR2k6BZqDnvYn4n9dOTXQeZEwmqaGSzBZFKXdN7E6ed3tMUWL4yBIkitlbXTJAhcTYiEo2hNr8y4vEP6leVL2700r9Mk+jCAdwCMdQgzOoww00wAcCHJ7hFd6cR+fFeXc+Zq0FJ5/Zhz9wPn8AFoKPiQ==</latexit><latexit sha1_base64="eBd9UiCZJjMbogRpx6IeDQoL8oE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqaQiqLeiBz1JBWMLbSiT7aZduruJuxuhhP4JLx5UvPp7vPlv3LY5aOuDgcd7M8zMCxPOtPG8b6ewtLyyulZcL21sbm3vlHf3HnScKkJ9EvNYtULUlDNJfcMMp61EURQhp81weDXxm09UaRbLezNKaCCwL1nECBortTrXKAR2b7vlilf1pnAXSS0nFcjR6Ja/Or2YpIJKQzhq3a55iQkyVIYRTselTqppgmSIfdq2VKKgOsim947dI6v03ChWtqRxp+rviQyF1iMR2k6BZqDnvYn4n9dOTXQeZEwmqaGSzBZFKXdN7E6ed3tMUWL4yBIkitlbXTJAhcTYiEo2hNr8y4vEP6leVL2700r9Mk+jCAdwCMdQgzOoww00wAcCHJ7hFd6cR+fFeXc+Zq0FJ5/Zhz9wPn8AFoKPiQ==</latexit><latexit sha1_base64="eBd9UiCZJjMbogRpx6IeDQoL8oE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqaQiqLeiBz1JBWMLbSiT7aZduruJuxuhhP4JLx5UvPp7vPlv3LY5aOuDgcd7M8zMCxPOtPG8b6ewtLyyulZcL21sbm3vlHf3HnScKkJ9EvNYtULUlDNJfcMMp61EURQhp81weDXxm09UaRbLezNKaCCwL1nECBortTrXKAR2b7vlilf1pnAXSS0nFcjR6Ja/Or2YpIJKQzhq3a55iQkyVIYRTselTqppgmSIfdq2VKKgOsim947dI6v03ChWtqRxp+rviQyF1iMR2k6BZqDnvYn4n9dOTXQeZEwmqaGSzBZFKXdN7E6ed3tMUWL4yBIkitlbXTJAhcTYiEo2hNr8y4vEP6leVL2700r9Mk+jCAdwCMdQgzOoww00wAcCHJ7hFd6cR+fFeXc+Zq0FJ5/Zhz9wPn8AFoKPiQ==</latexit>

N
<latexit sha1_base64="D7mancucQcCJ5r9nhaEAxO5UVIU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFUOPxSJW7YBqFFyiZ7gR2E4U0igQ2ApGN1O/9YRK81jem3GCfkQHkoecUWOl5l2vXHGr7gxkmdRyUoEcjV75q9uPWRqhNExQrTs1NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz2aETcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU146WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03JhlBbfHmZeGfVq6rbPK/Ur/M0inAEx3AKNbiAOtxCAzxggPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDFM+MpQ==</latexit><latexit sha1_base64="D7mancucQcCJ5r9nhaEAxO5UVIU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFUOPxSJW7YBqFFyiZ7gR2E4U0igQ2ApGN1O/9YRK81jem3GCfkQHkoecUWOl5l2vXHGr7gxkmdRyUoEcjV75q9uPWRqhNExQrTs1NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz2aETcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU146WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03JhlBbfHmZeGfVq6rbPK/Ur/M0inAEx3AKNbiAOtxCAzxggPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDFM+MpQ==</latexit><latexit sha1_base64="D7mancucQcCJ5r9nhaEAxO5UVIU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFUOPxSJW7YBqFFyiZ7gR2E4U0igQ2ApGN1O/9YRK81jem3GCfkQHkoecUWOl5l2vXHGr7gxkmdRyUoEcjV75q9uPWRqhNExQrTs1NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz2aETcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU146WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03JhlBbfHmZeGfVq6rbPK/Ur/M0inAEx3AKNbiAOtxCAzxggPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDFM+MpQ==</latexit>

N
<latexit sha1_base64="D7mancucQcCJ5r9nhaEAxO5UVIU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFUOPxSJW7YBqFFyiZ7gR2E4U0igQ2ApGN1O/9YRK81jem3GCfkQHkoecUWOl5l2vXHGr7gxkmdRyUoEcjV75q9uPWRqhNExQrTs1NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz2aETcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU146WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03JhlBbfHmZeGfVq6rbPK/Ur/M0inAEx3AKNbiAOtxCAzxggPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDFM+MpQ==</latexit><latexit sha1_base64="D7mancucQcCJ5r9nhaEAxO5UVIU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFUOPxSJW7YBqFFyiZ7gR2E4U0igQ2ApGN1O/9YRK81jem3GCfkQHkoecUWOl5l2vXHGr7gxkmdRyUoEcjV75q9uPWRqhNExQrTs1NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz2aETcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU146WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03JhlBbfHmZeGfVq6rbPK/Ur/M0inAEx3AKNbiAOtxCAzxggPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDFM+MpQ==</latexit><latexit sha1_base64="D7mancucQcCJ5r9nhaEAxO5UVIU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFUOPxSJW7YBqFFyiZ7gR2E4U0igQ2ApGN1O/9YRK81jem3GCfkQHkoecUWOl5l2vXHGr7gxkmdRyUoEcjV75q9uPWRqhNExQrTs1NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz2aETcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU146WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03JhlBbfHmZeGfVq6rbPK/Ur/M0inAEx3AKNbiAOtxCAzxggPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDFM+MpQ==</latexit>

see also R. Toriumi, T. Krajewski for Polchinski equation



The continuum limit from non-local coarse graining

ZN =

Z
DT e�S[T ]+TrT ·J� 1

2TabcRN (a,b,c,d,e,f)abcdefTdef

<latexit sha1_base64="mFifQiN6xmaC9BOzUc+drnglJ2A="></latexit><latexit sha1_base64="mFifQiN6xmaC9BOzUc+drnglJ2A="></latexit><latexit sha1_base64="mFifQiN6xmaC9BOzUc+drnglJ2A="></latexit> suppresses ``infrared” indices 

a, b, c, d, e, f < N
<latexit sha1_base64="AV6zjACrVMqhpEDwGVYJexQ05S4=">AAAB93icbVBNS8NAEN34WetHox69LBbBQyipCCp4KHrxJBWMLbShbDaTdulmE3Y3Qg39JV48qHj1r3jz37htc9DWBwOP92aYmReknCntut/W0vLK6tp6aaO8ubW9U7F39x5UkkkKHk14ItsBUcCZAE8zzaGdSiBxwKEVDK8nfusRpGKJuNejFPyY9AWLGCXaSD27QpzAoU7ogBPhS3zbs6tuzZ0CL5J6QaqoQLNnf3XDhGYxCE05UapTd1Pt50RqRjmMy91MQUrokPShY6ggMSg/nx4+xkdGCXGUSFNC46n6eyInsVKjODCdMdEDNe9NxP+8Tqajcz9nIs00CDpbFGUc6wRPUsAhk0A1HxlCqGTmVkwHRBKqTVZlE0J9/uVF4p3ULmru3Wm1cVWkUUIH6BAdozo6Qw10g5rIQxRl6Bm9ojfryXqx3q2PWeuSVczsoz+wPn8APhKRDw==</latexit><latexit sha1_base64="AV6zjACrVMqhpEDwGVYJexQ05S4=">AAAB93icbVBNS8NAEN34WetHox69LBbBQyipCCp4KHrxJBWMLbShbDaTdulmE3Y3Qg39JV48qHj1r3jz37htc9DWBwOP92aYmReknCntut/W0vLK6tp6aaO8ubW9U7F39x5UkkkKHk14ItsBUcCZAE8zzaGdSiBxwKEVDK8nfusRpGKJuNejFPyY9AWLGCXaSD27QpzAoU7ogBPhS3zbs6tuzZ0CL5J6QaqoQLNnf3XDhGYxCE05UapTd1Pt50RqRjmMy91MQUrokPShY6ggMSg/nx4+xkdGCXGUSFNC46n6eyInsVKjODCdMdEDNe9NxP+8Tqajcz9nIs00CDpbFGUc6wRPUsAhk0A1HxlCqGTmVkwHRBKqTVZlE0J9/uVF4p3ULmru3Wm1cVWkUUIH6BAdozo6Qw10g5rIQxRl6Bm9ojfryXqx3q2PWeuSVczsoz+wPn8APhKRDw==</latexit><latexit sha1_base64="AV6zjACrVMqhpEDwGVYJexQ05S4=">AAAB93icbVBNS8NAEN34WetHox69LBbBQyipCCp4KHrxJBWMLbShbDaTdulmE3Y3Qg39JV48qHj1r3jz37htc9DWBwOP92aYmReknCntut/W0vLK6tp6aaO8ubW9U7F39x5UkkkKHk14ItsBUcCZAE8zzaGdSiBxwKEVDK8nfusRpGKJuNejFPyY9AWLGCXaSD27QpzAoU7ogBPhS3zbs6tuzZ0CL5J6QaqoQLNnf3XDhGYxCE05UapTd1Pt50RqRjmMy91MQUrokPShY6ggMSg/nx4+xkdGCXGUSFNC46n6eyInsVKjODCdMdEDNe9NxP+8Tqajcz9nIs00CDpbFGUc6wRPUsAhk0A1HxlCqGTmVkwHRBKqTVZlE0J9/uVF4p3ULmru3Wm1cVWkUUIH6BAdozo6Qw10g5rIQxRl6Bm9ojfryXqx3q2PWeuSVczsoz+wPn8APhKRDw==</latexit>
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<latexit sha1_base64="X/a30GUfXM/V1n4Hbh003Wk/6PU="></latexit><latexit sha1_base64="X/a30GUfXM/V1n4Hbh003Wk/6PU="></latexit><latexit sha1_base64="X/a30GUfXM/V1n4Hbh003Wk/6PU="></latexit>

example: rank 3; generalization to rank D straightforward
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#

<latexit sha1_base64="sNbuy5JnftqjAeMyCHSfgB964G0="></latexit><latexit sha1_base64="sNbuy5JnftqjAeMyCHSfgB964G0="></latexit><latexit sha1_base64="sNbuy5JnftqjAeMyCHSfgB964G0="></latexit>

main contribution to change of        at  
tensor components at 

�N
<latexit sha1_base64="eBd9UiCZJjMbogRpx6IeDQoL8oE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqaQiqLeiBz1JBWMLbSiT7aZduruJuxuhhP4JLx5UvPp7vPlv3LY5aOuDgcd7M8zMCxPOtPG8b6ewtLyyulZcL21sbm3vlHf3HnScKkJ9EvNYtULUlDNJfcMMp61EURQhp81weDXxm09UaRbLezNKaCCwL1nECBortTrXKAR2b7vlilf1pnAXSS0nFcjR6Ja/Or2YpIJKQzhq3a55iQkyVIYRTselTqppgmSIfdq2VKKgOsim947dI6v03ChWtqRxp+rviQyF1iMR2k6BZqDnvYn4n9dOTXQeZEwmqaGSzBZFKXdN7E6ed3tMUWL4yBIkitlbXTJAhcTYiEo2hNr8y4vEP6leVL2700r9Mk+jCAdwCMdQgzOoww00wAcCHJ7hFd6cR+fFeXc+Zq0FJ5/Zhz9wPn8AFoKPiQ==</latexit><latexit sha1_base64="eBd9UiCZJjMbogRpx6IeDQoL8oE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqaQiqLeiBz1JBWMLbSiT7aZduruJuxuhhP4JLx5UvPp7vPlv3LY5aOuDgcd7M8zMCxPOtPG8b6ewtLyyulZcL21sbm3vlHf3HnScKkJ9EvNYtULUlDNJfcMMp61EURQhp81weDXxm09UaRbLezNKaCCwL1nECBortTrXKAR2b7vlilf1pnAXSS0nFcjR6Ja/Or2YpIJKQzhq3a55iQkyVIYRTselTqppgmSIfdq2VKKgOsim947dI6v03ChWtqRxp+rviQyF1iMR2k6BZqDnvYn4n9dOTXQeZEwmqaGSzBZFKXdN7E6ed3tMUWL4yBIkitlbXTJAhcTYiEo2hNr8y4vEP6leVL2700r9Mk+jCAdwCMdQgzOoww00wAcCHJ7hFd6cR+fFeXc+Zq0FJ5/Zhz9wPn8AFoKPiQ==</latexit><latexit sha1_base64="eBd9UiCZJjMbogRpx6IeDQoL8oE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqaQiqLeiBz1JBWMLbSiT7aZduruJuxuhhP4JLx5UvPp7vPlv3LY5aOuDgcd7M8zMCxPOtPG8b6ewtLyyulZcL21sbm3vlHf3HnScKkJ9EvNYtULUlDNJfcMMp61EURQhp81weDXxm09UaRbLezNKaCCwL1nECBortTrXKAR2b7vlilf1pnAXSS0nFcjR6Ja/Or2YpIJKQzhq3a55iQkyVIYRTselTqppgmSIfdq2VKKgOsim947dI6v03ChWtqRxp+rviQyF1iMR2k6BZqDnvYn4n9dOTXQeZEwmqaGSzBZFKXdN7E6ed3tMUWL4yBIkitlbXTJAhcTYiEo2hNr8y4vEP6leVL2700r9Mk+jCAdwCMdQgzOoww00wAcCHJ7hFd6cR+fFeXc+Zq0FJ5/Zhz9wPn8AFoKPiQ==</latexit>

N
<latexit sha1_base64="D7mancucQcCJ5r9nhaEAxO5UVIU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFUOPxSJW7YBqFFyiZ7gR2E4U0igQ2ApGN1O/9YRK81jem3GCfkQHkoecUWOl5l2vXHGr7gxkmdRyUoEcjV75q9uPWRqhNExQrTs1NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz2aETcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU146WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03JhlBbfHmZeGfVq6rbPK/Ur/M0inAEx3AKNbiAOtxCAzxggPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDFM+MpQ==</latexit><latexit sha1_base64="D7mancucQcCJ5r9nhaEAxO5UVIU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFUOPxSJW7YBqFFyiZ7gR2E4U0igQ2ApGN1O/9YRK81jem3GCfkQHkoecUWOl5l2vXHGr7gxkmdRyUoEcjV75q9uPWRqhNExQrTs1NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz2aETcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU146WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03JhlBbfHmZeGfVq6rbPK/Ur/M0inAEx3AKNbiAOtxCAzxggPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDFM+MpQ==</latexit><latexit sha1_base64="D7mancucQcCJ5r9nhaEAxO5UVIU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFUOPxSJW7YBqFFyiZ7gR2E4U0igQ2ApGN1O/9YRK81jem3GCfkQHkoecUWOl5l2vXHGr7gxkmdRyUoEcjV75q9uPWRqhNExQrTs1NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz2aETcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU146WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03JhlBbfHmZeGfVq6rbPK/Ur/M0inAEx3AKNbiAOtxCAzxggPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDFM+MpQ==</latexit>

N
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formal ``trick”: can transform any integral into differential equation 
what is the physical meaning?



The continuum limit from non-local coarse graining
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example: rank 3; generalization to rank D straightforward
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main contribution to change of        at  
tensor components at 
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How is this coarse graining? 

Abstract view on RG flows: 
RG flows go from many to few degrees of freedom (a-theorem) 
(background dependent: local coarse graining; background independent: nonlocal ``coarse graining”)



The continuum limit from non-local coarse graining
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search for universality at large N: fixed point of abstract RG flow
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double scaling limit

= continuum limit with contributions from all topologies
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<latexit sha1_base64="Y2fKxgIf6rKhG7g7lApV8VE1bOA=">AAACFnicbZBLS8NAFIUnPmt9VV26GSxCXRgSEdSFUHTjSipYW2hqmUwn6dDJJMzcCCXkX7jxr7hxoeJW3PlvnD4W2npg4HDOvQz38xPBNTjOtzU3v7C4tFxYKa6urW9slra273ScKsrqNBaxavpEM8ElqwMHwZqJYiTyBWv4/cth33hgSvNY3sIgYe2IhJIHnBIwUadkV8LDsJN5KsJUccgP7jMvUIRmbp550GNA8vz6fFTHUkOnVHZsZyQ8a9yJKaOJap3Sl9eNaRoxCVQQrVuuk0A7Iwo4FSwveqlmCaF9ErKWsZJETLez0V053jdJFwexMk8CHqW/NzISaT2IfDMZEejp6W4Y/te1UghO2xmXSQpM0vFHQSowxHgICXe5YhTEwBgyxMIppj1isIBBWTQQ3OmTZ039yD6znZvjcvViQqOAdtEeqiAXnaAqukI1VEcUPaJn9IrerCfrxXq3Psajc9ZkZwf9kfX5A8OQn+g=</latexit><latexit sha1_base64="Y2fKxgIf6rKhG7g7lApV8VE1bOA=">AAACFnicbZBLS8NAFIUnPmt9VV26GSxCXRgSEdSFUHTjSipYW2hqmUwn6dDJJMzcCCXkX7jxr7hxoeJW3PlvnD4W2npg4HDOvQz38xPBNTjOtzU3v7C4tFxYKa6urW9slra273ScKsrqNBaxavpEM8ElqwMHwZqJYiTyBWv4/cth33hgSvNY3sIgYe2IhJIHnBIwUadkV8LDsJN5KsJUccgP7jMvUIRmbp550GNA8vz6fFTHUkOnVHZsZyQ8a9yJKaOJap3Sl9eNaRoxCVQQrVuuk0A7Iwo4FSwveqlmCaF9ErKWsZJETLez0V053jdJFwexMk8CHqW/NzISaT2IfDMZEejp6W4Y/te1UghO2xmXSQpM0vFHQSowxHgICXe5YhTEwBgyxMIppj1isIBBWTQQ3OmTZ039yD6znZvjcvViQqOAdtEeqiAXnaAqukI1VEcUPaJn9IrerCfrxXq3Psajc9ZkZwf9kfX5A8OQn+g=</latexit><latexit sha1_base64="Y2fKxgIf6rKhG7g7lApV8VE1bOA=">AAACFnicbZBLS8NAFIUnPmt9VV26GSxCXRgSEdSFUHTjSipYW2hqmUwn6dDJJMzcCCXkX7jxr7hxoeJW3PlvnD4W2npg4HDOvQz38xPBNTjOtzU3v7C4tFxYKa6urW9slra273ScKsrqNBaxavpEM8ElqwMHwZqJYiTyBWv4/cth33hgSvNY3sIgYe2IhJIHnBIwUadkV8LDsJN5KsJUccgP7jMvUIRmbp550GNA8vz6fFTHUkOnVHZsZyQ8a9yJKaOJap3Sl9eNaRoxCVQQrVuuk0A7Iwo4FSwveqlmCaF9ErKWsZJETLez0V053jdJFwexMk8CHqW/NzISaT2IfDMZEejp6W4Y/te1UghO2xmXSQpM0vFHQSowxHgICXe5YhTEwBgyxMIppj1isIBBWTQQ3OmTZ039yD6znZvjcvViQqOAdtEeqiAXnaAqukI1VEcUPaJn9IrerCfrxXq3Psajc9ZkZwf9kfX5A8OQn+g=</latexit>

g(N) = gcrit +N�✓
<latexit sha1_base64="ntL7kG6yvIo+iwVp9frgvaWPYp8=">AAACCXicbZA7SwNBFIVn4yvGV9TSZjQIETHsiqAWQtDGKkQwJpBdl9nJbDJk9sHMXSEsW9v4V2wsVGz9B3b+GyePQhMPDHyccy/DPV4suALT/DZyc/MLi0v55cLK6tr6RnFz605FiaSsQSMRyZZHFBM8ZA3gIFgrlowEnmBNr381zJsPTCoehbcwiJkTkG7IfU4JaMst7nbLtQN8gbtuassAU8khw4e4dp8e2dBjQDK3WDIr5kh4FqwJlNBEdbf4ZXcimgQsBCqIUm3LjMFJiQROBcsKdqJYTGifdFlbY0gCppx0dEqG97XTwX4k9QsBj9zfGykJlBoEnp4MCPTUdDY0/8vaCfhnTsrDOAEW0vFHfiIwRHjYC+5wySiIgQYybIFTTHtEEgq6vYIuwZo+eRYax5XzinlzUqpeTtrIox20h8rIQqeoiq5RHTUQRY/oGb2iN+PJeDHejY/xaM6Y7GyjPzI+fwD3oZjE</latexit><latexit sha1_base64="ntL7kG6yvIo+iwVp9frgvaWPYp8=">AAACCXicbZA7SwNBFIVn4yvGV9TSZjQIETHsiqAWQtDGKkQwJpBdl9nJbDJk9sHMXSEsW9v4V2wsVGz9B3b+GyePQhMPDHyccy/DPV4suALT/DZyc/MLi0v55cLK6tr6RnFz605FiaSsQSMRyZZHFBM8ZA3gIFgrlowEnmBNr381zJsPTCoehbcwiJkTkG7IfU4JaMst7nbLtQN8gbtuassAU8khw4e4dp8e2dBjQDK3WDIr5kh4FqwJlNBEdbf4ZXcimgQsBCqIUm3LjMFJiQROBcsKdqJYTGifdFlbY0gCppx0dEqG97XTwX4k9QsBj9zfGykJlBoEnp4MCPTUdDY0/8vaCfhnTsrDOAEW0vFHfiIwRHjYC+5wySiIgQYybIFTTHtEEgq6vYIuwZo+eRYax5XzinlzUqpeTtrIox20h8rIQqeoiq5RHTUQRY/oGb2iN+PJeDHejY/xaM6Y7GyjPzI+fwD3oZjE</latexit><latexit sha1_base64="ntL7kG6yvIo+iwVp9frgvaWPYp8=">AAACCXicbZA7SwNBFIVn4yvGV9TSZjQIETHsiqAWQtDGKkQwJpBdl9nJbDJk9sHMXSEsW9v4V2wsVGz9B3b+GyePQhMPDHyccy/DPV4suALT/DZyc/MLi0v55cLK6tr6RnFz605FiaSsQSMRyZZHFBM8ZA3gIFgrlowEnmBNr381zJsPTCoehbcwiJkTkG7IfU4JaMst7nbLtQN8gbtuassAU8khw4e4dp8e2dBjQDK3WDIr5kh4FqwJlNBEdbf4ZXcimgQsBCqIUm3LjMFJiQROBcsKdqJYTGifdFlbY0gCppx0dEqG97XTwX4k9QsBj9zfGykJlBoEnp4MCPTUdDY0/8vaCfhnTsrDOAEW0vFHfiIwRHjYC+5wySiIgQYybIFTTHtEEgq6vYIuwZo+eRYax5XzinlzUqpeTtrIox20h8rIQqeoiq5RHTUQRY/oGb2iN+PJeDHejY/xaM6Y7GyjPzI+fwD3oZjE</latexit>

!
<latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit>

linearized ``RG flow” in tensor size N
[Brezin, Zinn-Justin ‘92]
[AE, Koslowski ’13]

double scaling limit

gi(k) = gi ⇤ +

✓
k

k0

◆�✓i

+ ...
<latexit sha1_base64="zux445jfxGTyyAqNc/sOL249ke8="></latexit><latexit sha1_base64="zux445jfxGTyyAqNc/sOL249ke8="></latexit><latexit sha1_base64="zux445jfxGTyyAqNc/sOL249ke8="></latexit>

= continuum limit with contributions from all topologies



Z

spacetimes
e�S

<latexit sha1_base64="lP/4rYUEw2VNQiyPTPl5mHXAMQw=">AAACA3icbVC7SgNBFJ31GeMraplmMAg2ho0Iahe0sYzomkA2htnJTTJkdnaZuSuEZQsbf8XGQsXWn7Dzb5w8Ck08MHA4517O3BPEUhh03W9nYXFpeWU1t5Zf39jc2i7s7N6ZKNEcPB7JSDcCZkAKBR4KlNCINbAwkFAPBpcjv/4A2ohI3eIwhlbIekp0BWdopXah6AuF7dTXITUx44AiBJPBfXp0k7ULJbfsjkHnSWVKSmSKWrvw5XcinoSgkEtmTLPixthKmUbBJWR5PzFgQwasB01LFbNZrXR8REYPrNKh3Ujbp5CO1d8bKQuNGYaBnQwZ9s2sNxL/85oJds9aqVBxgqD4JKibSIoRHTVCO0IDRzm0hHEt7F8p7zPNONre8raEyuzJ88Q7Lp+X3euTUvVi2kaOFMk+OSQVckqq5IrUiEc4eSTP5JW8OU/Oi/PufExGF5zpzh75A+fzB6qFmE4=</latexit><latexit sha1_base64="lP/4rYUEw2VNQiyPTPl5mHXAMQw=">AAACA3icbVC7SgNBFJ31GeMraplmMAg2ho0Iahe0sYzomkA2htnJTTJkdnaZuSuEZQsbf8XGQsXWn7Dzb5w8Ck08MHA4517O3BPEUhh03W9nYXFpeWU1t5Zf39jc2i7s7N6ZKNEcPB7JSDcCZkAKBR4KlNCINbAwkFAPBpcjv/4A2ohI3eIwhlbIekp0BWdopXah6AuF7dTXITUx44AiBJPBfXp0k7ULJbfsjkHnSWVKSmSKWrvw5XcinoSgkEtmTLPixthKmUbBJWR5PzFgQwasB01LFbNZrXR8REYPrNKh3Ujbp5CO1d8bKQuNGYaBnQwZ9s2sNxL/85oJds9aqVBxgqD4JKibSIoRHTVCO0IDRzm0hHEt7F8p7zPNONre8raEyuzJ88Q7Lp+X3euTUvVi2kaOFMk+OSQVckqq5IrUiEc4eSTP5JW8OU/Oi/PufExGF5zpzh75A+fzB6qFmE4=</latexit><latexit sha1_base64="lP/4rYUEw2VNQiyPTPl5mHXAMQw=">AAACA3icbVC7SgNBFJ31GeMraplmMAg2ho0Iahe0sYzomkA2htnJTTJkdnaZuSuEZQsbf8XGQsXWn7Dzb5w8Ck08MHA4517O3BPEUhh03W9nYXFpeWU1t5Zf39jc2i7s7N6ZKNEcPB7JSDcCZkAKBR4KlNCINbAwkFAPBpcjv/4A2ohI3eIwhlbIekp0BWdopXah6AuF7dTXITUx44AiBJPBfXp0k7ULJbfsjkHnSWVKSmSKWrvw5XcinoSgkEtmTLPixthKmUbBJWR5PzFgQwasB01LFbNZrXR8REYPrNKh3Ujbp5CO1d8bKQuNGYaBnQwZ9s2sNxL/85oJds9aqVBxgqD4JKibSIoRHTVCO0IDRzm0hHEt7F8p7zPNONre8raEyuzJ88Q7Lp+X3euTUvVi2kaOFMk+OSQVckqq5IrUiEc4eSTP5JW8OU/Oi/PufExGF5zpzh75A+fzB6qFmE4=</latexit>

!
<latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit>

X

triangulations

e�Sdiscrete

<latexit sha1_base64="ZMtlvC+enrbrxEfew9fl/NeyIgU=">AAACFnicbVA9SwNBFNyLXzF+RS1tDoNgY7iIoHZBG8uIxgRyMextXpIlu3vH7jshHPcvbPwrNhYqtmLnv3FzSaGJAwvDzHu8nQkiwQ163reTW1hcWl7JrxbW1jc2t4rbO3cmjDWDOgtFqJsBNSC4gjpyFNCMNFAZCGgEw8ux33gAbXiobnEUQVvSvuI9zihaqVMs+yaWncTX0kXNqerHInNMCvfJ0c3E6XLDNCCkaadY8speBneeVKakRKaodYpffjdksQSFTFBjWhUvwnZCNXImIC34sYGIsiHtQ8tSRSWYdpLlSt0Dq3TdXqjtU+hm6u+NhEpjRjKwk5LiwMx6Y/E/rxVj76ydcBXFCIpNDvVi4WLojkuygTUwFCNLKNPc/tVlA6opQ1tlwZZQmY08T+rH5fOyd31Sql5M28iTPbJPDkmFnJIquSI1UieMPJJn8krenCfnxXl3PiajOWe6s0v+wPn8AVvLoOE=</latexit><latexit sha1_base64="ZMtlvC+enrbrxEfew9fl/NeyIgU=">AAACFnicbVA9SwNBFNyLXzF+RS1tDoNgY7iIoHZBG8uIxgRyMextXpIlu3vH7jshHPcvbPwrNhYqtmLnv3FzSaGJAwvDzHu8nQkiwQ163reTW1hcWl7JrxbW1jc2t4rbO3cmjDWDOgtFqJsBNSC4gjpyFNCMNFAZCGgEw8ux33gAbXiobnEUQVvSvuI9zihaqVMs+yaWncTX0kXNqerHInNMCvfJ0c3E6XLDNCCkaadY8speBneeVKakRKaodYpffjdksQSFTFBjWhUvwnZCNXImIC34sYGIsiHtQ8tSRSWYdpLlSt0Dq3TdXqjtU+hm6u+NhEpjRjKwk5LiwMx6Y/E/rxVj76ydcBXFCIpNDvVi4WLojkuygTUwFCNLKNPc/tVlA6opQ1tlwZZQmY08T+rH5fOyd31Sql5M28iTPbJPDkmFnJIquSI1UieMPJJn8krenCfnxXl3PiajOWe6s0v+wPn8AVvLoOE=</latexit><latexit sha1_base64="ZMtlvC+enrbrxEfew9fl/NeyIgU=">AAACFnicbVA9SwNBFNyLXzF+RS1tDoNgY7iIoHZBG8uIxgRyMextXpIlu3vH7jshHPcvbPwrNhYqtmLnv3FzSaGJAwvDzHu8nQkiwQ163reTW1hcWl7JrxbW1jc2t4rbO3cmjDWDOgtFqJsBNSC4gjpyFNCMNFAZCGgEw8ux33gAbXiobnEUQVvSvuI9zihaqVMs+yaWncTX0kXNqerHInNMCvfJ0c3E6XLDNCCkaadY8speBneeVKakRKaodYpffjdksQSFTFBjWhUvwnZCNXImIC34sYGIsiHtQ8tSRSWYdpLlSt0Dq3TdXqjtU+hm6u+NhEpjRjKwk5LiwMx6Y/E/rxVj76ydcBXFCIpNDvVi4WLojkuygTUwFCNLKNPc/tVlA6opQ1tlwZZQmY08T+rH5fOyd31Sql5M28iTPbJPDkmFnJIquSI1UieMPJJn8krenCfnxXl3PiajOWe6s0v+wPn8AVvLoOE=</latexit>

⇠<latexit sha1_base64="tjM4DvOknRi5Y3LmRC0enjHqtmQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kvuFyUG94TW8O/Jf4JWlAifag/tkfJjSTTFkqiDE930ttmBNtORVsVutnhqWETsiI9RxVRDIT5vNbZ/jEKUMcJ9qVsniu/pzIiTRmKiPXKYkdm2WvEP/zepmNL8OcqzSzTNHFojgT2Ca4eBwPuWbUiqkjhGrubsV0TDSh1sVTcyH4yy//JcFZ86rp3Z03WtdlGlU4gmM4BR8uoAW30IYAKIzhCV7gFUn0jN7Q+6K1gsqZQ/gF9PENjISOGg==</latexit><latexit sha1_base64="tjM4DvOknRi5Y3LmRC0enjHqtmQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kvuFyUG94TW8O/Jf4JWlAifag/tkfJjSTTFkqiDE930ttmBNtORVsVutnhqWETsiI9RxVRDIT5vNbZ/jEKUMcJ9qVsniu/pzIiTRmKiPXKYkdm2WvEP/zepmNL8OcqzSzTNHFojgT2Ca4eBwPuWbUiqkjhGrubsV0TDSh1sVTcyH4yy//JcFZ86rp3Z03WtdlGlU4gmM4BR8uoAW30IYAKIzhCV7gFUn0jN7Q+6K1gsqZQ/gF9PENjISOGg==</latexit><latexit sha1_base64="tjM4DvOknRi5Y3LmRC0enjHqtmQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kvuFyUG94TW8O/Jf4JWlAifag/tkfJjSTTFkqiDE930ttmBNtORVsVutnhqWETsiI9RxVRDIT5vNbZ/jEKUMcJ9qVsniu/pzIiTRmKiPXKYkdm2WvEP/zepmNL8OcqzSzTNHFojgT2Ca4eBwPuWbUiqkjhGrubsV0TDSh1sVTcyH4yy//JcFZ86rp3Z03WtdlGlU4gmM4BR8uoAW30IYAKIzhCV7gFUn0jN7Q+6K1gsqZQ/gF9PENjISOGg==</latexit>

RG fixed point in tensor models

continuum discrete

discrete 
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<latexit sha1_base64="lP/4rYUEw2VNQiyPTPl5mHXAMQw=">AAACA3icbVC7SgNBFJ31GeMraplmMAg2ho0Iahe0sYzomkA2htnJTTJkdnaZuSuEZQsbf8XGQsXWn7Dzb5w8Ck08MHA4517O3BPEUhh03W9nYXFpeWU1t5Zf39jc2i7s7N6ZKNEcPB7JSDcCZkAKBR4KlNCINbAwkFAPBpcjv/4A2ohI3eIwhlbIekp0BWdopXah6AuF7dTXITUx44AiBJPBfXp0k7ULJbfsjkHnSWVKSmSKWrvw5XcinoSgkEtmTLPixthKmUbBJWR5PzFgQwasB01LFbNZrXR8REYPrNKh3Ujbp5CO1d8bKQuNGYaBnQwZ9s2sNxL/85oJds9aqVBxgqD4JKibSIoRHTVCO0IDRzm0hHEt7F8p7zPNONre8raEyuzJ88Q7Lp+X3euTUvVi2kaOFMk+OSQVckqq5IrUiEc4eSTP5JW8OU/Oi/PufExGF5zpzh75A+fzB6qFmE4=</latexit><latexit sha1_base64="lP/4rYUEw2VNQiyPTPl5mHXAMQw=">AAACA3icbVC7SgNBFJ31GeMraplmMAg2ho0Iahe0sYzomkA2htnJTTJkdnaZuSuEZQsbf8XGQsXWn7Dzb5w8Ck08MHA4517O3BPEUhh03W9nYXFpeWU1t5Zf39jc2i7s7N6ZKNEcPB7JSDcCZkAKBR4KlNCINbAwkFAPBpcjv/4A2ohI3eIwhlbIekp0BWdopXah6AuF7dTXITUx44AiBJPBfXp0k7ULJbfsjkHnSWVKSmSKWrvw5XcinoSgkEtmTLPixthKmUbBJWR5PzFgQwasB01LFbNZrXR8REYPrNKh3Ujbp5CO1d8bKQuNGYaBnQwZ9s2sNxL/85oJds9aqVBxgqD4JKibSIoRHTVCO0IDRzm0hHEt7F8p7zPNONre8raEyuzJ88Q7Lp+X3euTUvVi2kaOFMk+OSQVckqq5IrUiEc4eSTP5JW8OU/Oi/PufExGF5zpzh75A+fzB6qFmE4=</latexit><latexit sha1_base64="lP/4rYUEw2VNQiyPTPl5mHXAMQw=">AAACA3icbVC7SgNBFJ31GeMraplmMAg2ho0Iahe0sYzomkA2htnJTTJkdnaZuSuEZQsbf8XGQsXWn7Dzb5w8Ck08MHA4517O3BPEUhh03W9nYXFpeWU1t5Zf39jc2i7s7N6ZKNEcPB7JSDcCZkAKBR4KlNCINbAwkFAPBpcjv/4A2ohI3eIwhlbIekp0BWdopXah6AuF7dTXITUx44AiBJPBfXp0k7ULJbfsjkHnSWVKSmSKWrvw5XcinoSgkEtmTLPixthKmUbBJWR5PzFgQwasB01LFbNZrXR8REYPrNKh3Ujbp5CO1d8bKQuNGYaBnQwZ9s2sNxL/85oJds9aqVBxgqD4JKibSIoRHTVCO0IDRzm0hHEt7F8p7zPNONre8raEyuzJ88Q7Lp+X3euTUvVi2kaOFMk+OSQVckqq5IrUiEc4eSTP5JW8OU/Oi/PufExGF5zpzh75A+fzB6qFmE4=</latexit>

!
<latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit>

X

triangulations

e�Sdiscrete

<latexit sha1_base64="ZMtlvC+enrbrxEfew9fl/NeyIgU=">AAACFnicbVA9SwNBFNyLXzF+RS1tDoNgY7iIoHZBG8uIxgRyMextXpIlu3vH7jshHPcvbPwrNhYqtmLnv3FzSaGJAwvDzHu8nQkiwQ163reTW1hcWl7JrxbW1jc2t4rbO3cmjDWDOgtFqJsBNSC4gjpyFNCMNFAZCGgEw8ux33gAbXiobnEUQVvSvuI9zihaqVMs+yaWncTX0kXNqerHInNMCvfJ0c3E6XLDNCCkaadY8speBneeVKakRKaodYpffjdksQSFTFBjWhUvwnZCNXImIC34sYGIsiHtQ8tSRSWYdpLlSt0Dq3TdXqjtU+hm6u+NhEpjRjKwk5LiwMx6Y/E/rxVj76ydcBXFCIpNDvVi4WLojkuygTUwFCNLKNPc/tVlA6opQ1tlwZZQmY08T+rH5fOyd31Sql5M28iTPbJPDkmFnJIquSI1UieMPJJn8krenCfnxXl3PiajOWe6s0v+wPn8AVvLoOE=</latexit><latexit sha1_base64="ZMtlvC+enrbrxEfew9fl/NeyIgU=">AAACFnicbVA9SwNBFNyLXzF+RS1tDoNgY7iIoHZBG8uIxgRyMextXpIlu3vH7jshHPcvbPwrNhYqtmLnv3FzSaGJAwvDzHu8nQkiwQ163reTW1hcWl7JrxbW1jc2t4rbO3cmjDWDOgtFqJsBNSC4gjpyFNCMNFAZCGgEw8ux33gAbXiobnEUQVvSvuI9zihaqVMs+yaWncTX0kXNqerHInNMCvfJ0c3E6XLDNCCkaadY8speBneeVKakRKaodYpffjdksQSFTFBjWhUvwnZCNXImIC34sYGIsiHtQ8tSRSWYdpLlSt0Dq3TdXqjtU+hm6u+NhEpjRjKwk5LiwMx6Y/E/rxVj76ydcBXFCIpNDvVi4WLojkuygTUwFCNLKNPc/tVlA6opQ1tlwZZQmY08T+rH5fOyd31Sql5M28iTPbJPDkmFnJIquSI1UieMPJJn8krenCfnxXl3PiajOWe6s0v+wPn8AVvLoOE=</latexit><latexit sha1_base64="ZMtlvC+enrbrxEfew9fl/NeyIgU=">AAACFnicbVA9SwNBFNyLXzF+RS1tDoNgY7iIoHZBG8uIxgRyMextXpIlu3vH7jshHPcvbPwrNhYqtmLnv3FzSaGJAwvDzHu8nQkiwQ163reTW1hcWl7JrxbW1jc2t4rbO3cmjDWDOgtFqJsBNSC4gjpyFNCMNFAZCGgEw8ux33gAbXiobnEUQVvSvuI9zihaqVMs+yaWncTX0kXNqerHInNMCvfJ0c3E6XLDNCCkaadY8speBneeVKakRKaodYpffjdksQSFTFBjWhUvwnZCNXImIC34sYGIsiHtQ8tSRSWYdpLlSt0Dq3TdXqjtU+hm6u+NhEpjRjKwk5LiwMx6Y/E/rxVj76ydcBXFCIpNDvVi4WLojkuygTUwFCNLKNPc/tVlA6opQ1tlwZZQmY08T+rH5fOyd31Sql5M28iTPbJPDkmFnJIquSI1UieMPJJn8krenCfnxXl3PiajOWe6s0v+wPn8AVvLoOE=</latexit>

⇠<latexit sha1_base64="tjM4DvOknRi5Y3LmRC0enjHqtmQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kvuFyUG94TW8O/Jf4JWlAifag/tkfJjSTTFkqiDE930ttmBNtORVsVutnhqWETsiI9RxVRDIT5vNbZ/jEKUMcJ9qVsniu/pzIiTRmKiPXKYkdm2WvEP/zepmNL8OcqzSzTNHFojgT2Ca4eBwPuWbUiqkjhGrubsV0TDSh1sVTcyH4yy//JcFZ86rp3Z03WtdlGlU4gmM4BR8uoAW30IYAKIzhCV7gFUn0jN7Q+6K1gsqZQ/gF9PENjISOGg==</latexit><latexit sha1_base64="tjM4DvOknRi5Y3LmRC0enjHqtmQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kvuFyUG94TW8O/Jf4JWlAifag/tkfJjSTTFkqiDE930ttmBNtORVsVutnhqWETsiI9RxVRDIT5vNbZ/jEKUMcJ9qVsniu/pzIiTRmKiPXKYkdm2WvEP/zepmNL8OcqzSzTNHFojgT2Ca4eBwPuWbUiqkjhGrubsV0TDSh1sVTcyH4yy//JcFZ86rp3Z03WtdlGlU4gmM4BR8uoAW30IYAKIzhCV7gFUn0jN7Q+6K1gsqZQ/gF9PENjISOGg==</latexit><latexit sha1_base64="tjM4DvOknRi5Y3LmRC0enjHqtmQ=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbahSXZJskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvSgU31vO+UGVldW19o7pZ29re2d2r7x88mCTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STm8LvPDJteKLu7TRloSQjxWNOiS2kvuFyUG94TW8O/Jf4JWlAifag/tkfJjSTTFkqiDE930ttmBNtORVsVutnhqWETsiI9RxVRDIT5vNbZ/jEKUMcJ9qVsniu/pzIiTRmKiPXKYkdm2WvEP/zepmNL8OcqzSzTNHFojgT2Ca4eBwPuWbUiqkjhGrubsV0TDSh1sVTcyH4yy//JcFZ86rp3Z03WtdlGlU4gmM4BR8uoAW30IYAKIzhCV7gFUn0jN7Q+6K1gsqZQ/gF9PENjISOGg==</latexit>
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RG fixed point in tensor models



FRG for tensor models in practice
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<latexit sha1_base64="sNbuy5JnftqjAeMyCHSfgB964G0="></latexit><latexit sha1_base64="sNbuy5JnftqjAeMyCHSfgB964G0="></latexit><latexit sha1_base64="sNbuy5JnftqjAeMyCHSfgB964G0="></latexit>

• rhs of flow equation generates all couplings compatible with symmetries 

truncations of theory space required in practice!
<latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit>

• background independence implies no mass-dimensionality 

rhs of flow equation determines ``canonical” scaling dimension!
<latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit>

• regulator breaks O(N) or U(N) symmetry (no free lunch for coarse graining in QG?) 

projection onto couplings not based on combinatorial structure of 
interactions alone 

Ward-identities imposed in enlarged theory space

!
<latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit>
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<latexit sha1_base64="yR2uX/mtGE/FLGzkXHJKjxqUuxU=">AAACAHicbVBNS8NAEN3Ur1q/ol4EL4tBEMSQFEE9CEUP9VjB2EITw2a7bZduNmF3I5RQL/4VLx5UvPozvPlv3LY5aPXBwOO9GWbmRSmjUjnOl1Gam19YXCovV1ZW19Y3zM2tW5lkAhMPJywRrQhJwignnqKKkVYqCIojRprR4HLsN++JkDThN2qYkiBGPU67FCOlpdDc8SOiUFiH57Bah0fQt+p31UPbtkPTcmxnAviXuAWxQIFGaH76nQRnMeEKMyRl23VSFeRIKIoZGVX8TJIU4QHqkbamHMVEBvnkgxHc10oHdhOhiys4UX9O5CiWchhHujNGqi9nvbH4n9fOVPc0yClPM0U4ni7qZgyqBI7jgB0qCFZsqAnCgupbIe4jgbDSoVV0CO7sy3+JV7XPbOf62KpdFGmUwS7YAwfABSegBq5AA3gAgwfwBF7Aq/FoPBtvxvu0tWQUM9vgF4yPb94Fk3o=</latexit><latexit sha1_base64="yR2uX/mtGE/FLGzkXHJKjxqUuxU=">AAACAHicbVBNS8NAEN3Ur1q/ol4EL4tBEMSQFEE9CEUP9VjB2EITw2a7bZduNmF3I5RQL/4VLx5UvPozvPlv3LY5aPXBwOO9GWbmRSmjUjnOl1Gam19YXCovV1ZW19Y3zM2tW5lkAhMPJywRrQhJwignnqKKkVYqCIojRprR4HLsN++JkDThN2qYkiBGPU67FCOlpdDc8SOiUFiH57Bah0fQt+p31UPbtkPTcmxnAviXuAWxQIFGaH76nQRnMeEKMyRl23VSFeRIKIoZGVX8TJIU4QHqkbamHMVEBvnkgxHc10oHdhOhiys4UX9O5CiWchhHujNGqi9nvbH4n9fOVPc0yClPM0U4ni7qZgyqBI7jgB0qCFZsqAnCgupbIe4jgbDSoVV0CO7sy3+JV7XPbOf62KpdFGmUwS7YAwfABSegBq5AA3gAgwfwBF7Aq/FoPBtvxvu0tWQUM9vgF4yPb94Fk3o=</latexit><latexit sha1_base64="yR2uX/mtGE/FLGzkXHJKjxqUuxU=">AAACAHicbVBNS8NAEN3Ur1q/ol4EL4tBEMSQFEE9CEUP9VjB2EITw2a7bZduNmF3I5RQL/4VLx5UvPozvPlv3LY5aPXBwOO9GWbmRSmjUjnOl1Gam19YXCovV1ZW19Y3zM2tW5lkAhMPJywRrQhJwignnqKKkVYqCIojRprR4HLsN++JkDThN2qYkiBGPU67FCOlpdDc8SOiUFiH57Bah0fQt+p31UPbtkPTcmxnAviXuAWxQIFGaH76nQRnMeEKMyRl23VSFeRIKIoZGVX8TJIU4QHqkbamHMVEBvnkgxHc10oHdhOhiys4UX9O5CiWchhHujNGqi9nvbH4n9fOVPc0yClPM0U4ni7qZgyqBI7jgB0qCFZsqAnCgupbIe4jgbDSoVV0CO7sy3+JV7XPbOf62KpdFGmUwS7YAwfABSegBq5AA3gAgwfwBF7Aq/FoPBtvxvu0tWQUM9vgF4yPb94Fk3o=</latexit>

�ḡ2,1
4,1

= 2N2
⇣
ḡ2,14,1
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+ ...

<latexit sha1_base64="9u5CIt8DhFMoIXDqR0HslPd/UAw="></latexit><latexit sha1_base64="9u5CIt8DhFMoIXDqR0HslPd/UAw="></latexit><latexit sha1_base64="9u5CIt8DhFMoIXDqR0HslPd/UAw="></latexit>

g2,14,1 = ḡ2,14,1N
2

<latexit sha1_base64="6vNePujImjlwJNYCHoljMzDAAys=">AAACDXicbVDLSsNAFJ3UV62vqEs3g6XgQkpSCupCKLpxJRWMLbRpmEwn6dDJJMxMhBL6BW78FTcuVNy6d+ffOG2zqK0H7uVwzr3M3OMnjEplWT9GYWV1bX2juFna2t7Z3TP3Dx5knApMHByzWLR9JAmjnDiKKkbaiSAo8hlp+cPrid96JELSmN+rUULcCIWcBhQjpSXPrIReVj+1x72spvsl7PpIZOF4Xrzt1TyzbFWtKeAysXNSBjmanvnd7cc4jQhXmCEpO7aVKDdDQlHMyLjUTSVJEB6ikHQ05Sgi0s2m54xhRSt9GMRCF1dwqs5vZCiSchT5ejJCaiAXvYn4n9dJVXDuZpQnqSIczx4KUgZVDCfZwD4VBCs20gRhQfVfIR4ggbDSCZZ0CPbiycvEqVUvqtZdvdy4ytMogiNwDE6ADc5AA9yAJnAABk/gBbyBd+PZeDU+jM/ZaMHIdw7BHxhfv5MMmhw=</latexit><latexit sha1_base64="6vNePujImjlwJNYCHoljMzDAAys=">AAACDXicbVDLSsNAFJ3UV62vqEs3g6XgQkpSCupCKLpxJRWMLbRpmEwn6dDJJMxMhBL6BW78FTcuVNy6d+ffOG2zqK0H7uVwzr3M3OMnjEplWT9GYWV1bX2juFna2t7Z3TP3Dx5knApMHByzWLR9JAmjnDiKKkbaiSAo8hlp+cPrid96JELSmN+rUULcCIWcBhQjpSXPrIReVj+1x72spvsl7PpIZOF4Xrzt1TyzbFWtKeAysXNSBjmanvnd7cc4jQhXmCEpO7aVKDdDQlHMyLjUTSVJEB6ikHQ05Sgi0s2m54xhRSt9GMRCF1dwqs5vZCiSchT5ejJCaiAXvYn4n9dJVXDuZpQnqSIczx4KUgZVDCfZwD4VBCs20gRhQfVfIR4ggbDSCZZ0CPbiycvEqVUvqtZdvdy4ytMogiNwDE6ADc5AA9yAJnAABk/gBbyBd+PZeDU+jM/ZaMHIdw7BHxhfv5MMmhw=</latexit><latexit sha1_base64="6vNePujImjlwJNYCHoljMzDAAys=">AAACDXicbVDLSsNAFJ3UV62vqEs3g6XgQkpSCupCKLpxJRWMLbRpmEwn6dDJJMxMhBL6BW78FTcuVNy6d+ffOG2zqK0H7uVwzr3M3OMnjEplWT9GYWV1bX2juFna2t7Z3TP3Dx5knApMHByzWLR9JAmjnDiKKkbaiSAo8hlp+cPrid96JELSmN+rUULcCIWcBhQjpSXPrIReVj+1x72spvsl7PpIZOF4Xrzt1TyzbFWtKeAysXNSBjmanvnd7cc4jQhXmCEpO7aVKDdDQlHMyLjUTSVJEB6ikHQ05Sgi0s2m54xhRSt9GMRCF1dwqs5vZCiSchT5ejJCaiAXvYn4n9dJVXDuZpQnqSIczx4KUgZVDCfZwD4VBCs20gRhQfVfIR4ggbDSCZZ0CPbiycvEqVUvqtZdvdy4ytMogiNwDE6ADc5AA9yAJnAABk/gBbyBd+PZeDU+jM/ZaMHIdw7BHxhfv5MMmhw=</latexit>

�g2,1
4,1

= 2g2,14,1 + 2
⇣
g2,14,1

⌘2
+ ...

<latexit sha1_base64="HMOvfIs4obI9Dl/hQw7YgB6/lcw="></latexit><latexit sha1_base64="HMOvfIs4obI9Dl/hQw7YgB6/lcw="></latexit><latexit sha1_base64="HMOvfIs4obI9Dl/hQw7YgB6/lcw="></latexit>



A bootstrap strategy to choose truncations
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<latexit sha1_base64="sNbuy5JnftqjAeMyCHSfgB964G0="></latexit><latexit sha1_base64="sNbuy5JnftqjAeMyCHSfgB964G0="></latexit><latexit sha1_base64="sNbuy5JnftqjAeMyCHSfgB964G0="></latexit>

all relevant couplings at a fixed point should be included

• aim at quantitative determination of relevant critical exponents

)
<latexit sha1_base64="bgpPg3L+cE+EPY3uJkNqAO37urE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl26yYbdiVJCf4YXDype/Tfe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPRmWacZ8pqXQrpIZLkXAfBUreSjWncSh5MxxeT/zmI9dGqOQeRykPYtpPRCQYRSu1O3eiP0CqtXrqVqpuzZ2CLBKvIFUo0OhWvjo9xbKYJ8gkNabtuSkGOdUomOTjciczPKVsSPu8bWlCY26CfHrymBxbpUcipW0lSKbq74mcxsaM4tB2xhQHZt6biP957QyjiyAXSZohT9hsUZRJgopM/ic9oTlDObKEMi3srYQNqKYMbUplG4I3//Ii8U9rlzX39qxavyrSKMEhHMEJeHAOdbiBBvjAQMEzvMKbg86L8+58zFqXnGLmAP7A+fwB+wmRQA==</latexit><latexit sha1_base64="bgpPg3L+cE+EPY3uJkNqAO37urE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl26yYbdiVJCf4YXDype/Tfe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPRmWacZ8pqXQrpIZLkXAfBUreSjWncSh5MxxeT/zmI9dGqOQeRykPYtpPRCQYRSu1O3eiP0CqtXrqVqpuzZ2CLBKvIFUo0OhWvjo9xbKYJ8gkNabtuSkGOdUomOTjciczPKVsSPu8bWlCY26CfHrymBxbpUcipW0lSKbq74mcxsaM4tB2xhQHZt6biP957QyjiyAXSZohT9hsUZRJgopM/ic9oTlDObKEMi3srYQNqKYMbUplG4I3//Ii8U9rlzX39qxavyrSKMEhHMEJeHAOdbiBBvjAQMEzvMKbg86L8+58zFqXnGLmAP7A+fwB+wmRQA==</latexit><latexit sha1_base64="bgpPg3L+cE+EPY3uJkNqAO37urE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl26yYbdiVJCf4YXDype/Tfe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPRmWacZ8pqXQrpIZLkXAfBUreSjWncSh5MxxeT/zmI9dGqOQeRykPYtpPRCQYRSu1O3eiP0CqtXrqVqpuzZ2CLBKvIFUo0OhWvjo9xbKYJ8gkNabtuSkGOdUomOTjciczPKVsSPu8bWlCY26CfHrymBxbpUcipW0lSKbq74mcxsaM4tB2xhQHZt6biP957QyjiyAXSZohT9hsUZRJgopM/ic9oTlDObKEMi3srYQNqKYMbUplG4I3//Ii8U9rlzX39qxavyrSKMEhHMEJeHAOdbiBBvjAQMEzvMKbg86L8+58zFqXnGLmAP7A+fwB+wmRQA==</latexit>



A bootstrap strategy to choose truncations

@N�N =
1

2
Tr

"✓
@2�N

@T 2
+RN

◆�1

@NRN

#

<latexit sha1_base64="sNbuy5JnftqjAeMyCHSfgB964G0="></latexit><latexit sha1_base64="sNbuy5JnftqjAeMyCHSfgB964G0="></latexit><latexit sha1_base64="sNbuy5JnftqjAeMyCHSfgB964G0="></latexit>

all relevant couplings at a fixed point should be included

• aim at quantitative determination of relevant critical exponents

)
<latexit sha1_base64="bgpPg3L+cE+EPY3uJkNqAO37urE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl26yYbdiVJCf4YXDype/Tfe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPRmWacZ8pqXQrpIZLkXAfBUreSjWncSh5MxxeT/zmI9dGqOQeRykPYtpPRCQYRSu1O3eiP0CqtXrqVqpuzZ2CLBKvIFUo0OhWvjo9xbKYJ8gkNabtuSkGOdUomOTjciczPKVsSPu8bWlCY26CfHrymBxbpUcipW0lSKbq74mcxsaM4tB2xhQHZt6biP957QyjiyAXSZohT9hsUZRJgopM/ic9oTlDObKEMi3srYQNqKYMbUplG4I3//Ii8U9rlzX39qxavyrSKMEhHMEJeHAOdbiBBvjAQMEzvMKbg86L8+58zFqXnGLmAP7A+fwB+wmRQA==</latexit><latexit sha1_base64="bgpPg3L+cE+EPY3uJkNqAO37urE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl26yYbdiVJCf4YXDype/Tfe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPRmWacZ8pqXQrpIZLkXAfBUreSjWncSh5MxxeT/zmI9dGqOQeRykPYtpPRCQYRSu1O3eiP0CqtXrqVqpuzZ2CLBKvIFUo0OhWvjo9xbKYJ8gkNabtuSkGOdUomOTjciczPKVsSPu8bWlCY26CfHrymBxbpUcipW0lSKbq74mcxsaM4tB2xhQHZt6biP957QyjiyAXSZohT9hsUZRJgopM/ic9oTlDObKEMi3srYQNqKYMbUplG4I3//Ii8U9rlzX39qxavyrSKMEhHMEJeHAOdbiBBvjAQMEzvMKbg86L8+58zFqXnGLmAP7A+fwB+wmRQA==</latexit><latexit sha1_base64="bgpPg3L+cE+EPY3uJkNqAO37urE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMVYwttKJvtpl26yYbdiVJCf4YXDype/Tfe/Ddu2xy09cHA470ZZuaFqRQGXffbWVpeWV1bL22UN7e2d3Yre/sPRmWacZ8pqXQrpIZLkXAfBUreSjWncSh5MxxeT/zmI9dGqOQeRykPYtpPRCQYRSu1O3eiP0CqtXrqVqpuzZ2CLBKvIFUo0OhWvjo9xbKYJ8gkNabtuSkGOdUomOTjciczPKVsSPu8bWlCY26CfHrymBxbpUcipW0lSKbq74mcxsaM4tB2xhQHZt6biP957QyjiyAXSZohT9hsUZRJgopM/ic9oTlDObKEMi3srYQNqKYMbUplG4I3//Ii8U9rlzX39qxavyrSKMEhHMEJeHAOdbiBBvjAQMEzvMKbg86L8+58zFqXnGLmAP7A+fwB+wmRQA==</latexit>

1. assume ordering principle in theory space (e.g., near-canonical) 

2. include all couplings expected to be relevant & leading irrelevant ones 

3. check ordering principle at fixed points in truncation
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A lightning review of FRG results in 2 and 3 dimensions

2d gravity

2d gravity with matter: multicritical points

Benchmarks:

[Kazakov, ’89] ✓m�1 =
2

m+ 1
2

<latexit sha1_base64="07ITv5DNI9MbIdzEKP/bdTwFOSw=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2ApCGKZKYK6EIpuXFawttAZSibNtKHJzJCcEcowT+DGV3HjQsWte3e+jelloa0/BL785xyS8weJ4Boc59sqLC2vrK4V10sbm1vbO/bu3r2OU0VZk8YiVu2AaCZ4xJrAQbB2ohiRgWCtYHg9rrcemNI8ju5glDBfkn7EQ04JGKtrVzwYMCDdTJ64+SX2QkVoVsszeTxFNze3vGuXnaozEV4EdwZlNFOja395vZimkkVABdG64zoJ+BlRwKlgeclLNUsIHZI+6xiMiGTazybr5LhinB4OY2VOBHji/p7IiNR6JAPTKQkM9HxtbP5X66QQnvsZj5IUWESnD4WpwBDjcTa4xxWjIEYGCFXc/BXTATExgEmwZEJw51dehGatelF1bk/L9atZGkV0gA7REXLRGaqjG9RATUTRI3pGr+jNerJerHfrY9pasGYz++iPrM8fVceb3g==</latexit><latexit sha1_base64="07ITv5DNI9MbIdzEKP/bdTwFOSw=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2ApCGKZKYK6EIpuXFawttAZSibNtKHJzJCcEcowT+DGV3HjQsWte3e+jelloa0/BL785xyS8weJ4Boc59sqLC2vrK4V10sbm1vbO/bu3r2OU0VZk8YiVu2AaCZ4xJrAQbB2ohiRgWCtYHg9rrcemNI8ju5glDBfkn7EQ04JGKtrVzwYMCDdTJ64+SX2QkVoVsszeTxFNze3vGuXnaozEV4EdwZlNFOja395vZimkkVABdG64zoJ+BlRwKlgeclLNUsIHZI+6xiMiGTazybr5LhinB4OY2VOBHji/p7IiNR6JAPTKQkM9HxtbP5X66QQnvsZj5IUWESnD4WpwBDjcTa4xxWjIEYGCFXc/BXTATExgEmwZEJw51dehGatelF1bk/L9atZGkV0gA7REXLRGaqjG9RATUTRI3pGr+jNerJerHfrY9pasGYz++iPrM8fVceb3g==</latexit><latexit sha1_base64="07ITv5DNI9MbIdzEKP/bdTwFOSw=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2ApCGKZKYK6EIpuXFawttAZSibNtKHJzJCcEcowT+DGV3HjQsWte3e+jelloa0/BL785xyS8weJ4Boc59sqLC2vrK4V10sbm1vbO/bu3r2OU0VZk8YiVu2AaCZ4xJrAQbB2ohiRgWCtYHg9rrcemNI8ju5glDBfkn7EQ04JGKtrVzwYMCDdTJ64+SX2QkVoVsszeTxFNze3vGuXnaozEV4EdwZlNFOja395vZimkkVABdG64zoJ+BlRwKlgeclLNUsIHZI+6xiMiGTazybr5LhinB4OY2VOBHji/p7IiNR6JAPTKQkM9HxtbP5X66QQnvsZj5IUWESnD4WpwBDjcTa4xxWjIEYGCFXc/BXTATExgEmwZEJw51dehGatelF1bk/L9atZGkV0gA7REXLRGaqjG9RATUTRI3pGr+jNerJerHfrY9pasGYz++iPrM8fVceb3g==</latexit>

[AE, Koslowski, ’14]

[Douglas, Shenker ’90; Brezin, Kazakov ’90; Gross, Migdal ’90]✓1 = 0.8
<latexit sha1_base64="OWcSIGsj07/Lb9Q2zcIB++xVqY0=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4CokI1oNQ9OKxgrGFJpTNdtMu3XywOxFK6N/w4kHFq7/Gm//GbZuDtj4YeLw3w8y8MJNCo+N8Wyura+sbm5Wt6vbO7t5+7eDwUae5YtxjqUxVJ6SaS5FwDwVK3skUp3EoeTsc3U799hNXWqTJA44zHsR0kIhIMIpG8n0ccqQ999qxG71a3bGdGcgycUtShxKtXu3L76csj3mCTFKtu66TYVBQhYJJPqn6ueYZZSM64F1DExpzHRSzmyfk1Ch9EqXKVIJkpv6eKGis9TgOTWdMcagXvan4n9fNMWoEhUiyHHnC5ouiXBJMyTQA0heKM5RjQyhTwtxK2JAqytDEVDUhuIsvLxPv3L6ynfuLevOmTKMCx3ACZ+DCJTThDlrgAYMMnuEV3qzcerHerY9564pVzhzBH1ifPxkekJo=</latexit><latexit sha1_base64="OWcSIGsj07/Lb9Q2zcIB++xVqY0=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4CokI1oNQ9OKxgrGFJpTNdtMu3XywOxFK6N/w4kHFq7/Gm//GbZuDtj4YeLw3w8y8MJNCo+N8Wyura+sbm5Wt6vbO7t5+7eDwUae5YtxjqUxVJ6SaS5FwDwVK3skUp3EoeTsc3U799hNXWqTJA44zHsR0kIhIMIpG8n0ccqQ999qxG71a3bGdGcgycUtShxKtXu3L76csj3mCTFKtu66TYVBQhYJJPqn6ueYZZSM64F1DExpzHRSzmyfk1Ch9EqXKVIJkpv6eKGis9TgOTWdMcagXvan4n9fNMWoEhUiyHHnC5ouiXBJMyTQA0heKM5RjQyhTwtxK2JAqytDEVDUhuIsvLxPv3L6ynfuLevOmTKMCx3ACZ+DCJTThDlrgAYMMnuEV3qzcerHerY9564pVzhzBH1ifPxkekJo=</latexit><latexit sha1_base64="OWcSIGsj07/Lb9Q2zcIB++xVqY0=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4CokI1oNQ9OKxgrGFJpTNdtMu3XywOxFK6N/w4kHFq7/Gm//GbZuDtj4YeLw3w8y8MJNCo+N8Wyura+sbm5Wt6vbO7t5+7eDwUae5YtxjqUxVJ6SaS5FwDwVK3skUp3EoeTsc3U799hNXWqTJA44zHsR0kIhIMIpG8n0ccqQ999qxG71a3bGdGcgycUtShxKtXu3L76csj3mCTFKtu66TYVBQhYJJPqn6ueYZZSM64F1DExpzHRSzmyfk1Ch9EqXKVIJkpv6eKGis9TgOTWdMcagXvan4n9fNMWoEhUiyHHnC5ouiXBJMyTQA0heKM5RjQyhTwtxK2JAqytDEVDUhuIsvLxPv3L6ynfuLevOmTKMCx3ACZ+DCJTThDlrgAYMMnuEV3qzcerHerY9564pVzhzBH1ifPxkekJo=</latexit>

[AE, Koslowski, ’13]
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<latexit sha1_base64="diu0EAMnBufj+0gPgTIwGh5BVGs=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBHVXdOOyQmMLTQyT6aQdOjMJMxOhhuKvuHGh4tYPceffOG2z0NYDFw7n3Mu990Qpo0o7zrdVWlpeWV0rr1c2Nre2d+zdvTuVZBITDycskZ0IKcKoIJ6mmpFOKgniESPtaHg98dsPRCqaiJYepSTgqC9oTDHSRgrtg35IYe5LDltyXPPTAb2nJ6FdderOFHCRuAWpggLN0P7yewnOOBEaM6RU13VSHeRIaooZGVf8TJEU4SHqk66hAnGignx6/RgeG6UH40SaEhpO1d8TOeJKjXhkOjnSAzXvTcT/vG6m44sgpyLNNBF4tijOGNQJnEQBe1QSrNnIEIQlNbdCPEASYW0Cq5gQ3PmXF4l3Wr+sO7dn1cZVkUYZHIIjUAMuOAcNcAOawAMYPIJn8ArerCfrxXq3PmatJauY2Qd/YH3+ANtQlGM=</latexit><latexit sha1_base64="diu0EAMnBufj+0gPgTIwGh5BVGs=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBHVXdOOyQmMLTQyT6aQdOjMJMxOhhuKvuHGh4tYPceffOG2z0NYDFw7n3Mu990Qpo0o7zrdVWlpeWV0rr1c2Nre2d+zdvTuVZBITDycskZ0IKcKoIJ6mmpFOKgniESPtaHg98dsPRCqaiJYepSTgqC9oTDHSRgrtg35IYe5LDltyXPPTAb2nJ6FdderOFHCRuAWpggLN0P7yewnOOBEaM6RU13VSHeRIaooZGVf8TJEU4SHqk66hAnGignx6/RgeG6UH40SaEhpO1d8TOeJKjXhkOjnSAzXvTcT/vG6m44sgpyLNNBF4tijOGNQJnEQBe1QSrNnIEIQlNbdCPEASYW0Cq5gQ3PmXF4l3Wr+sO7dn1cZVkUYZHIIjUAMuOAcNcAOawAMYPIJn8ArerCfrxXq3PmatJauY2Qd/YH3+ANtQlGM=</latexit><latexit sha1_base64="diu0EAMnBufj+0gPgTIwGh5BVGs=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBHVXdOOyQmMLTQyT6aQdOjMJMxOhhuKvuHGh4tYPceffOG2z0NYDFw7n3Mu990Qpo0o7zrdVWlpeWV0rr1c2Nre2d+zdvTuVZBITDycskZ0IKcKoIJ6mmpFOKgniESPtaHg98dsPRCqaiJYepSTgqC9oTDHSRgrtg35IYe5LDltyXPPTAb2nJ6FdderOFHCRuAWpggLN0P7yewnOOBEaM6RU13VSHeRIaooZGVf8TJEU4SHqk66hAnGignx6/RgeG6UH40SaEhpO1d8TOeJKjXhkOjnSAzXvTcT/vG6m44sgpyLNNBF4tijOGNQJnEQBe1QSrNnIEIQlNbdCPEASYW0Cq5gQ3PmXF4l3Wr+sO7dn1cZVkUYZHIIjUAMuOAcNcAOawAMYPIJn8ArerCfrxXq3PmatJauY2Qd/YH3+ANtQlGM=</latexit>

gi,j,kTr(�
i) Tr(�j) Tr(�k)

<latexit sha1_base64="RxTAxjIUtcxKl07W/yKUPvhDkjc=">AAACJnicbZDLSsNAFIYn9VbrLerSzWARWiglFUHdSNGNywqNLTQxTKaTdprJhZmJUELexo2v4kbwgrjzUZy2WdjWHwZ+vnMOZ87vxowKaRjfWmFldW19o7hZ2tre2d3T9w/uRZRwTEwcsYh3XSQIoyExJZWMdGNOUOAy0nH9m0m980i4oFHYluOY2AEahNSjGEmFHP1q4KS0Nqr5GUwtHsA2zypWPKQPtGrV5sloifhVRy8bdWMquGwauSmDXC1Hf7P6EU4CEkrMkBC9hhFLO0VcUsxIVrISQWKEfTQgPWVDFBBhp9M7M3iiSB96EVcvlHBK/06kKBBiHLiqM0ByKBZrE/hfrZdI78JOaRgnkoR4tshLGJQRnIQG+5QTLNlYGYQ5VX+FeIg4wlJFW1IhNBZPXjbmaf2ybtydlZvXeRpFcASOQQU0wDloglvQAibA4Am8gHfwoT1rr9qn9jVrLWj5zCGYk/bzC8MLpNs=</latexit><latexit sha1_base64="RxTAxjIUtcxKl07W/yKUPvhDkjc=">AAACJnicbZDLSsNAFIYn9VbrLerSzWARWiglFUHdSNGNywqNLTQxTKaTdprJhZmJUELexo2v4kbwgrjzUZy2WdjWHwZ+vnMOZ87vxowKaRjfWmFldW19o7hZ2tre2d3T9w/uRZRwTEwcsYh3XSQIoyExJZWMdGNOUOAy0nH9m0m980i4oFHYluOY2AEahNSjGEmFHP1q4KS0Nqr5GUwtHsA2zypWPKQPtGrV5sloifhVRy8bdWMquGwauSmDXC1Hf7P6EU4CEkrMkBC9hhFLO0VcUsxIVrISQWKEfTQgPWVDFBBhp9M7M3iiSB96EVcvlHBK/06kKBBiHLiqM0ByKBZrE/hfrZdI78JOaRgnkoR4tshLGJQRnIQG+5QTLNlYGYQ5VX+FeIg4wlJFW1IhNBZPXjbmaf2ybtydlZvXeRpFcASOQQU0wDloglvQAibA4Am8gHfwoT1rr9qn9jVrLWj5zCGYk/bzC8MLpNs=</latexit><latexit sha1_base64="RxTAxjIUtcxKl07W/yKUPvhDkjc=">AAACJnicbZDLSsNAFIYn9VbrLerSzWARWiglFUHdSNGNywqNLTQxTKaTdprJhZmJUELexo2v4kbwgrjzUZy2WdjWHwZ+vnMOZ87vxowKaRjfWmFldW19o7hZ2tre2d3T9w/uRZRwTEwcsYh3XSQIoyExJZWMdGNOUOAy0nH9m0m980i4oFHYluOY2AEahNSjGEmFHP1q4KS0Nqr5GUwtHsA2zypWPKQPtGrV5sloifhVRy8bdWMquGwauSmDXC1Hf7P6EU4CEkrMkBC9hhFLO0VcUsxIVrISQWKEfTQgPWVDFBBhp9M7M3iiSB96EVcvlHBK/06kKBBiHLiqM0ByKBZrE/hfrZdI78JOaRgnkoR4tshLGJQRnIQG+5QTLNlYGYQ5VX+FeIg4wlJFW1IhNBZPXjbmaf2ybtydlZvXeRpFcASOQQU0wDloglvQAibA4Am8gHfwoT1rr9qn9jVrLWj5zCGYk/bzC8MLpNs=</latexit>



A lightning review of FRG results in 2 and 3 dimensions

2d gravity

2d gravity with matter: multicritical points

Benchmarks:

[Kazakov, ’89] ✓m�1 =
2

m+ 1
2

<latexit sha1_base64="07ITv5DNI9MbIdzEKP/bdTwFOSw=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2ApCGKZKYK6EIpuXFawttAZSibNtKHJzJCcEcowT+DGV3HjQsWte3e+jelloa0/BL785xyS8weJ4Boc59sqLC2vrK4V10sbm1vbO/bu3r2OU0VZk8YiVu2AaCZ4xJrAQbB2ohiRgWCtYHg9rrcemNI8ju5glDBfkn7EQ04JGKtrVzwYMCDdTJ64+SX2QkVoVsszeTxFNze3vGuXnaozEV4EdwZlNFOja395vZimkkVABdG64zoJ+BlRwKlgeclLNUsIHZI+6xiMiGTazybr5LhinB4OY2VOBHji/p7IiNR6JAPTKQkM9HxtbP5X66QQnvsZj5IUWESnD4WpwBDjcTa4xxWjIEYGCFXc/BXTATExgEmwZEJw51dehGatelF1bk/L9atZGkV0gA7REXLRGaqjG9RATUTRI3pGr+jNerJerHfrY9pasGYz++iPrM8fVceb3g==</latexit><latexit sha1_base64="07ITv5DNI9MbIdzEKP/bdTwFOSw=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2ApCGKZKYK6EIpuXFawttAZSibNtKHJzJCcEcowT+DGV3HjQsWte3e+jelloa0/BL785xyS8weJ4Boc59sqLC2vrK4V10sbm1vbO/bu3r2OU0VZk8YiVu2AaCZ4xJrAQbB2ohiRgWCtYHg9rrcemNI8ju5glDBfkn7EQ04JGKtrVzwYMCDdTJ64+SX2QkVoVsszeTxFNze3vGuXnaozEV4EdwZlNFOja395vZimkkVABdG64zoJ+BlRwKlgeclLNUsIHZI+6xiMiGTazybr5LhinB4OY2VOBHji/p7IiNR6JAPTKQkM9HxtbP5X66QQnvsZj5IUWESnD4WpwBDjcTa4xxWjIEYGCFXc/BXTATExgEmwZEJw51dehGatelF1bk/L9atZGkV0gA7REXLRGaqjG9RATUTRI3pGr+jNerJerHfrY9pasGYz++iPrM8fVceb3g==</latexit><latexit sha1_base64="07ITv5DNI9MbIdzEKP/bdTwFOSw=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2ApCGKZKYK6EIpuXFawttAZSibNtKHJzJCcEcowT+DGV3HjQsWte3e+jelloa0/BL785xyS8weJ4Boc59sqLC2vrK4V10sbm1vbO/bu3r2OU0VZk8YiVu2AaCZ4xJrAQbB2ohiRgWCtYHg9rrcemNI8ju5glDBfkn7EQ04JGKtrVzwYMCDdTJ64+SX2QkVoVsszeTxFNze3vGuXnaozEV4EdwZlNFOja395vZimkkVABdG64zoJ+BlRwKlgeclLNUsIHZI+6xiMiGTazybr5LhinB4OY2VOBHji/p7IiNR6JAPTKQkM9HxtbP5X66QQnvsZj5IUWESnD4WpwBDjcTa4xxWjIEYGCFXc/BXTATExgEmwZEJw51dehGatelF1bk/L9atZGkV0gA7REXLRGaqjG9RATUTRI3pGr+jNerJerHfrY9pasGYz++iPrM8fVceb3g==</latexit>

[AE, Koslowski, ’14]

[Douglas, Shenker ’90; Brezin, Kazakov ’90; Gross, Migdal ’90]✓1 = 0.8
<latexit sha1_base64="OWcSIGsj07/Lb9Q2zcIB++xVqY0=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4CokI1oNQ9OKxgrGFJpTNdtMu3XywOxFK6N/w4kHFq7/Gm//GbZuDtj4YeLw3w8y8MJNCo+N8Wyura+sbm5Wt6vbO7t5+7eDwUae5YtxjqUxVJ6SaS5FwDwVK3skUp3EoeTsc3U799hNXWqTJA44zHsR0kIhIMIpG8n0ccqQ999qxG71a3bGdGcgycUtShxKtXu3L76csj3mCTFKtu66TYVBQhYJJPqn6ueYZZSM64F1DExpzHRSzmyfk1Ch9EqXKVIJkpv6eKGis9TgOTWdMcagXvan4n9fNMWoEhUiyHHnC5ouiXBJMyTQA0heKM5RjQyhTwtxK2JAqytDEVDUhuIsvLxPv3L6ynfuLevOmTKMCx3ACZ+DCJTThDlrgAYMMnuEV3qzcerHerY9564pVzhzBH1ifPxkekJo=</latexit><latexit sha1_base64="OWcSIGsj07/Lb9Q2zcIB++xVqY0=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4CokI1oNQ9OKxgrGFJpTNdtMu3XywOxFK6N/w4kHFq7/Gm//GbZuDtj4YeLw3w8y8MJNCo+N8Wyura+sbm5Wt6vbO7t5+7eDwUae5YtxjqUxVJ6SaS5FwDwVK3skUp3EoeTsc3U799hNXWqTJA44zHsR0kIhIMIpG8n0ccqQ999qxG71a3bGdGcgycUtShxKtXu3L76csj3mCTFKtu66TYVBQhYJJPqn6ueYZZSM64F1DExpzHRSzmyfk1Ch9EqXKVIJkpv6eKGis9TgOTWdMcagXvan4n9fNMWoEhUiyHHnC5ouiXBJMyTQA0heKM5RjQyhTwtxK2JAqytDEVDUhuIsvLxPv3L6ynfuLevOmTKMCx3ACZ+DCJTThDlrgAYMMnuEV3qzcerHerY9564pVzhzBH1ifPxkekJo=</latexit><latexit sha1_base64="OWcSIGsj07/Lb9Q2zcIB++xVqY0=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4CokI1oNQ9OKxgrGFJpTNdtMu3XywOxFK6N/w4kHFq7/Gm//GbZuDtj4YeLw3w8y8MJNCo+N8Wyura+sbm5Wt6vbO7t5+7eDwUae5YtxjqUxVJ6SaS5FwDwVK3skUp3EoeTsc3U799hNXWqTJA44zHsR0kIhIMIpG8n0ccqQ999qxG71a3bGdGcgycUtShxKtXu3L76csj3mCTFKtu66TYVBQhYJJPqn6ueYZZSM64F1DExpzHRSzmyfk1Ch9EqXKVIJkpv6eKGis9TgOTWdMcagXvan4n9fNMWoEhUiyHHnC5ouiXBJMyTQA0heKM5RjQyhTwtxK2JAqytDEVDUhuIsvLxPv3L6ynfuLevOmTKMCx3ACZ+DCJTThDlrgAYMMnuEV3qzcerHerY9564pVzhzBH1ifPxkekJo=</latexit>

[AE, Koslowski, ’13]

giTr(�
i)

<latexit sha1_base64="diu0EAMnBufj+0gPgTIwGh5BVGs=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBHVXdOOyQmMLTQyT6aQdOjMJMxOhhuKvuHGh4tYPceffOG2z0NYDFw7n3Mu990Qpo0o7zrdVWlpeWV0rr1c2Nre2d+zdvTuVZBITDycskZ0IKcKoIJ6mmpFOKgniESPtaHg98dsPRCqaiJYepSTgqC9oTDHSRgrtg35IYe5LDltyXPPTAb2nJ6FdderOFHCRuAWpggLN0P7yewnOOBEaM6RU13VSHeRIaooZGVf8TJEU4SHqk66hAnGignx6/RgeG6UH40SaEhpO1d8TOeJKjXhkOjnSAzXvTcT/vG6m44sgpyLNNBF4tijOGNQJnEQBe1QSrNnIEIQlNbdCPEASYW0Cq5gQ3PmXF4l3Wr+sO7dn1cZVkUYZHIIjUAMuOAcNcAOawAMYPIJn8ArerCfrxXq3PmatJauY2Qd/YH3+ANtQlGM=</latexit><latexit sha1_base64="diu0EAMnBufj+0gPgTIwGh5BVGs=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBHVXdOOyQmMLTQyT6aQdOjMJMxOhhuKvuHGh4tYPceffOG2z0NYDFw7n3Mu990Qpo0o7zrdVWlpeWV0rr1c2Nre2d+zdvTuVZBITDycskZ0IKcKoIJ6mmpFOKgniESPtaHg98dsPRCqaiJYepSTgqC9oTDHSRgrtg35IYe5LDltyXPPTAb2nJ6FdderOFHCRuAWpggLN0P7yewnOOBEaM6RU13VSHeRIaooZGVf8TJEU4SHqk66hAnGignx6/RgeG6UH40SaEhpO1d8TOeJKjXhkOjnSAzXvTcT/vG6m44sgpyLNNBF4tijOGNQJnEQBe1QSrNnIEIQlNbdCPEASYW0Cq5gQ3PmXF4l3Wr+sO7dn1cZVkUYZHIIjUAMuOAcNcAOawAMYPIJn8ArerCfrxXq3PmatJauY2Qd/YH3+ANtQlGM=</latexit><latexit sha1_base64="diu0EAMnBufj+0gPgTIwGh5BVGs=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBHVXdOOyQmMLTQyT6aQdOjMJMxOhhuKvuHGh4tYPceffOG2z0NYDFw7n3Mu990Qpo0o7zrdVWlpeWV0rr1c2Nre2d+zdvTuVZBITDycskZ0IKcKoIJ6mmpFOKgniESPtaHg98dsPRCqaiJYepSTgqC9oTDHSRgrtg35IYe5LDltyXPPTAb2nJ6FdderOFHCRuAWpggLN0P7yewnOOBEaM6RU13VSHeRIaooZGVf8TJEU4SHqk66hAnGignx6/RgeG6UH40SaEhpO1d8TOeJKjXhkOjnSAzXvTcT/vG6m44sgpyLNNBF4tijOGNQJnEQBe1QSrNnIEIQlNbdCPEASYW0Cq5gQ3PmXF4l3Wr+sO7dn1cZVkUYZHIIjUAMuOAcNcAOawAMYPIJn8ArerCfrxXq3PmatJauY2Qd/YH3+ANtQlGM=</latexit>

gi,j,kTr(�
i) Tr(�j) Tr(�k)

<latexit sha1_base64="RxTAxjIUtcxKl07W/yKUPvhDkjc=">AAACJnicbZDLSsNAFIYn9VbrLerSzWARWiglFUHdSNGNywqNLTQxTKaTdprJhZmJUELexo2v4kbwgrjzUZy2WdjWHwZ+vnMOZ87vxowKaRjfWmFldW19o7hZ2tre2d3T9w/uRZRwTEwcsYh3XSQIoyExJZWMdGNOUOAy0nH9m0m980i4oFHYluOY2AEahNSjGEmFHP1q4KS0Nqr5GUwtHsA2zypWPKQPtGrV5sloifhVRy8bdWMquGwauSmDXC1Hf7P6EU4CEkrMkBC9hhFLO0VcUsxIVrISQWKEfTQgPWVDFBBhp9M7M3iiSB96EVcvlHBK/06kKBBiHLiqM0ByKBZrE/hfrZdI78JOaRgnkoR4tshLGJQRnIQG+5QTLNlYGYQ5VX+FeIg4wlJFW1IhNBZPXjbmaf2ybtydlZvXeRpFcASOQQU0wDloglvQAibA4Am8gHfwoT1rr9qn9jVrLWj5zCGYk/bzC8MLpNs=</latexit><latexit sha1_base64="RxTAxjIUtcxKl07W/yKUPvhDkjc=">AAACJnicbZDLSsNAFIYn9VbrLerSzWARWiglFUHdSNGNywqNLTQxTKaTdprJhZmJUELexo2v4kbwgrjzUZy2WdjWHwZ+vnMOZ87vxowKaRjfWmFldW19o7hZ2tre2d3T9w/uRZRwTEwcsYh3XSQIoyExJZWMdGNOUOAy0nH9m0m980i4oFHYluOY2AEahNSjGEmFHP1q4KS0Nqr5GUwtHsA2zypWPKQPtGrV5sloifhVRy8bdWMquGwauSmDXC1Hf7P6EU4CEkrMkBC9hhFLO0VcUsxIVrISQWKEfTQgPWVDFBBhp9M7M3iiSB96EVcvlHBK/06kKBBiHLiqM0ByKBZrE/hfrZdI78JOaRgnkoR4tshLGJQRnIQG+5QTLNlYGYQ5VX+FeIg4wlJFW1IhNBZPXjbmaf2ybtydlZvXeRpFcASOQQU0wDloglvQAibA4Am8gHfwoT1rr9qn9jVrLWj5zCGYk/bzC8MLpNs=</latexit><latexit sha1_base64="RxTAxjIUtcxKl07W/yKUPvhDkjc=">AAACJnicbZDLSsNAFIYn9VbrLerSzWARWiglFUHdSNGNywqNLTQxTKaTdprJhZmJUELexo2v4kbwgrjzUZy2WdjWHwZ+vnMOZ87vxowKaRjfWmFldW19o7hZ2tre2d3T9w/uRZRwTEwcsYh3XSQIoyExJZWMdGNOUOAy0nH9m0m980i4oFHYluOY2AEahNSjGEmFHP1q4KS0Nqr5GUwtHsA2zypWPKQPtGrV5sloifhVRy8bdWMquGwauSmDXC1Hf7P6EU4CEkrMkBC9hhFLO0VcUsxIVrISQWKEfTQgPWVDFBBhp9M7M3iiSB96EVcvlHBK/06kKBBiHLiqM0ByKBZrE/hfrZdI78JOaRgnkoR4tshLGJQRnIQG+5QTLNlYGYQ5VX+FeIg4wlJFW1IhNBZPXjbmaf2ybtydlZvXeRpFcASOQQU0wDloglvQAibA4Am8gHfwoT1rr9qn9jVrLWj5zCGYk/bzC8MLpNs=</latexit>

reasonable results: 
simple truncations sufficient



A lightning review of FRG results in 2 and 3 dimensions

rank 3 complex:

dynamical decoupling unless additional symmetry  

is imposedg2,14,1 = g2,24,1 = g2,34,1
<latexit sha1_base64="1pjx1cYtTRam3v2bnuX3DKvMtE8=">AAACEXicbVBNS8MwGE7n15xfVY9egkNQkNHOgXoQhl48TrBusNWSZukWlqYlSYVR+hu8+Fe8eFDx6s2b/8Zs62EfPpDwvM/zviTv48eMSmVZv0ZhaXllda24XtrY3NreMXf3HmSUCEwcHLFItHwkCaOcOIoqRlqxICj0GWn6g5uR33wiQtKI36thTNwQ9TgNKEZKS5550vPS2qmdPaZVfV9NVdWZ6izzzLJVscaAi8TOSRnkaHjmT6cb4SQkXGGGpGzbVqzcFAlFMSNZqZNIEiM8QD3S1pSjkEg3Ha+UwSOtdGEQCX24gmN1eiJFoZTD0NedIVJ9Oe+NxP+8dqKCCzelPE4U4XjyUJAwqCI4ygd2qSBYsaEmCAuq/wpxHwmElU6xpEOw51deJE61clmx7mrl+nWeRhEcgENwDGxwDurgFjSAAzB4Bq/gHXwYL8ab8Wl8TVoLRj6zD2ZgfP8BudabMQ==</latexit><latexit sha1_base64="1pjx1cYtTRam3v2bnuX3DKvMtE8=">AAACEXicbVBNS8MwGE7n15xfVY9egkNQkNHOgXoQhl48TrBusNWSZukWlqYlSYVR+hu8+Fe8eFDx6s2b/8Zs62EfPpDwvM/zviTv48eMSmVZv0ZhaXllda24XtrY3NreMXf3HmSUCEwcHLFItHwkCaOcOIoqRlqxICj0GWn6g5uR33wiQtKI36thTNwQ9TgNKEZKS5550vPS2qmdPaZVfV9NVdWZ6izzzLJVscaAi8TOSRnkaHjmT6cb4SQkXGGGpGzbVqzcFAlFMSNZqZNIEiM8QD3S1pSjkEg3Ha+UwSOtdGEQCX24gmN1eiJFoZTD0NedIVJ9Oe+NxP+8dqKCCzelPE4U4XjyUJAwqCI4ygd2qSBYsaEmCAuq/wpxHwmElU6xpEOw51deJE61clmx7mrl+nWeRhEcgENwDGxwDurgFjSAAzB4Bq/gHXwYL8ab8Wl8TVoLRj6zD2ZgfP8BudabMQ==</latexit><latexit sha1_base64="1pjx1cYtTRam3v2bnuX3DKvMtE8=">AAACEXicbVBNS8MwGE7n15xfVY9egkNQkNHOgXoQhl48TrBusNWSZukWlqYlSYVR+hu8+Fe8eFDx6s2b/8Zs62EfPpDwvM/zviTv48eMSmVZv0ZhaXllda24XtrY3NreMXf3HmSUCEwcHLFItHwkCaOcOIoqRlqxICj0GWn6g5uR33wiQtKI36thTNwQ9TgNKEZKS5550vPS2qmdPaZVfV9NVdWZ6izzzLJVscaAi8TOSRnkaHjmT6cb4SQkXGGGpGzbVqzcFAlFMSNZqZNIEiM8QD3S1pSjkEg3Ha+UwSOtdGEQCX24gmN1eiJFoZTD0NedIVJ9Oe+NxP+8dqKCCzelPE4U4XjyUJAwqCI4ygd2qSBYsaEmCAuq/wpxHwmElU6xpEOw51deJE61clmx7mrl+nWeRhEcgENwDGxwDurgFjSAAzB4Bq/gHXwYL8ab8Wl8TVoLRj6zD2ZgfP8BudabMQ==</latexit>

[AE, Koslowski, ’17]

�g2
4,2

= (3 + 2⌘)g24,2 +
6� ⌘

15

⇣�
g24,2

�2
+ 2g24,2

⇣
g2,14,1 + g2,24,1 + g2,34,1

⌘
+ 2 g2,14,1 g

2,2
4,1 + 2 g2,14,1 g

2,3
4,1 + 2 g2,24,1 g

2,3
4,1

⌘

<latexit sha1_base64="dPxbJIEucM9esH/sjujadfTDF2A="></latexit><latexit sha1_base64="dPxbJIEucM9esH/sjujadfTDF2A="></latexit><latexit sha1_base64="dPxbJIEucM9esH/sjujadfTDF2A="></latexit>

shifted Gaussian fixed point (= interacting)

+

+…



A lightning review of FRG results in 2 and 3 dimensions

rank 3 complex: [AE, Koslowski, ’17]

cyclic melonic (dimensional reduction)

quartic{
<latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit>

hexic{
<latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit>

quartic{
<latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit> <latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit> <latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit>

hexic{
<latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit> <latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit> <latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit>

{
<latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit>

different 
approximations 
for anomalous 

dimension



A lightning review of FRG results in 2 and 3 dimensions

rank 3 complex: [AE, Koslowski, ’17]

cyclic melonic (dimensional reduction)

quartic{
<latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit>

hexic{
<latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit>

quartic{
<latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit> <latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit> <latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit>

hexic{
<latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit> <latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit> <latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit>

{
<latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit>

different 
approximations 
for anomalous 

dimension



A lightning review of FRG results in 2 and 3 dimensions

rank 3 complex: [AE, Koslowski, ’17]

cyclic melonic (dimensional reduction)

quartic{
<latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit>

hexic{
<latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit>

quartic{
<latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit> <latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit> <latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit>

hexic{
<latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit> <latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit> <latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit>

{
<latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit>

different 
approximations 
for anomalous 

dimension

matrix-model like 
(matrix-model critical exponent from tensor model:

AE, Koslowski, Lumma, Pereira: to appear)



A lightning review of FRG results in 2 and 3 dimensions

rank 3 complex: [AE, Koslowski, ’17]

cyclic melonic (dimensional reduction)

quartic{
<latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit>

hexic{
<latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit>

quartic{
<latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit> <latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit> <latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit>

hexic{
<latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit> <latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit> <latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit>

{
<latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit>

different 
approximations 
for anomalous 

dimension

cyclic melonic  meets multitrace 
 (dimensional reduction?)



A lightning review of FRG results in 2 and 3 dimensions

rank 3 complex: [AE, Koslowski, ’17]

cyclic melonic (dimensional reduction)

quartic{
<latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit>

hexic{
<latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit>

quartic{
<latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit> <latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit> <latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit>

hexic{
<latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit> <latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit> <latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit>

{
<latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit><latexit sha1_base64="pVgR+9hE/T4ZEXw/ep9LnYI95GA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd/NetebW3RnIMvEKUoMCzV71q9tPWBajNExQrTuem5ogp8pwJnBS6WYaU8pGdIAdSyWNUQf57NIJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0bdLnCpkRY0soU9zeStiQKsqMDadiQ/AWX14m/ln9qu7endca10UaZTiCYzgFDy6gAbfQBB8YRPAMr/DmjJwX5935mLeWnGLmEP7A+fwBCTiNOA==</latexit>

different 
approximations 
for anomalous 

dimension

cyclic melonic  meets multitrace 
 (dimensional reduction?)

rank 3 real: talk by Johannes Lumma



Summary

functional RG: tool to search for universal continuum limit

local coarse graining 
with background: 

non-local coarse graining 
without background: 

local QFT of the metric tensor models

motivation: continuum limit generates predictivity

RG in background-independent case:  

• determines canonical scaling dimensions in large N limit 
• reproduces benchmark results in 2d models 
• provides candidates for universality classes in rank 3



Outlook

• rank 4 (real and complex)

• connection to CDTs/EDTs

• emergent geometries?


