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Strong dynamics = rich dynamics

• Example:  physical QCD 

- Well-defined fundamental limit: asymptotic freedom  

- Colour confinement  

๏ Absence of coloured asymptotic states 

๏ Massive spectrum of gauge resonances 

- Dynamical chiral symmetry breaking 

๏ Chiral condensate and massive spectrum of hadrons 

๏ Nuclear forces  

- Axial anomaly  

- Exotic phases at finite temperature and density 

- …
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<latexit sha1_base64="62Tkg9xvsdEcVxyf+tMhBNaPIuc=">AAACGnicbVBLSwMxGMzWV62vqkcvwSJ4kLKrUj0WPeixgn1Ad1myadqG5rEkWaEs/R1e/CtePCjiTbz4b0y3e9DWgcBkZj6Sb6KYUW1c99spLC2vrK4V10sbm1vbO+XdvZaWicKkiSWTqhMhTRgVpGmoYaQTK4J4xEg7Gl1P/fYDUZpKcW/GMQk4GgjapxgZK4Vlj4eprziMlTRSTHxNOfRgJt2Q1ux+5p/APJbEk7BccatuBrhIvJxUQI5GWP70exInnAiDGdK667mxCVKkDMWMTEp+okmM8AgNSNdSgTjRQZqtNoFHVunBvlT2CAMz9fdEirjWYx7ZJEdmqOe9qfif101M/zJIqYgTQwSePdRPGDQSTnuCPaoINmxsCcKK2r9CPEQKYWPbLNkSvPmVF0nrtOrVqrW780r9Kq+jCA7AITgGHrgAdXALGqAJMHgEz+AVvDlPzovz7nzMogUnn9kHf+B8/QBaXqBw</latexit>

mproton → 1GeV → 3mup
<latexit sha1_base64="zo7yaKVMlpOXaY2aZ3agnDp/uAk="></latexit>

mup → h↑ω̄ω↓1/3 +mHiggs

up

<latexit sha1_base64="xHFr09axPbdF563ZoiHQBSeKQYk=">AAACCnicbVDLSgMxFM34rPU16tJNtAiCUmaqVpdFN26ECvYBnaFk0kwbmmSGJCOUoWs3/oobF4q49Qvc+Tem7Sxq64ELJ+fcS+49Qcyo0o7zYy0sLi2vrObW8usbm1vb9s5uXUWJxKSGIxbJZoAUYVSQmqaakWYsCeIBI42gfzPyG49EKhqJBz2Iic9RV9CQYqSN1LYPPEU5PLtwvNPUkxzekfrwBJamXm274BSdMeA8cTNSABmqbfvb60Q44URozJBSLdeJtZ8iqSlmZJj3EkVihPuoS1qGCsSJ8tPxKUN4ZJQODCNpSmg4VqcnUsSVGvDAdHKke2rWG4n/ea1Eh1d+SkWcaCLw5KMwYVBHcJQL7FBJsGYDQxCW1OwKcQ9JhLVJL29CcGdPnif1UtEtF8v354XKdRZHDuyDQ3AMXHAJKuAWVEENYPAEXsAbeLeerVfrw/qctC5Y2cwe+APr6xcQ5pig</latexit>→ 350MeV + 2MeV
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- New dynamics? 

- New physics?
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d�SB
<latexit sha1_base64="GqZ9T7zhlLY5JzS4rLPlqyk2Yb8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1elogomTcL1f8qj8HWiVBTiqQo9Evf/UGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7vFJ05ZYBipV1Ji+bq74kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmz6MB05RYPnEEE83crYiMsMbEuohKLoRg+eVV0rqoBrVq7f6yUr/J4yjCCZzCOQRwBXW4gwY0gQCHZ3iFN+/Re/HevY9Fa8HLZ47hD7zPH85mj9Y=</latexit>

conf
<latexit sha1_base64="rcgAY+Pi1nvjzl5NkcYUp46Ei58=">AAAB6XicbVBNS8NAEJ34WetX1aOXxaJ4KolI9Vj04rGK/YA2lM120i7dbMLuRiih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9dM96pbJbcWcgy8TLSRly1Hulr24/ZmmE0jBBte54bmL8jCrDmcBJsZtqTCgb0QF2LJU0Qu1ns0sn5NQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw2s+4TFKDks0XhakgJibTt0mfK2RGjC2hTHF7K2FDqigzNpyiDcFbfHmZNC8qXrVSvb8s127yOApwDCdwDh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeuuLkM0fwB87nDx5CjRs=</latexit>

&

<latexit sha1_base64="1Mk+XGqT4P5+DGoJlzm/ajg7WCM=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0Wom5KIVJdFNy4rmrbQhDKZTNqhk0mch1BDv8SNC0Xc+inu/BunbRbaeuDC4Zx7ufeeMGNUKsf5tlZW19Y3Nktb5e2d3b2KvX/QlqkWmHg4ZanohkgSRjnxFFWMdDNBUBIy0glH11O/80iEpCm/V+OMBAkacBpTjJSR+nYl90UC77xJzX/QKDrt21Wn7swAl4lbkCoo0OrbX36UYp0QrjBDUvZcJ1NBjoSimJFJ2deSZAiP0ID0DOUoITLIZ4dP4IlRIhinwhRXcKb+nshRIuU4CU1ngtRQLnpT8T+vp1V8GeSUZ1oRjueLYs2gSuE0BRhRQbBiY0MQFtTcCvEQCYSVyapsQnAXX14m7bO626g3bs+rzasijhI4AsegBlxwAZrgBrSABzDQ4Bm8gjfryXqx3q2PeeuKVcwcgj+wPn8A6eCSnw==</latexit>

SU( )

<latexit sha1_base64="BDqPCEcU98LL90Nd07liN/9YAFo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWw2m3bp7ibuboQS+ie8eFDEq3/Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wuZ373SeqNIvlg5km1Bd4JFnECDZW6g2UQFEqw2G15tbdHGiVeAWpQYHWsPo1CGOSCioN4Vjrvucmxs+wMoxwOqsMUk0TTCZ4RPuWSiyo9rP83hk6s0qIoljZkgbl6u+JDAutpyKwnQKbsV725uJ/Xj810bWfMZmkhkqyWBSlHJkYzZ9HIVOUGD61BBPF7K2IjLHCxNiIKjYEb/nlVdK5qHuNeuP+sta8KeIowwmcwjl4cAVNuIMWtIEAh2d4hTfn0Xlx3p2PRWvJKWaO4Q+czx/ZF4/d</latexit>
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Challenges:  

• Non-perturbative 

• Expensive 

• Tricky limits (eg. chiral, near-conformal,…) 

• Versatility 

• …
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Strong dynamics = rich dynamics

• Example:  physical QCD 

- Well-defined fundamental limit: asymptotic freedom  

- Colour confinement  

๏ Absence of coloured asymptotic states 

๏ Massive spectrum of gauge resonances 

- Dynamical chiral symmetry breaking 

๏ Chiral condensate and massive spectrum of hadrons 

๏ Nuclear forces  

- Axial anomaly  

- Exotic phases at finite temperature and density 

- …
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• QFTs beyond QCD: 

- New dynamics? 

- New physics?
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Functional methods
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Phases of QCD-like and chiral gauge theories

1. The functional RG and the approach gauge-fermion theories 

i. Colour confinement in correlation functions 

ii. Dynamical symmetry breaking 

2. Phases of QCD-like theories (many colours and flavours) 

3. Phases of chiral gauge theories 

4. Conclusions

3

Goertz,APG,Pawlowski[2412.12254]

Li,APG,Vatani,Xu[2507.21208] 
Li,APG,Vatani[2603.19355]
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fRG for gauge-fermion QFTs

Kenninji Temple, Kyoto
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Functional Renormalisation Group

Wetterich ’93

Flow equation:
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@t ⌘ k @k

• Exact 

• Non-perturbative 

• One loop 

• Diagrammatic 

• Mass-dependent 

• Analytic regulators 

• Versatile 

• Real-time formulation 

• UV-IR finite 

• Systematic expansion 
schemes 

…
 

• Progressive integration of momentum shells: 

• Effective average action:  

- Average action of fields over a   space-time volume  

- Kadanoff’s block-spinning idea in the continuum limit

k−d
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k ⇠ T ⇠ hpiIR cutoff scale:

Wetterich ’89
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➡ Pedagogical introduction: Gies [0611146] Dupuis,et.al [2006.04853]➡ Review:
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Many flavour and colours
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Some results in gauge-fermion theories
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Colour confinement
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Real time properties
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Real time properties

Pawlowski,Wink,Strodthoff[1711.07444]
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Fundamental, first principles. Necessary ingredients: symmetries and 

relevant deformation ☛ predictions for LEFTs

Physics in correlation functions: 

Colour confinement, dynamical symmetry breaking and/or anything else



Colour confinement

Otaru, Hokkaido
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Colour confinement and the gluon mass gap

8

Wilson’74

Polyakov’75

• Observables: 

• Absence of coloured asymptotic states 

• Massive spectrum of bound states (glueballs) 

• Hand in hand with existence of a gluon mass gap: 

- Area law 

- Confinement-deconfinement phase transition
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Colour confinement and the gluon mass gap

8

• Functional bootstrap approach: 

- Gluon mass gap generated by quantum fluctuations 

- Agnostic to precise mechanism (eg. Schwinger, quartet 
mechanisms) but accounted by non-perturbative approaches 

- How we know its confinement?  

๏ Kugo-Ojima criterion 

• Sufficient conditions:  

- Massive spectrum of physical states in the Hilbert 

space and a global BRST transformation 

• Unique IR scaling of correlation functions
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Alkofer,von Smekal’96’00 Pawlowski,Litim,Nedelko,von Smekal[hep-th/0312324]  
Fischer, Maas, Pawlowski[0810.1987] Cyrol,Fister,Mitter,Pawlowski [1605.01856]

Kugo[hep-th/9511033]

Kugo, Ojima’79 
 Nakanishi,Ojima’90  

Wilson’74

Polyakov’75

• Observables: 

• Absence of coloured asymptotic states 

• Massive spectrum of bound states (glueballs) 

• Hand in hand with existence of a gluon mass gap: 

- Area law 

- Confinement-deconfinement phase transition
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• Functional bootstrap approach: 

- Gluon mass gap generated by quantum fluctuations 

- Agnostic to precise mechanism (eg. Schwinger, quartet 
mechanisms) but accounted by non-perturbative approaches 

- How we know its confinement?  

๏ Kugo-Ojima criterion 

• Sufficient conditions:  

- Massive spectrum of physical states in the Hilbert 

space and a global BRST transformation 

• Unique IR scaling of correlation functions
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Alkofer,von Smekal’96’00 Pawlowski,Litim,Nedelko,von Smekal[hep-th/0312324]  
Fischer, Maas, Pawlowski[0810.1987] Cyrol,Fister,Mitter,Pawlowski [1605.01856]

Kugo[hep-th/9511033]

Kugo, Ojima’79 
 Nakanishi,Ojima’90  

Wilson’74

Polyakov’75

• Observables: 

• Absence of coloured asymptotic states 

• Massive spectrum of bound states (glueballs) 

• Hand in hand with existence of a gluon mass gap: 

- Area law 

- Confinement-deconfinement phase transition

“easy” confinement: 

- k dependences suffice  

- Semi-analytical (no heavy numerics)  

- Facilitate study beyond QCD-limit

Goertz,APG,Pawlowski[2412.12254]New*
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• Flows computed: 

• Exchange couplings: 

• Decay of correlation functions below the mass gap scale 

• The interplay of gapped gauge and ghost contributions 

• Signatures of Kugo-Ojima confinement in Landau gauge 

• IR constant  and   

• Zero crossing  

αAc̄c αA3

gA3
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Phase transition Nambu,Jona-Lasinio’60’61

Infinite correlation length:

<latexit sha1_base64="fjzmuapan4BZA9UdlYfz7GLbpEg=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiSmklSoMFawMBaJPqQmRI7jtFad2LIdpCrqzMKvsDCAECtfwMbf4LYZoOVIlo7OOVfX94SCUaUd59taWl5ZXVsvbZQ3t7Z3du29/bbimcSkhTnjshsiRRhNSUtTzUhXSIKSkJFOOLye+J0HIhXl6Z0eCeInqJ/SmGKkjRTYRx4z4QgFFHpCcqE5dM9gEuSeGNCAju9rgV1xqs4UcJG4BamAAs3A/vIijrOEpBozpFTPdYT2cyQ1xYyMy16miEB4iPqkZ2iKEqL8fHrKGJ4YJYIxl+alGk7V3xM5SpQaJaFJJkgP1Lw3Ef/zepmOL/2cpiLTJMWzRXHGoDl40guMqCRYs5EhCEtq/grxAEmEtWmvbEpw509eJO1a1a1X67fnlcZVUUcJHIJjcApccAEa4AY0QQtg8AiewSt4s56sF+vd+phFl6xi5gD8gfX5Az5cmf4=</latexit>

ωi → 1/m2
ωi
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Dynamical symmetry breaking in the effective action

11

 a chiral QCD example

Stratonovich’57 Hubbard’59

0.1 1 10 100 1000
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<latexit sha1_base64="ktqCbi92C1pP32Ob8KEd5DtrXws=">AAACBnicbVBLSwMxGMz6rPW1KngRIVgET2W3h+pFKPXisQX7gO66ZLPZNjSbXZKsUJaevPhXPOhBEa8e/AXevPhbTB+gtg4EJjPfkHzjJ4xKZVmfxsLi0vLKam4tv76xubVt7uw2ZZwKTBo4ZrFo+0gSRjlpKKoYaSeCoMhnpOX3L0Z+64YISWN+pQYJcSPU5TSkGCkteeah4yMBHaYTAfIoPO9fl36unlmwitYYcJ7YU1Ko7Ne/6EP1veaZH04Q4zQiXGGGpOzYVqLcDAlFMSPDvJNKkiDcR13S0ZSjiEg3G68xhMdaCWAYC324gmP1dyJDkZSDyNeTEVI9OeuNxP+8TqrCMzejPEkV4XjyUJgyqGI46gQGVBCs2EAThAXVf4W4hwTCSjeX1yXYsyvPk2apaJeL5bpuowomyIEDcAROgA1OQQVcghpoAAxuwT14As/GnfFovBivk9EFY5rZA39gvH0DnJ6bqA==</latexit>

ω̄i = k2ωi

<latexit sha1_base64="ImkUGcMZDgrYSJzw2Kiuc0ihYOM="></latexit>

! =

∫

x

1

4
F a
µωF

a
µω + Lgf + Lgh + ωi

(
ε̄Tiε

)2
+ ϑi

(
ε̄Tiε

)3
+ . . .

0.1 1 10 100 1000
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1

104

<latexit sha1_base64="C+9f0vaXZUOa8P2vhAwCKT9+laU=">AAACFHicbVDLSsNAFJ1Uq7W+oi7dDC1CRShJF9WNUHTjsoJ9QBPDZDpph04ezEyEEvIRbvwVF7pQxK0Ld+KnuHHSuNDWAxcO59zLvfe4EaNCGsaHVlhaLq6sltbK6xubW9v6zm5XhDHHpINDFvK+iwRhNCAdSSUj/YgT5LuM9NzJeeb3bggXNAyu5DQito9GAfUoRlJJjn7kXzecxIrG1KHpKbQixCVFLJeURVPYreX2oaNXjboxA1wk5g+ptszKJ3oofrUd/d0ahjj2SSAxQ0IMTCOSdpKtwIykZSsWJEJ4gkZkoGiAfCLsZPZUCg+UMoReyFUFEs7U3xMJ8oWY+q7q9JEci3kvE//zBrH0TuyEBlEsSYDzRV7MoAxhlhAcUk6wZFNFEOZU3QrxGHGEpcqxrEIw519eJN1G3WzWm5cqjTOQowT2QQXUgAmOQQtcgDboAAxuwT14As/anfaovWiveWtB+5nZA3+gvX0D2oWhwQ==</latexit>

m2
ωi

= ωω2
i
V (εi)

<latexit sha1_base64="YjAgz3MP1JAwiGUveh0epIvFTPI=">AAAB+XicbVDLSgMxFM3UV62vUZdugkUQhDLTRXUjFN24rGAf0I5DJs20oUkmJJlCGfoF/oIbQUXc+ifu/BD3po+Fth64cDjnXu69J5KMauN5X05uZXVtfSO/Wdja3tndc/cPGjpJFSZ1nLBEtSKkCaOC1A01jLSkIohHjDSjwfXEbw6J0jQRd2YkScBRT9CYYmSsFLouvy+HWUf2aUjHl9CDoVv0St4UcJn4c1Ksnn0/P5CirIXuZ6eb4JQTYTBDWrd9T5ogQ8pQzMi40Ek1kQgPUI+0LRWIEx1k08vH8MQqXRgnypYwcKr+nsgQ13rEI9vJkenrRW8i/ue1UxNfBBkVMjVE4NmiOGXQJHASA+xSRbBhI0sQVtTeCnEfKYSNDatgQ/AXX14mjXLJr5QqtzaNKzBDHhyBY3AKfHAOquAG1EAdYDAEj+AFvDqZ8+S8Oe+z1pwznzkEf+B8/ADweZY/</latexit>

m2
ωi

= 0 <latexit sha1_base64="IgzbtK+Ks54odDPxGqMob2jD/zg=">AAAB9XicbVC7SgNBFJ2NrxhfUUtFBoNgFXYtomXQxjIB84BsDLOT2WTI7Owyc1ddlpT+g42FIra2+Q47v8GfcPIoNPHAhcM593LvPV4kuAbb/rIyS8srq2vZ9dzG5tb2Tn53r67DWFFWo6EIVdMjmgkuWQ04CNaMFCOBJ1jDG1yN/cYdU5qH8gaSiLUD0pPc55SAkW7dB45dCLHLpQ9JJ1+wi/YEeJE4M1IoH46q349Ho0on/+l2QxoHTAIVROuWY0fQTokCTgUb5txYs4jQAemxlqGSBEy308nVQ3xilC72Q2VKAp6ovydSEmidBJ7pDAj09bw3Fv/zWjH4F+2UyygGJul0kR8LbP4cR4C7XDEKIjGEUMXNrZj2iSIUTFA5E4Iz//IiqZ8VnVKxVDVpXKIpsugAHaNT5KBzVEbXqIJqiCKFntALerXurWfrzXqftmas2cw++gPr4wcaZpX6</latexit>

ω → ↑
<latexit sha1_base64="uPLmc2POV0ig5mUIaccKAv/uqdQ=">AAAB/HicbVDLSsNAFJ3UV62vaMGNm2ARXJXERXVZ6sZlC/YBTQiT6aQdOpmEmRshhPorblwo0q1f4Be4c+O3OH0stPXAwOGcc5l7T5BwpsC2v4zCxubW9k5xt7S3f3B4ZB6fdFScSkLbJOax7AVYUc4EbQMDTnuJpDgKOO0G49uZ332gUrFY3EOWUC/CQ8FCRjBoyTfLLtfhAfaZC7HlMhFC5psVu2rPYa0TZ0kq9dPWN5s2Ppq++ekOYpJGVADhWKm+Yyfg5VgCI5xOSm6qaILJGA9pX1OBI6q8fL78xLrQysAKY6mfAGuu/p7IcaRUFgU6GWEYqVVvJv7n9VMIb7yciSQFKsjiozDllr5z1oQ1YJIS4JkmmEimd7XICEtMQPdV0iU4qyevk85V1alVay3dRgMtUERn6BxdIgddozq6Q03URgRl6Am9oFfj0Xg23ozpIlowljNl9AfG+w+jWZh7</latexit>

ωi → ↑

Phase transition Nambu,Jona-Lasinio’60’61

Infinite correlation length:

<latexit sha1_base64="fjzmuapan4BZA9UdlYfz7GLbpEg=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiSmklSoMFawMBaJPqQmRI7jtFad2LIdpCrqzMKvsDCAECtfwMbf4LYZoOVIlo7OOVfX94SCUaUd59taWl5ZXVsvbZQ3t7Z3du29/bbimcSkhTnjshsiRRhNSUtTzUhXSIKSkJFOOLye+J0HIhXl6Z0eCeInqJ/SmGKkjRTYRx4z4QgFFHpCcqE5dM9gEuSeGNCAju9rgV1xqs4UcJG4BamAAs3A/vIijrOEpBozpFTPdYT2cyQ1xYyMy16miEB4iPqkZ2iKEqL8fHrKGJ4YJYIxl+alGk7V3xM5SpQaJaFJJkgP1Lw3Ef/zepmOL/2cpiLTJMWzRXHGoDl40guMqCRYs5EhCEtq/grxAEmEtWmvbEpw509eJO1a1a1X67fnlcZVUUcJHIJjcApccAEa4AY0QQtg8AiewSt4s56sF+vd+phFl6xi5gD8gfX5Az5cmf4=</latexit>

ωi → 1/m2
ωi
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 a chiral QCD example

Stratonovich’57 Hubbard’59

0.1 1 10 100 1000
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1
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<latexit sha1_base64="ktqCbi92C1pP32Ob8KEd5DtrXws=">AAACBnicbVBLSwMxGMz6rPW1KngRIVgET2W3h+pFKPXisQX7gO66ZLPZNjSbXZKsUJaevPhXPOhBEa8e/AXevPhbTB+gtg4EJjPfkHzjJ4xKZVmfxsLi0vLKam4tv76xubVt7uw2ZZwKTBo4ZrFo+0gSRjlpKKoYaSeCoMhnpOX3L0Z+64YISWN+pQYJcSPU5TSkGCkteeah4yMBHaYTAfIoPO9fl36unlmwitYYcJ7YU1Ko7Ne/6EP1veaZH04Q4zQiXGGGpOzYVqLcDAlFMSPDvJNKkiDcR13S0ZSjiEg3G68xhMdaCWAYC324gmP1dyJDkZSDyNeTEVI9OeuNxP+8TqrCMzejPEkV4XjyUJgyqGI46gQGVBCs2EAThAXVf4W4hwTCSjeX1yXYsyvPk2apaJeL5bpuowomyIEDcAROgA1OQQVcghpoAAxuwT14As/GnfFovBivk9EFY5rZA39gvH0DnJ6bqA==</latexit>

ω̄i = k2ωi

<latexit sha1_base64="ImkUGcMZDgrYSJzw2Kiuc0ihYOM="></latexit>

! =

∫

x

1

4
F a
µωF

a
µω + Lgf + Lgh + ωi

(
ε̄Tiε

)2
+ ϑi

(
ε̄Tiε

)3
+ . . .

0.1 1 10 100 1000
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1

104

<latexit sha1_base64="C+9f0vaXZUOa8P2vhAwCKT9+laU=">AAACFHicbVDLSsNAFJ1Uq7W+oi7dDC1CRShJF9WNUHTjsoJ9QBPDZDpph04ezEyEEvIRbvwVF7pQxK0Ld+KnuHHSuNDWAxcO59zLvfe4EaNCGsaHVlhaLq6sltbK6xubW9v6zm5XhDHHpINDFvK+iwRhNCAdSSUj/YgT5LuM9NzJeeb3bggXNAyu5DQito9GAfUoRlJJjn7kXzecxIrG1KHpKbQixCVFLJeURVPYreX2oaNXjboxA1wk5g+ptszKJ3oofrUd/d0ahjj2SSAxQ0IMTCOSdpKtwIykZSsWJEJ4gkZkoGiAfCLsZPZUCg+UMoReyFUFEs7U3xMJ8oWY+q7q9JEci3kvE//zBrH0TuyEBlEsSYDzRV7MoAxhlhAcUk6wZFNFEOZU3QrxGHGEpcqxrEIw519eJN1G3WzWm5cqjTOQowT2QQXUgAmOQQtcgDboAAxuwT14As/anfaovWiveWtB+5nZA3+gvX0D2oWhwQ==</latexit>

m2
ωi

= ωω2
i
V (εi)

<latexit sha1_base64="YjAgz3MP1JAwiGUveh0epIvFTPI=">AAAB+XicbVDLSgMxFM3UV62vUZdugkUQhDLTRXUjFN24rGAf0I5DJs20oUkmJJlCGfoF/oIbQUXc+ifu/BD3po+Fth64cDjnXu69J5KMauN5X05uZXVtfSO/Wdja3tndc/cPGjpJFSZ1nLBEtSKkCaOC1A01jLSkIohHjDSjwfXEbw6J0jQRd2YkScBRT9CYYmSsFLouvy+HWUf2aUjHl9CDoVv0St4UcJn4c1Ksnn0/P5CirIXuZ6eb4JQTYTBDWrd9T5ogQ8pQzMi40Ek1kQgPUI+0LRWIEx1k08vH8MQqXRgnypYwcKr+nsgQ13rEI9vJkenrRW8i/ue1UxNfBBkVMjVE4NmiOGXQJHASA+xSRbBhI0sQVtTeCnEfKYSNDatgQ/AXX14mjXLJr5QqtzaNKzBDHhyBY3AKfHAOquAG1EAdYDAEj+AFvDqZ8+S8Oe+z1pwznzkEf+B8/ADweZY/</latexit>

m2
ωi

= 0 <latexit sha1_base64="IgzbtK+Ks54odDPxGqMob2jD/zg=">AAAB9XicbVC7SgNBFJ2NrxhfUUtFBoNgFXYtomXQxjIB84BsDLOT2WTI7Owyc1ddlpT+g42FIra2+Q47v8GfcPIoNPHAhcM593LvPV4kuAbb/rIyS8srq2vZ9dzG5tb2Tn53r67DWFFWo6EIVdMjmgkuWQ04CNaMFCOBJ1jDG1yN/cYdU5qH8gaSiLUD0pPc55SAkW7dB45dCLHLpQ9JJ1+wi/YEeJE4M1IoH46q349Ho0on/+l2QxoHTAIVROuWY0fQTokCTgUb5txYs4jQAemxlqGSBEy308nVQ3xilC72Q2VKAp6ovydSEmidBJ7pDAj09bw3Fv/zWjH4F+2UyygGJul0kR8LbP4cR4C7XDEKIjGEUMXNrZj2iSIUTFA5E4Iz//IiqZ8VnVKxVDVpXKIpsugAHaNT5KBzVEbXqIJqiCKFntALerXurWfrzXqftmas2cw++gPr4wcaZpX6</latexit>

ω → ↑
<latexit sha1_base64="uPLmc2POV0ig5mUIaccKAv/uqdQ=">AAAB/HicbVDLSsNAFJ3UV62vaMGNm2ARXJXERXVZ6sZlC/YBTQiT6aQdOpmEmRshhPorblwo0q1f4Be4c+O3OH0stPXAwOGcc5l7T5BwpsC2v4zCxubW9k5xt7S3f3B4ZB6fdFScSkLbJOax7AVYUc4EbQMDTnuJpDgKOO0G49uZ332gUrFY3EOWUC/CQ8FCRjBoyTfLLtfhAfaZC7HlMhFC5psVu2rPYa0TZ0kq9dPWN5s2Ppq++ekOYpJGVADhWKm+Yyfg5VgCI5xOSm6qaILJGA9pX1OBI6q8fL78xLrQysAKY6mfAGuu/p7IcaRUFgU6GWEYqVVvJv7n9VMIb7yciSQFKsjiozDllr5z1oQ1YJIS4JkmmEimd7XICEtMQPdV0iU4qyevk85V1alVay3dRgMtUERn6BxdIgddozq6Q03URgRl6Am9oFfj0Xg23ozpIlowljNl9AfG+w+jWZh7</latexit>

ωi → ↑

Phase transition Nambu,Jona-Lasinio’60’61

Infinite correlation length:

<latexit sha1_base64="fjzmuapan4BZA9UdlYfz7GLbpEg=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiSmklSoMFawMBaJPqQmRI7jtFad2LIdpCrqzMKvsDCAECtfwMbf4LYZoOVIlo7OOVfX94SCUaUd59taWl5ZXVsvbZQ3t7Z3du29/bbimcSkhTnjshsiRRhNSUtTzUhXSIKSkJFOOLye+J0HIhXl6Z0eCeInqJ/SmGKkjRTYRx4z4QgFFHpCcqE5dM9gEuSeGNCAju9rgV1xqs4UcJG4BamAAs3A/vIijrOEpBozpFTPdYT2cyQ1xYyMy16miEB4iPqkZ2iKEqL8fHrKGJ4YJYIxl+alGk7V3xM5SpQaJaFJJkgP1Lw3Ef/zepmOL/2cpiLTJMWzRXHGoDl40guMqCRYs5EhCEtq/grxAEmEtWmvbEpw509eJO1a1a1X67fnlcZVUUcJHIJjcApccAEa4AY0QQtg8AiewSt4s56sF+vd+phFl6xi5gD8gfX5Az5cmf4=</latexit>

ωi → 1/m2
ωi

Fu,Pawlowski,Rennecke [1909.02991]

Fu,Huang,Pawlowski,Tan,Zhou[2502.14388]

Dynamical bosonisation and emergent hadrons
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Goertz,APG,Pawlowski[2412.12254]

<latexit sha1_base64="XUW6MRzS9VmfVXpHoEIMYwemYlo="></latexit>✓
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 Álvaro Pastor Gutiérrez

• Necessary conditions for dSB (FP merger): 

1. Resonant structure: 

2. Critical strength of gauge dynamics is reached: 

<latexit sha1_base64="DmZXkwOajqk2BcOfJ0rYoyZRs/0="></latexit> cA,i

cC,iii
> 0

<latexit sha1_base64="EOV0xcvmRVlZvj5JaQQ4LE6KbCg=">AAACDnicbZA7T8MwFIWd8iotjwIji0WpxFQlDIUJVWVhLII+pDZEjuu0Vu0ksp1KVZRfwMJfYekAQgwszGz8EJhxmw7QciRLn865V9Y9bsioVKb5aWRWVtfWN7KbufzW9s5uYW+/KYNIYNLAAQtE20WSMOqThqKKkXYoCOIuIy13eDnNWyMiJA38WzUOic1R36cexUhpyymUuoiFA+T04QVM8S7uCg6xoCpxZnhTS5xC0SybM8FlsOZQrB5/Td5G+e+6U/jo9gIcceIrzJCUHcsMlR0joShmJMl1I0lChIeoTzoafcSJtOPZOQksaacHvUDo5ys4c39vxIhLOeaunuRIDeRiNjX/yzqR8s7tmPphpIiP04+8iEEVwGk3sEcFwYqNNaBpARRDPEACYaUbzOkSrMWTl6F5WrYq5cq1bqMGUmXBITgCJ8ACZ6AKrkAdNAAG9+ARPIFn48GYGC/GazqaMeY7B+CPjPcfXEmgHw==</latexit>

ωg > ωcrit
SB

Mechanism underlying dSB

12

Nambu,Jona-Lasinio’60’61 Kosterlitz’74 Miransky’85 Jungnickel,Wetterich[hep-ph/9505267] Gies,Jaeckel[hep-ph/0507171] B.Kaplan,Lee,T.Son,Stephanov[0905.4752] Braun[1108.4449]

<latexit sha1_base64="DH8L1T4Q9atUTQV1iBODZUHSDr4="></latexit>

ωtε̄i → 2 ε̄i + cA,i · ϑ2
g + cB,ij · ϑg ε̄j + cC,ijk · ε̄j ε̄k + . . .

Goertz,APG,Pawlowski[2412.12254] 
Li,APG,Vatani,Xu[2507.21208]

<latexit sha1_base64="hnOqRXVuCtGiCrRXFSvibQRhrgE="></latexit>

ωcrit
SB = inf

{
ωg

∣∣ → i :
(
εtϑ̄i ↑ 0 ↓ ϑ̄j

)}



Phases of QCD-like theories

Osaka castle
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Many flavour dynamics

14

<latexit sha1_base64="IAuafc7g5H1WyPUn38dFW7IsGEY="></latexit>

S =

Z

x

1

4
F a
µ⌫F

a
µ⌫ + Lgf + Lgh +  ̄ /D 

<latexit sha1_base64="AJG0sZnErcZveysCxHygxEX47oE="></latexit>

SU(Nf )L ⇥ SU(Nf )R
<latexit sha1_base64="ZA+CyjVHgm9yGdce3f7XumoHUpk=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9kVqR6LXjxJRbcttEvJptk2NMmuSbZQlv4OLx4U8eqP8ea/Mf04aOuDgcd7M8zMCxPOtHHdb2dldW19YzO3ld/e2d3bLxwc1nWcKkJ9EvNYNUOsKWeS+oYZTpuJoliEnDbCwc3Ebwyp0iyWj2aU0EDgnmQRI9hYKcjaSqAHf1y665CzTqHolt0p0DLx5qQIc9Q6ha92NyapoNIQjrVueW5iggwrwwin43w71TTBZIB7tGWpxILqIJsePUanVumiKFa2pEFT9fdEhoXWIxHaToFNXy96E/E/r5Wa6CrImExSQyWZLYpSjkyMJgmgLlOUGD6yBBPF7K2I9LHCxNic8jYEb/HlZVI/L3uVcuX+oli9nseRg2M4gRJ4cAlVuIUa+EDgCZ7hFd6cofPivDsfs9YVZz5zBH/gfP4Ap2eRYw==</latexit>

SU(Nc)

2 3 4 5 60

5

10

15

20

<latexit sha1_base64="xBtNUoQILox9JF7fewLiYHRK+NQ=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCCymJSHVZFcRlBfuAJpTJdNIOnUeYmQg19EvcuFDErZ/izr9x2mahrQcuHM65l3vviRJGtfG8b6ewsrq2vlHcLG1t7+yW3b39lpapwqSJJZOqEyFNGBWkaahhpJMognjESDsa3Uz99iNRmkrxYMYJCTkaCBpTjIyVem45CxSHV7fBKWRSm0nPrXhVbwa4TPycVECORs/9CvoSp5wIgxnSuut7iQkzpAzFjExKQapJgvAIDUjXUoE40WE2O3wCj63Sh7FUtoSBM/X3RIa41mMe2U6OzFAvelPxP6+bmvgyzKhIUkMEni+KUwaNhNMUYJ8qgg0bW4KwovZWiIdIIWxsViUbgr/48jJpnVX9WrV2f16pX+dxFMEhOAInwAcXoA7uQAM0AQYpeAav4M15cl6cd+dj3lpw8pkD8AfO5w/QHZKQ</latexit> A
F
lo
st

<latexit sha1_base64="M8xaJOxz+9CrGpjWGxqmV7a0z3U=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewaAx4JXDxiIh8KG9ItXWhou5u2a0I2/AovHjTGqz/Hm//GAntQ8CWTvLw3k5l5QcyZNq777eQ2Nre2d/K7hb39g8Oj4vFJW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51g0pj7nSeqNIvkvZnG1Bd4JFnICDZWekj7SqBG/XE2KJbcsrsAWideRkqQoTkofvWHEUkElYZwrHXPc2Pjp1gZRjidFfqJpjEmEzyiPUslFlT76eLgGbqwyhCFkbIlDVqovydSLLSeisB2CmzGetWbi/95vcSEN37KZJwYKslyUZhwZCI0/x4NmaLE8KklmChmb0VkjBUmxmZUsCF4qy+vk/ZV2auUK3fXpVo9iyMPZ3AOl+BBFWpwC01oAQEBz/AKb45yXpx352PZmnOymVP4A+fzB0C1kBE=</latexit>

CB
Z

<latexit sha1_base64="g7XIQkySHUxdHD9ZhfbrmPyc3aw=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEVyURqS5L3bisaC/QhDKZTNuhM5MwMxFCiK/ixoUibn0Qd76N0zQLbf1h4OM/53DO/EHMqNKO822trW9sbm1Xdqq7e/sHh/bRcU9FicSkiyMWyUGAFGFUkK6mmpFBLAniASP9YHYzr/cfiVQ0Eg86jYnP0UTQMcVIG2tk1zJPchjmHp7SAu/b+ciuOw2nEFwFt4Q6KNUZ2V9eGOGEE6ExQ0oNXSfWfoakppiRvOolisQIz9CEDA0KxInys+L4HJ4ZJ4TjSJonNCzc3xMZ4kqlPDCdHOmpWq7Nzf9qw0SPr/2MijjRRODFonHCoI7gPAkYUkmwZqkBhCU1t0I8RRJhbfKqmhDc5S+vQu+i4TYbzbvLeqtdxlEBJ+AUnAMXXIEWuAUd0AUYpOAZvII368l6sd6tj0XrmlXO1MAfWZ8/a9aUow==</latexit>

d�SB
<latexit sha1_base64="GqZ9T7zhlLY5JzS4rLPlqyk2Yb8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1elogomTcL1f8qj8HWiVBTiqQo9Evf/UGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7vFJ05ZYBipV1Ji+bq74kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmz6MB05RYPnEEE83crYiMsMbEuohKLoRg+eVV0rqoBrVq7f6yUr/J4yjCCZzCOQRwBXW4gwY0gQCHZ3iFN+/Re/HevY9Fa8HLZ47hD7zPH85mj9Y=</latexit>

conf
<latexit sha1_base64="rcgAY+Pi1nvjzl5NkcYUp46Ei58=">AAAB6XicbVBNS8NAEJ34WetX1aOXxaJ4KolI9Vj04rGK/YA2lM120i7dbMLuRiih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9dM96pbJbcWcgy8TLSRly1Hulr24/ZmmE0jBBte54bmL8jCrDmcBJsZtqTCgb0QF2LJU0Qu1ns0sn5NQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw2s+4TFKDks0XhakgJibTt0mfK2RGjC2hTHF7K2FDqigzNpyiDcFbfHmZNC8qXrVSvb8s127yOApwDCdwDh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeuuLkM0fwB87nDx5CjRs=</latexit>

&

<latexit sha1_base64="1Mk+XGqT4P5+DGoJlzm/ajg7WCM=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0Wom5KIVJdFNy4rmrbQhDKZTNqhk0mch1BDv8SNC0Xc+inu/BunbRbaeuDC4Zx7ufeeMGNUKsf5tlZW19Y3Nktb5e2d3b2KvX/QlqkWmHg4ZanohkgSRjnxFFWMdDNBUBIy0glH11O/80iEpCm/V+OMBAkacBpTjJSR+nYl90UC77xJzX/QKDrt21Wn7swAl4lbkCoo0OrbX36UYp0QrjBDUvZcJ1NBjoSimJFJ2deSZAiP0ID0DOUoITLIZ4dP4IlRIhinwhRXcKb+nshRIuU4CU1ngtRQLnpT8T+vp1V8GeSUZ1oRjueLYs2gSuE0BRhRQbBiY0MQFtTcCvEQCYSVyapsQnAXX14m7bO626g3bs+rzasijhI4AsegBlxwAZrgBrSABzDQ4Bm8gjfryXqx3q2PeeuKVcwcgj+wPn8A6eCSnw==</latexit>

SU( )

<latexit sha1_base64="BDqPCEcU98LL90Nd07liN/9YAFo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWw2m3bp7ibuboQS+ie8eFDEq3/Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wuZ373SeqNIvlg5km1Bd4JFnECDZW6g2UQFEqw2G15tbdHGiVeAWpQYHWsPo1CGOSCioN4Vjrvucmxs+wMoxwOqsMUk0TTCZ4RPuWSiyo9rP83hk6s0qIoljZkgbl6u+JDAutpyKwnQKbsV725uJ/Xj810bWfMZmkhkqyWBSlHJkYzZ9HIVOUGD61BBPF7K2IjLHCxNiIKjYEb/nlVdK5qHuNeuP+sta8KeIowwmcwjl4cAVNuIMWtIEAh2d4hTfn0Xlx3p2PRWvJKWaO4Q+czx/ZF4/d</latexit>

fund
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<latexit sha1_base64="IAuafc7g5H1WyPUn38dFW7IsGEY="></latexit>

S =

Z

x

1

4
F a
µ⌫F

a
µ⌫ + Lgf + Lgh +  ̄ /D 

<latexit sha1_base64="AJG0sZnErcZveysCxHygxEX47oE="></latexit>

SU(Nf )L ⇥ SU(Nf )R
<latexit sha1_base64="ZA+CyjVHgm9yGdce3f7XumoHUpk=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9kVqR6LXjxJRbcttEvJptk2NMmuSbZQlv4OLx4U8eqP8ea/Mf04aOuDgcd7M8zMCxPOtHHdb2dldW19YzO3ld/e2d3bLxwc1nWcKkJ9EvNYNUOsKWeS+oYZTpuJoliEnDbCwc3Ebwyp0iyWj2aU0EDgnmQRI9hYKcjaSqAHf1y665CzTqHolt0p0DLx5qQIc9Q6ha92NyapoNIQjrVueW5iggwrwwin43w71TTBZIB7tGWpxILqIJsePUanVumiKFa2pEFT9fdEhoXWIxHaToFNXy96E/E/r5Wa6CrImExSQyWZLYpSjkyMJgmgLlOUGD6yBBPF7K2I9LHCxNic8jYEb/HlZVI/L3uVcuX+oli9nseRg2M4gRJ4cAlVuIUa+EDgCZ7hFd6cofPivDsfs9YVZz5zBH/gfP4Ap2eRYw==</latexit>

SU(Nc)

<latexit sha1_base64="hjRlmElMjm4hdpjAe4cYN5P4Kq0=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAdklzA7mU2GzGOZmRXCkt/w4kERr/6MN//GSbIHjRY0FFXddHfFKWfG+v6XV1pb39jcKm9Xdnb39g+qh0cdozJNaJsornQvxoZyJmnbMstpL9UUi5jTbjy5nfvdR6oNU/LBTlMaCTySLGEEWyeFk0EeaoGIkslsUK35dX8B9JcEBalBgdag+hkOFckElZZwbEw/8FMb5VhbRjidVcLM0BSTCR7RvqMSC2qifHHzDJ05ZYgSpV1Jixbqz4kcC2OmInadAtuxWfXm4n9eP7PJdZQzmWaWSrJclGQcWYXmAaAh05RYPnUEE83crYiMscbEupgqLoRg9eW/pHNRDxr1xv1lrXlTxFGGEziFcwjgCppwBy1oA4EUnuAFXr3Me/bevPdla8krZo7hF7yPbxwhkcA=</latexit>

kconf

<latexit sha1_base64="/9+gdvEpu+6qic88K5oEIIR05eo=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEqsdSLx4r2g9oQthsN+3S3STsbgol9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbZU2Nre2d8q7lb39g8Mj+/iko5JMEtomCU9kL8SKchbTtmaa014qKRYhp91wfDf3uxMqFUviJz1NqS/wMGYRI1gbKbDtcZB7ZMRyTwr02JzNArvq1JwF0DpxC1KFAq3A/vIGCckEjTXhWKm+66Taz7HUjHA6q3iZoikmYzykfUNjLKjy88XlM3RhlAGKEmkq1mih/p7IsVBqKkLTKbAeqVVvLv7n9TMd3fo5i9NM05gsF0UZRzpB8xjQgElKNJ8agolk5lZERlhiok1YFROCu/ryOulc1dx6rf5wXW00izjKcAbncAku3EAD7qEFbSAwgWd4hTcrt16sd+tj2VqyiplT+APr8wd2NJOQ</latexit>

k�SB

0.01 0.10 1 10 100 1000 104
0.0
0.5
1.0
1.5
2.0
2.5
3.0
0.0
0.5
1.0
1.5
2.0
2.5
3.0

0.01 0.10 1 10 100 1000 104 0.01 0.10 1 10 100 1000 104 0.01 0.10 1 10 100 1000 104 0.01 0.10 1 10 100 1000 104

walking

<latexit sha1_base64="BsLclm/zIxRaHL/jjpi9NO2Brtk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ac0oWy2m3bJ7ibsbpQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo5NMEdomCU9UL8SaciZp2zDDaS9VFIuQ024Y38787iNVmiXywUxSGgg8kixiBBsr+fEg95VAT5jH00G15tbdOdAq8QpSgwKtQfXLHyYkE1QawrHWfc9NTZBjZRjhdFrxM01TTGI8on1LJRZUB/n85ik6s8oQRYmyJQ2aq78nciy0nojQdgpsxnrZm4n/ef3MRNdBzmSaGSrJYlGUcWQSNAsADZmixPCJJZgoZm9FZIwVJsbGVLEheMsvr5LORd1r1Bv3l7XmTRFHGU7gFM7Bgytowh20oA0EUniGV3hzMufFeXc+Fq0lp5g5hj9wPn8AKeyRyQ==</latexit>

kwalk

<latexit sha1_base64="J6PIMUxc+5Purv9q5nAuY1jTWkI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9lVqV6EohdPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN1O/dYTVZpJ8WjGCQ1iPBAsYgQbK/n3PXJ93itX3Ko7A1omXk4qkKPRK391+5KkMRWGcKx1x3MTE2RYGUY4nZS6qaYJJiM8oB1LBY6pDrLZsRN0YpU+iqSyJQyaqb8nMhxrPY5D2xljM9SL3lT8z+ukJroKMiaS1FBB5ouilCMj0fRz1GeKEsPHlmCimL0VkSFWmBibT8mG4C2+vEyaZ1WvVq09XFTqN3kcRTiCYzgFDy6hDnfQAB8IMHiGV3hzhPPivDsf89aCk88cwh84nz8RDI43</latexit>

Nc = 3

2 3 4 5 60

5

10

15

20

<latexit sha1_base64="xBtNUoQILox9JF7fewLiYHRK+NQ=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCCymJSHVZFcRlBfuAJpTJdNIOnUeYmQg19EvcuFDErZ/izr9x2mahrQcuHM65l3vviRJGtfG8b6ewsrq2vlHcLG1t7+yW3b39lpapwqSJJZOqEyFNGBWkaahhpJMognjESDsa3Uz99iNRmkrxYMYJCTkaCBpTjIyVem45CxSHV7fBKWRSm0nPrXhVbwa4TPycVECORs/9CvoSp5wIgxnSuut7iQkzpAzFjExKQapJgvAIDUjXUoE40WE2O3wCj63Sh7FUtoSBM/X3RIa41mMe2U6OzFAvelPxP6+bmvgyzKhIUkMEni+KUwaNhNMUYJ8qgg0bW4KwovZWiIdIIWxsViUbgr/48jJpnVX9WrV2f16pX+dxFMEhOAInwAcXoA7uQAM0AQYpeAav4M15cl6cd+dj3lpw8pkD8AfO5w/QHZKQ</latexit> A
F
lo
st

<latexit sha1_base64="M8xaJOxz+9CrGpjWGxqmV7a0z3U=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewaAx4JXDxiIh8KG9ItXWhou5u2a0I2/AovHjTGqz/Hm//GAntQ8CWTvLw3k5l5QcyZNq777eQ2Nre2d/K7hb39g8Oj4vFJW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51g0pj7nSeqNIvkvZnG1Bd4JFnICDZWekj7SqBG/XE2KJbcsrsAWideRkqQoTkofvWHEUkElYZwrHXPc2Pjp1gZRjidFfqJpjEmEzyiPUslFlT76eLgGbqwyhCFkbIlDVqovydSLLSeisB2CmzGetWbi/95vcSEN37KZJwYKslyUZhwZCI0/x4NmaLE8KklmChmb0VkjBUmxmZUsCF4qy+vk/ZV2auUK3fXpVo9iyMPZ3AOl+BBFWpwC01oAQEBz/AKb45yXpx352PZmnOymVP4A+fzB0C1kBE=</latexit>

CB
Z

<latexit sha1_base64="g7XIQkySHUxdHD9ZhfbrmPyc3aw=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEVyURqS5L3bisaC/QhDKZTNuhM5MwMxFCiK/ixoUibn0Qd76N0zQLbf1h4OM/53DO/EHMqNKO822trW9sbm1Xdqq7e/sHh/bRcU9FicSkiyMWyUGAFGFUkK6mmpFBLAniASP9YHYzr/cfiVQ0Eg86jYnP0UTQMcVIG2tk1zJPchjmHp7SAu/b+ciuOw2nEFwFt4Q6KNUZ2V9eGOGEE6ExQ0oNXSfWfoakppiRvOolisQIz9CEDA0KxInys+L4HJ4ZJ4TjSJonNCzc3xMZ4kqlPDCdHOmpWq7Nzf9qw0SPr/2MijjRRODFonHCoI7gPAkYUkmwZqkBhCU1t0I8RRJhbfKqmhDc5S+vQu+i4TYbzbvLeqtdxlEBJ+AUnAMXXIEWuAUd0AUYpOAZvII368l6sd6tj0XrmlXO1MAfWZ8/a9aUow==</latexit>

d�SB
<latexit sha1_base64="GqZ9T7zhlLY5JzS4rLPlqyk2Yb8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1elogomTcL1f8qj8HWiVBTiqQo9Evf/UGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7vFJ05ZYBipV1Ji+bq74kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmz6MB05RYPnEEE83crYiMsMbEuohKLoRg+eVV0rqoBrVq7f6yUr/J4yjCCZzCOQRwBXW4gwY0gQCHZ3iFN+/Re/HevY9Fa8HLZ47hD7zPH85mj9Y=</latexit>

conf
<latexit sha1_base64="rcgAY+Pi1nvjzl5NkcYUp46Ei58=">AAAB6XicbVBNS8NAEJ34WetX1aOXxaJ4KolI9Vj04rGK/YA2lM120i7dbMLuRiih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9dM96pbJbcWcgy8TLSRly1Hulr24/ZmmE0jBBte54bmL8jCrDmcBJsZtqTCgb0QF2LJU0Qu1ns0sn5NQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw2s+4TFKDks0XhakgJibTt0mfK2RGjC2hTHF7K2FDqigzNpyiDcFbfHmZNC8qXrVSvb8s127yOApwDCdwDh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeuuLkM0fwB87nDx5CjRs=</latexit>

&

<latexit sha1_base64="1Mk+XGqT4P5+DGoJlzm/ajg7WCM=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0Wom5KIVJdFNy4rmrbQhDKZTNqhk0mch1BDv8SNC0Xc+inu/BunbRbaeuDC4Zx7ufeeMGNUKsf5tlZW19Y3Nktb5e2d3b2KvX/QlqkWmHg4ZanohkgSRjnxFFWMdDNBUBIy0glH11O/80iEpCm/V+OMBAkacBpTjJSR+nYl90UC77xJzX/QKDrt21Wn7swAl4lbkCoo0OrbX36UYp0QrjBDUvZcJ1NBjoSimJFJ2deSZAiP0ID0DOUoITLIZ4dP4IlRIhinwhRXcKb+nshRIuU4CU1ngtRQLnpT8T+vp1V8GeSUZ1oRjueLYs2gSuE0BRhRQbBiY0MQFtTcCvEQCYSVyapsQnAXX14m7bO626g3bs+rzasijhI4AsegBlxwAZrgBrSABzDQ4Bm8gjfryXqx3q2PeeuKVcwcgj+wPn8A6eCSnw==</latexit>

SU( )

<latexit sha1_base64="BDqPCEcU98LL90Nd07liN/9YAFo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWw2m3bp7ibuboQS+ie8eFDEq3/Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wuZ373SeqNIvlg5km1Bd4JFnECDZW6g2UQFEqw2G15tbdHGiVeAWpQYHWsPo1CGOSCioN4Vjrvucmxs+wMoxwOqsMUk0TTCZ4RPuWSiyo9rP83hk6s0qIoljZkgbl6u+JDAutpyKwnQKbsV725uJ/Xj810bWfMZmkhkqyWBSlHJkYzZ9HIVOUGD61BBPF7K2IjLHCxNiIKjYEb/nlVdK5qHuNeuP+sta8KeIowwmcwjl4cAVNuIMWtIEAh2d4hTfn0Xlx3p2PRWvJKWaO4Q+czx/ZF4/d</latexit>

fund
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(i)

1 2 3 4 5 6 7 8 9 100.1

0.5
1

5
10

(iii)(ii)

<latexit sha1_base64="J6PIMUxc+5Purv9q5nAuY1jTWkI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9lVqV6EohdPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN1O/dYTVZpJ8WjGCQ1iPBAsYgQbK/n3PXJ93itX3Ko7A1omXk4qkKPRK391+5KkMRWGcKx1x3MTE2RYGUY4nZS6qaYJJiM8oB1LBY6pDrLZsRN0YpU+iqSyJQyaqb8nMhxrPY5D2xljM9SL3lT8z+ukJroKMiaS1FBB5ouilCMj0fRz1GeKEsPHlmCimL0VkSFWmBibT8mG4C2+vEyaZ1WvVq09XFTqN3kcRTiCYzgFDy6hDnfQAB8IMHiGV3hzhPPivDsf89aCk88cwh84nz8RDI43</latexit>

Nc = 3

(i) : QCD-like 

• Criticality for : potential 

confinement without d SB

Nf ≲ 4

Nf ≲ 2

χ

■■ ■■ ■■ ■■ ■■ ■■ ■■ ■■ ■■ ■■ ■■ ■■ ■■ ■■
■■
■■

■■
■■ ■■
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1 2 3 4 5 6 7 8 90.0
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0.3

0.4

★★

★★ ★★ ★★ ★★

1 2 3 4 5 6 7 8 9
0.01

0.05
0.10

0.50
1

(i) (ii) (iii)

(ii) : Locking 

• Very entangled (qualitative) 

• No confinement without d SB 

4 ≲ Nf ≲ 7.5

χ

(iii)  : Walking 

• Non-NGB bound states heavier 

than glueballs 

• Swicthed order parameters 

• Size of walking regime from 

first-principles

7.5 ≲ Nf < Ncrit
f
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<latexit sha1_base64="EGHPnCvl11Qfi8EvQorFiSVrB90=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0WoIiVRqS6LblxWsA9oY7iZTtqhk0mYmRRK6J+4caGIW//EnX/j9LHQ1gMXDufcy733BAlnSjvOt5VbWV1b38hvFra2d3b37P2DhopTSWidxDyWrQAU5UzQumaa01YiKUQBp81gcDfxm0MqFYvFox4l1IugJ1jICGgj+bbdAZ70we89ZaXL0/OzsW8XnbIzBV4m7pwU0Rw13/7qdGOSRlRowkGptusk2stAakY4HRc6qaIJkAH0aNtQARFVXja9fIxPjNLFYSxNCY2n6u+JDCKlRlFgOiPQfbXoTcT/vHaqwxsvYyJJNRVktihMOdYxnsSAu0xSovnIECCSmVsx6YMEok1YBROCu/jyMmlclN1KufJwVazezuPIoyN0jErIRdeoiu5RDdURQUP0jF7Rm5VZL9a79TFrzVnzmUP0B9bnDxw2kq4=</latexit>

ω(3),→
g

<latexit sha1_base64="ogMh2tljskHbDPFbOmJGBV398qY=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0WoIiUpUl0W3bisYB/QxnAznbRDJ5MwMymU0D9x40IRt/6JO//G6WOhrQcuHM65l3vvCRLOlHacbyu3tr6xuZXfLuzs7u0f2IdHTRWnktAGiXks2wEoypmgDc00p+1EUogCTlvB8G7qt0ZUKhaLRz1OqBdBX7CQEdBG8m27CzwZgN9/ykqV88uLiW8XnbIzA14l7oIU0QJ13/7q9mKSRlRowkGpjusk2stAakY4nRS6qaIJkCH0acdQARFVXja7fILPjNLDYSxNCY1n6u+JDCKlxlFgOiPQA7XsTcX/vE6qwxsvYyJJNRVkvihMOdYxnsaAe0xSovnYECCSmVsxGYAEok1YBROCu/zyKmlWym61XH24KtZuF3Hk0Qk6RSXkomtUQ/eojhqIoBF6Rq/ozcqsF+vd+pi35qzFzDH6A+vzBxqukq0=</latexit>

ω(2),→
g

<latexit sha1_base64="pX5DbX5hk+8Buh+UUnqfVX21wxE=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0WoIiWRUl0W3bisYB/QxnAznbRDJ5MwMymU0D9x40IRt/6JO//G6WOhrQcuHM65l3vvCRLOlHacbyu3tr6xuZXfLuzs7u0f2IdHTRWnktAGiXks2wEoypmgDc00p+1EUogCTlvB8G7qt0ZUKhaLRz1OqBdBX7CQEdBG8m27CzwZgN9/ykqV88uLiW8XnbIzA14l7oIU0QJ13/7q9mKSRlRowkGpjusk2stAakY4nRS6qaIJkCH0acdQARFVXja7fILPjNLDYSxNCY1n6u+JDCKlxlFgOiPQA7XsTcX/vE6qwxsvYyJJNRVkvihMOdYxnsaAe0xSovnYECCSmVsxGYAEok1YBROCu/zyKmleld1qufpQKdZuF3Hk0Qk6RSXkomtUQ/eojhqIoBF6Rq/ozcqsF+vd+pi35qzFzDH6A+vzBx2+kq8=</latexit>

ω(4),→
g

0.50

0.75

1.00

1.25

1.50

<latexit sha1_base64="w0ejW3HP/eNSVJglFg0bH66vjUk=">AAACFXicbVDJSgNBEO2JWxK3qEcvjUGIqMOMMVEPgaAXTyGCWSDL0NPpSZr0LHT3CGGYn/Dir3jxoIhXwZt/Y2c5aOKDoh7vVVHUswNGhTSMby2xtLyyupZMpdc3Nre2Mzu7deGHHJMa9pnPmzYShFGP1CSVjDQDTpBrM9Kwhzdjv/FAuKC+dy9HAem4qO9Rh2IklWRlTlKVbtTmLsScythychULl/JHJXilF41udGzohUJsRaeq52MrkzV0YwK4SMwZyYIZqlbmq93zcegST2KGhGiZRiA7EeKSYkbidDsUJEB4iPqkpaiHXCI60eSrGB4qpQcdn6vyJJyovzci5Aoxcm016SI5EPPeWPzPa4XSuexE1AtCSTw8PeSEDEofjiOCPcoJlmykCBrHQjHEA8QRlirItArBnH95kdTPdLOoF+/Os+XrWRxJsA8OQA6Y4AKUwS2oghrA4BE8g1fwpj1pL9q79jEdTWiznT3wB9rnD9ogm3s=</latexit>

N crit
f (Nc = 3) = 9.60+0.55

→0.53

10-6 10-5 10-4 0.001 0.010 0.100 1

-50

-40

-30

-20

-10

0
Near-conformal scaling

<latexit sha1_base64="cojSdRE3hl1FeuOFYBDpMqVKZ0Q="></latexit>

ln[kωSB/!UV] → const + 2.78 ln”N crit
f

Gies, Jaeckel ’05 Braun, Gies’05’06 Braun,Gies[0912.4168] Braun,Fischer,Gies[1012.4279] 
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(i)

(ii)

(iii)

Nf /Nc ∼ 11/2

Nf /Nc ∼ 3.22 − 0.15/Nc

Nf /Nc ∼ 3 − 1/Nc

Nf /Nc ∼ 3/2 − 2/3Nc



IR phases of chiral gauge theories

Kasugataisha Shrine, Nara
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<latexit sha1_base64="+kWRf08pK5bia7NjuzE7jTscCPo="></latexit>

S =

∫

x

1

4
F a
µωF

a
µω + ω†ε̄µDµω + ϑ†ε̄µDµϑ

<latexit sha1_base64="JzeGqJpo/nc4vOTsUGEfP6CmayI=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI9FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5Bqw8GHu/NMDMvTAQ31vO+UGltfWNzq7xd2dnd2z+oHh51TJxqyto0FrHuhcQwwRVrW24F6yWaERkK1g2nt7nffWTa8Fg92FnCAknGikecEptLg8TwYbXm1b0F8F/iF6QGBVrD6udgFNNUMmWpIMb0fS+xQUa05VSweWWQGpYQOiVj1ndUEclMkC1uneMzp4xwFGtXyuKF+nMiI9KYmQxdpyR2Yla9XPzP66c2ug4yrpLUMkWXi6JUYBvj/HE84ppRK2aOEKq5uxXTCdGEWhdPxYXgr778l3Qu6n6j3ri/rDVvijjKcAKncA4+XEET7qAFbaAwgSd4gVck0TN6Q+/L1hIqZo7hF9DHNyfRjlU=</latexit>

ω

<latexit sha1_base64="VyTlHPsvEJbPFqabqw4NVS26Y/w=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXSv6l6j3ni4rrVuizjKcAbncAkeNKEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gADTI49</latexit>ω

<latexit sha1_base64="hKxrmQzrVT8DkfjwC4xC71mHt28=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9kVqR6LXjxJRbcttEvJptk2NJsNSVYoS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZF0rOtHHdb2dldW19Y7OwVdze2d3bLx0cNnWSKkJ9kvBEtUOsKWeC+oYZTttSURyHnLbC0c3Ubz1RpVkiHs1Y0iDGA8EiRrCxUuvBr9z1yFmvVHar7gxomXg5KUOORq/01e0nJI2pMIRjrTueK02QYWUY4XRS7KaaSkxGeEA7lgocUx1ks3Mn6NQqfRQlypYwaKb+nshwrPU4Dm1njM1QL3pT8T+vk5roKsiYkKmhgswXRSlHJkHT31GfKUoMH1uCiWL2VkSGWGFibEJFG4K3+PIyaZ5XvVq1dn9Rrl/ncRTgGE6gAh5cQh1uoQE+EBjBM7zCmyOdF+fd+Zi3rjj5zBH8gfP5Ay2HjtQ=</latexit>

SU(Nc)
<latexit sha1_base64="ftgitUuujvePq/v8Xf6LrYJCJqg=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lEqseiF48VTFtoQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777aytb2xubZd2yrt7+weHlaPjto5TRahPYh6rbog15UxS3zDDaTdRFIuQ0044ucv9zhNVmsXy0UwTGgg8kixiBJtc8mvexaBSdevuHGiVeAWpQoHWoPLVH8YkFVQawrHWPc9NTJBhZRjhdFbup5ommEzwiPYslVhQHWTzW2fo3CpDFMXKljRorv6eyLDQeipC2ymwGetlLxf/83qpiW6CjMkkNVSSxaIo5cjEKH8cDZmixPCpJZgoZm9FZIwVJsbGU7YheMsvr5L2Zd1r1BsPV9XmbRFHCU7hDGrgwTU04R5a4AOBMTzDK7w5wnlx3p2PReuaU8ycwB84nz/qCI2E</latexit>

U(1)

<latexit sha1_base64="gfDDG5HdC2uj59mXU+2xx3lABwE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqeP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfi+MwA==</latexit>

1

<latexit sha1_base64="TY1faUL5Mq7TkVJVGlmC7ww3nqY=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBahHlqSItVj0YsnqWA/oA1ls920SzebuLsRSuif8OJBEa/+HW/+G7dtDtr6YODx3gwz8/yYM6Ud59vKra1vbG7ltws7u3v7B/bhUUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/vhm5refqFQsEg96ElMvxEPBAkawNlKnXLrrk3L1vG8XnYozB1olbkaKkKHRt796g4gkIRWacKxU13Vi7aVYakY4nRZ6iaIxJmM8pF1DBQ6p8tL5vVN0ZpQBCiJpSmg0V39PpDhUahL6pjPEeqSWvZn4n9dNdHDlpUzEiaaCLBYFCUc6QrPn0YBJSjSfGIKJZOZWREZYYqJNRAUTgrv88ippVSturVK7vyjWr7M48nACp1ACFy6hDrfQgCYQ4PAMr/BmPVov1rv1sWjNWdnMMfyB9fkDKKOOwg==</latexit>

→(Nc → 2)

<latexit sha1_base64="u6Vb80yTmPILnC+epSGyn3Atjv0=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmKCB0lrCHokevFkMFrAQEO2yxY2bLfN7taENPwKLx40xqs/x5v/xgV6UPAlk7y8N5OZeX7MmdK2/W3lVlbX1jfym4Wt7Z3dveL+QVNFiSTUJRGPZNvHinImqKuZ5rQdS4pDn9OWP7qe+q0nKhWLxIMex9QL8UCwgBGsjfR475Zve+SsetorluyKPQNaJk5GSpCh0St+dfsRSUIqNOFYqY5jx9pLsdSMcDopdBNFY0xGeEA7hgocUuWls4Mn6MQofRRE0pTQaKb+nkhxqNQ49E1niPVQLXpT8T+vk+jg0kuZiBNNBZkvChKOdISm36M+k5RoPjYEE8nMrYgMscREm4wKJgRn8eVl0jyvOLVK7a5aql9lceThCI6hDA5cQB1uoAEuEAjhGV7hzZLWi/Vufcxbc1Y2cwh/YH3+AA7Kj0k=</latexit>

SU(Nc → 4)

<latexit sha1_base64="L1UU4msyZvOEuxRcKRXr6niqXuI=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgxbIrpXosevEkFdy20C4lm2bb0Gx2SbJCWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvCARXBvH+UaFtfWNza3idmlnd2//oHx41NJxqijzaCxi1QmIZoJL5hluBOskipEoEKwdjG9nfvuJKc1j+WgmCfMjMpQ85JQYK3n3fXpR65crTtWZA68SNycVyNHsl796g5imEZOGCqJ113US42dEGU4Fm5Z6qWYJoWMyZF1LJYmY9rP5sVN8ZpUBDmNlSxo8V39PZCTSehIFtjMiZqSXvZn4n9dNTXjtZ1wmqWGSLhaFqcAmxrPP8YArRo2YWEKo4vZWTEdEEWpsPiUbgrv88ippXVbderX+UKs0bvI4inACp3AOLlxBA+6gCR5Q4PAMr/CGJHpB7+hj0VpA+cwx/AH6/AH6MY4o</latexit>

Nc → 4

Georgi-Glashow (GG)

<latexit sha1_base64="JzeGqJpo/nc4vOTsUGEfP6CmayI=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI9FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5Bqw8GHu/NMDMvTAQ31vO+UGltfWNzq7xd2dnd2z+oHh51TJxqyto0FrHuhcQwwRVrW24F6yWaERkK1g2nt7nffWTa8Fg92FnCAknGikecEptLg8TwYbXm1b0F8F/iF6QGBVrD6udgFNNUMmWpIMb0fS+xQUa05VSweWWQGpYQOiVj1ndUEclMkC1uneMzp4xwFGtXyuKF+nMiI9KYmQxdpyR2Yla9XPzP66c2ug4yrpLUMkWXi6JUYBvj/HE84ppRK2aOEKq5uxXTCdGEWhdPxYXgr778l3Qu6n6j3ri/rDVvijjKcAKncA4+XEET7qAFbaAwgSd4gVck0TN6Q+/L1hIqZo7hF9DHNyfRjlU=</latexit>

ω

<latexit sha1_base64="VyTlHPsvEJbPFqabqw4NVS26Y/w=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXSv6l6j3ni4rrVuizjKcAbncAkeNKEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gADTI49</latexit>ω

<latexit sha1_base64="hKxrmQzrVT8DkfjwC4xC71mHt28=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9kVqR6LXjxJRbcttEvJptk2NJsNSVYoS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZF0rOtHHdb2dldW19Y7OwVdze2d3bLx0cNnWSKkJ9kvBEtUOsKWeC+oYZTttSURyHnLbC0c3Ubz1RpVkiHs1Y0iDGA8EiRrCxUuvBr9z1yFmvVHar7gxomXg5KUOORq/01e0nJI2pMIRjrTueK02QYWUY4XRS7KaaSkxGeEA7lgocUx1ks3Mn6NQqfRQlypYwaKb+nshwrPU4Dm1njM1QL3pT8T+vk5roKsiYkKmhgswXRSlHJkHT31GfKUoMH1uCiWL2VkSGWGFibEJFG4K3+PIyaZ5XvVq1dn9Rrl/ncRTgGE6gAh5cQh1uoQE+EBjBM7zCmyOdF+fd+Zi3rjj5zBH8gfP5Ay2HjtQ=</latexit>

SU(Nc)
<latexit sha1_base64="ftgitUuujvePq/v8Xf6LrYJCJqg=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lEqseiF48VTFtoQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777aytb2xubZd2yrt7+weHlaPjto5TRahPYh6rbog15UxS3zDDaTdRFIuQ0044ucv9zhNVmsXy0UwTGgg8kixiBJtc8mvexaBSdevuHGiVeAWpQoHWoPLVH8YkFVQawrHWPc9NTJBhZRjhdFbup5ommEzwiPYslVhQHWTzW2fo3CpDFMXKljRorv6eyLDQeipC2ymwGetlLxf/83qpiW6CjMkkNVSSxaIo5cjEKH8cDZmixPCpJZgoZm9FZIwVJsbGU7YheMsvr5L2Zd1r1BsPV9XmbRFHCU7hDGrgwTU04R5a4AOBMTzDK7w5wnlx3p2PReuaU8ycwB84nz/qCI2E</latexit>

U(1)

<latexit sha1_base64="gfDDG5HdC2uj59mXU+2xx3lABwE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqeP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfi+MwA==</latexit>

1

<latexit sha1_base64="DAdzYN4e3RKof5zKkZEREEDan8g=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahIpRESvVY9OJJKpq20oay2W7apZtN2N0IJfRXePGgiFd/jjf/jds2B219MPB4b4aZeX7MmdK2/W3lVlbX1jfym4Wt7Z3dveL+QVNFiSTUJRGPZNvHinImqKuZ5rQdS4pDn9OWP7qe+q0nKhWLxIMex9QL8UCwgBGsjfR475Zve+SsetorluyKPQNaJk5GSpCh0St+dfsRSUIqNOFYqY5jx9pLsdSMcDopdBNFY0xGeEA7hgocUuWls4Mn6MQofRRE0pTQaKb+nkhxqNQ49E1niPVQLXpT8T+vk+jg0kuZiBNNBZkvChKOdISm36M+k5RoPjYEE8nMrYgMscREm4wKJgRn8eVl0jyvOLVK7a5aql9lceThCI6hDA5cQB1uoAEuEAjhGV7hzZLWi/Vufcxbc1Y2cwh/YH3+AAu+j0c=</latexit>

SU(Nc + 4)

<latexit sha1_base64="TY1faUL5Mq7TkVJVGlmC7ww3nqY=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBahHlqSItVj0YsnqWA/oA1ls920SzebuLsRSuif8OJBEa/+HW/+G7dtDtr6YODx3gwz8/yYM6Ud59vKra1vbG7ltws7u3v7B/bhUUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/vhm5refqFQsEg96ElMvxEPBAkawNlKnXLrrk3L1vG8XnYozB1olbkaKkKHRt796g4gkIRWacKxU13Vi7aVYakY4nRZ6iaIxJmM8pF1DBQ6p8tL5vVN0ZpQBCiJpSmg0V39PpDhUahL6pjPEeqSWvZn4n9dNdHDlpUzEiaaCLBYFCUc6QrPn0YBJSjSfGIKJZOZWREZYYqJNRAUTgrv88ippVSturVK7vyjWr7M48nACp1ACFy6hDrfQgCYQ4PAMr/BmPVov1rv1sWjNWdnMMfyB9fkDKKOOwg==</latexit>

→(Nc → 2)

<latexit sha1_base64="Ye1PivdhfXOs9INAwTXOLSozPWc=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIsgCGVXSvVY9OJJKrhtoV1KNs22odnskmSFsvQ3ePGgiFd/kDf/jWm7B219MPB4b4aZeUEiuDaO840Ka+sbm1vF7dLO7t7+QfnwqKXjVFHm0VjEqhMQzQSXzDPcCNZJFCNRIFg7GN/O/PYTU5rH8tFMEuZHZCh5yCkxVvLu+/Si1i9XnKozB14lbk4qkKPZL3/1BjFNIyYNFUTrruskxs+IMpwKNi31Us0SQsdkyLqWShIx7WfzY6f4zCoDHMbKljR4rv6eyEik9SQKbGdEzEgvezPxP6+bmvDaz7hMUsMkXSwKU4FNjGef4wFXjBoxsYRQxe2tmI6IItTYfEo2BHf55VXSuqy69Wr9oVZp3ORxFOEETuEcXLiCBtxBEzygwOEZXuENSfSC3tHHorWA8plj+AP0+QP3J44m</latexit>

Nc + 4

Bars-Yankielowitz (BY)

Chiral: Weyl fermions, only left (right)-handed 

Georgi,Glashow’74 Raby,Dimopoulos,Susskind ’79 Bars,Yankielowitz’81 
… 

Bolognesi,Konishi,Orso[2605.10416] Cacciapaglia,Sannino,Wagner [2605.08294] 

• Phenomenology:  

- SM and BSM physics (GUTs, preon models, …) 

Wang,You[2204.14271] 
Karasik,Önder,Tong[2208.07842]  

Tong[2104.03997]

• Theory:  

- understand QFT 

- conjectured rich and unexplored dynamics, a challenge 

๏ Exotic condensates 

๏ Tumbling: several patterns of SB  

๏ Symmetric Mass Generation

Li,APG,Vatani,Xu[2507.21208] 

Li,APG,Vatani[2603.19355]
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In conclusion: 
no good understanding of the IR

Let’s do fRG
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the anomaly 

What is this dynamics? 
SMG?,… 

Highest condensate 
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Higgsing the gluons, 

symmetry tumbling, … (tbd)
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Very rich dynamics beyond the QCD limit! 

chiral limit, many flavours, colours and chiral-gauge theories

fRG: non-perturbative, versatile 

well-defined criteria for phenomena 

dynamics: encoded in full correlation 

functions 

systematically improvable, …  

Charting unexplored and unknown landscape (also at finite T) 

More to come!
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a1(p1)A
a3
µ (→p1 → p2)

<latexit sha1_base64="yYdRJxoqOGaag5ylXc0Ly1c6cXw="></latexit>

!(!i1 ···!in )(p1, ..., pn) =
ω

ω”i1(p1)
· · · ω

ω”in(pn)
![”] = !̃(!i1 ···!in )(p1, ..., pn) T (1)

!i1 ···!in
(p1, ..., pn)

<latexit sha1_base64="nKeMvZFnjk8mBJHI6UDFbV+J1Is="></latexit>

!k[Aµ, c̄, c,ω
†,ω,ε†,ε] = !gauge, k[Aµ, c̄, c] + !gauge→fermion,k[Aµ,ω

†,ω,ε†,ε] + !fermion,k[ω
†,ω,ε†,ε]
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Effective action 2
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<latexit sha1_base64="GP836QWSyQr960p9OnGT4yEw64Q="></latexit>

!gauge→fermion,k

[
Aµ,ω

†,ω,ε†,ε
]
=

∫

p
Zω,k ω

† ,i, f (p) ϑ̄µϖµ ω
i, f (→p)→ i

∫

p1, p2

Z̃ω,kZ̃
1/2
A,k gAω†ω,k ω† ,i1f1(p2)

[
T (1)
Aω†ω(p1, p2)

]a i1i2f1f2

µ
Aa

µ(→p1 → p2)ω
i2f2(p1)

+

∫

p
Zε,k ε

† ,ϑ(p) ϑ̄µϖµε
ϑ(→p)→ i

∫

p1, p2

Zε,kZ̃
1/2
A,k gAε†ε,k ε

† ,ϑ1(p2)
[
T (1)
Aε†ε(p1, p2)

]aϑ1ϑ2

µ
Aa

µ(→p1 → p2)ε
ϑ2(p1)

<latexit sha1_base64="Gw8JH285HGtYf2SaOxaKVtG2v3g="></latexit>[
T (1)
Aω†ω(p1, p2)

]a i1i2f1f2

µ
= ω̄µ(T

a
F
)i1i2εf1f2 and

[
T (1)
Aε†ε(p1, p2)

]aϑ1ϑ2

µ
= ω̄µ(T

a
S )

ϑ1ϑ2

<latexit sha1_base64="mR7mU+BxQo+M+mwmp5VAAXrjQbI="></latexit>

!fermion,k[ω
†,ω,ε†,ε] = →

∫

x
Z2
ω

2∑

i=1

ϑiO
ω
i + Z2

ε

5∑

i=4

ϑiO
ε
i + ZωZε

7∑

i=6

ϑiO
εω
i ,
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Deriving full correlation functions
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Example: fermion-gauge vertex and flow of the coupling

with anomalous dimensions

e�

e+

µ�

µ+

=

e�

e+

�matter

µ�

µ+

+

e�

e+

h
µ�

µ+

+

e�

e+

µ�

µ+

<latexit sha1_base64="1iUKm7zxWW1ey90U3XvIrlsAnDQ="></latexit>

@tg ̄ A =
Tr

h
Tµ @t�( ̄ A)

k

i

Tr
⇥
T 2
µ

⇤
Z1/2
A Z 

+

✓
1

2
⌘A + ⌘ 

◆
g ̄ A

<latexit sha1_base64="fu5YfXOVnGm994MFOBSBVJQJEM8="></latexit>

@t�
( ̄ A)
k = @t

⇣
Z1/2
A Z g ̄ A · Tµ

⌘

<latexit sha1_base64="lPx9Vtaya4HFnH9Cqoi5i0r+N40="></latexit>

⌘�i = �@tZ�i

Z�i

= �
@p2 @t�

(�i�i)
k

Z�i

<latexit sha1_base64="APDeBUCJ4/S+RcH8VC0n5gZ/fCE=">AAACEHicbVC7SgNBFJ31GeMramkzGMTYhF2RaCMELbSMYB6QjcvdySQZMrO7zMwKYckn2PgrNhaK2Fra+TfOblJo4oEZDufcy733+BFnStv2t7WwuLS8sppby69vbG5tF3Z2GyqMJaF1EvJQtnxQlLOA1jXTnLYiSUH4nDb94VXqNx+oVCwM7vQooh0B/YD1GAFtJK9w5EYgNQPuaexegxBwn5RcHyR2I8Wy73jsDS+8QtEu2xnwPHGmpIimqHmFL7cbkljQQBMOSrUdO9KdJB1GOB3n3VjRCMgQ+rRtaACCqk6SHTTGh0bp4l4ozQs0ztTfHQkIpUbCN5UC9EDNeqn4n9eOde+8k7AgijUNyGRQL+ZYhzhNB3eZpETzkSFAJDO7YjIACUSbDPMmBGf25HnSOCk7lXLl9rRYvZzGkUP76ACVkIPOUBXdoBqqI4Ie0TN6RW/Wk/VivVsfk9IFa9qzh/7A+vwB7S+chg==</latexit>

ωt!
(ω̄ω)
k =

<latexit sha1_base64="7dw4Zgg8a4OjAKPowNe6assYRsQ=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSAkTdgViTZC1ELLCOYB2bjcnUySITO7y8ysEJZ8g42/YmOhiK2VnX/jJNlCEw/McDjnXu69x484U9q2v63M0vLK6lp2PbexubW9k9/da6gwloTWSchD2fJBUc4CWtdMc9qKJAXhc9r0h1cTv/lApWJhcKdHEe0I6AesxwhoI3n5khuB1Ay4p7F7DULAfVJ0fZDYjRSbfRelsTc89/IFu2xPgReJk5ICSlHz8l9uNySxoIEmHJRqO3akO8lkHOF0nHNjRSMgQ+jTtqEBCKo6yfSkMT4yShf3QmleoPFU/d2RgFBqJHxTKUAP1Lw3Ef/z2rHunXUSFkSxpgGZDerFHOsQT/LBXSYp0XxkCBDJzK6YDEAC0SbFnAnBmT95kTSOy06lXLk9KVQv0ziy6AAdoiJy0CmqohtUQ3VE0CN6Rq/ozXqyXqx362NWmrHSnn30B9bnD+YhnPs=</latexit>

ωt!
(ω̄ωA)
k =

<latexit sha1_base64="iDx5iAF9vZZF5W5vGwCjJzsIj3c=">AAACBXicbVC7SgNBFJ31GeMraqnFYBBiE3ZFoo2QaKFlBPOA7LrcnUySITO7y8ysEJY0Nv6KjYUitv6DnX/j5FFo4oELh3Pu5d57gpgzpW3721pYXFpeWc2sZdc3Nre2czu7dRUlktAaiXgkmwEoyllIa5ppTpuxpCACThtB/2rkNx6oVCwK7/Qgpp6Absg6jIA2kp87cGOQmgH3NXavQQi4TwsVXDke+v0LP5e3i/YYeJ44U5JHU1T93JfbjkgiaKgJB6Vajh1rLx1tIJwOs26iaAykD13aMjQEQZWXjr8Y4iOjtHEnkqZCjcfq74kUhFIDEZhOAbqnZr2R+J/XSnTn3EtZGCeahmSyqJNwrCM8igS3maRE84EhQCQzt2LSAwlEm+CyJgRn9uV5Uj8pOqVi6fY0X76cxpFB++gQFZCDzlAZ3aAqqiGCHtEzekVv1pP1Yr1bH5PWBWs6s4f+wPr8AfmFl5k=</latexit>

ωt!
(AA)
k =

<latexit sha1_base64="SuXnHXYI4tKK0CE4FjqwGG2gBd0=">AAACEnicbVC7TsMwFHXKq5RXgJHFokKCgSpBqDDyGGAsEqVISVo5rtNatZPIvkGqonwDC7/CwgBCrExs/A1u6QCUI1k6OudeXZ8TpoJrcJxPqzQzOze/UF6sLC2vrK7Z6xs3OskUZU2aiETdhkQzwWPWBA6C3aaKERkK1goH5yO/dceU5kl8DcOUBZL0Yh5xSsBIHXvPFywCz78gUpJ2vnuKT/eKTj7wIcFO4Sve60PQzvfdomNXnZozBp4m7oRU0QSNjv3hdxOaSRYDFURrz3VSCHKigFPBioqfaZYSOiA95hkaE8l0kI8jFXjHKF0cJcq8GPBY/bmRE6n1UIZmUhLo67/eSPzP8zKIjoOcx2kGLKbfh6JMYJN31A/ucsUoiKEhhCpu/oppnyhCwbRYMSW4fyNPk5uDmluv1a8OqydnkzrKaAtto13koiN0gi5RAzURRffoET2jF+vBerJerbfv0ZI12dlEv2C9fwEGiJ0W</latexit>[
!(AA)
k→0

]↑1

<latexit sha1_base64="krpZDBngBcQTdD9X7OTG6suVMYg=">AAACDXicbVC7TsMwFHV4lvIKMLJYFKSyVAlChbHAAGOR6ENqSnXjOq1VO4lsB6mK8gMs/AoLAwixsrPxN7iPAVqOZOvonHtln+PHnCntON/WwuLS8spqbi2/vrG5tW3v7NZVlEhCayTikWz6oChnIa1ppjltxpKC8Dlt+IOrkd94oFKxKLzTw5i2BfRCFjAC2kgd+9C7BiHgPi16PkjsxYpNrovjrJMOPB1hJ+vYBafkjIHniTslBTRFtWN/ed2IJIKGmnBQquU6sW6nIDUjnGZ5L1E0BjKAHm0ZGoKgqp2O02T4yChdHETSnFDjsfp7IwWh1FD4ZlKA7qtZbyT+57USHZy3UxbGiaYhmTwUJBybjKNqcJdJSjQfGgJEMvNXTPoggWhTYN6U4M5Gnif1k5JbLpVvTwuVy2kdObSPDlARuegMVdANqqIaIugRPaNX9GY9WS/Wu/UxGV2wpjt76A+szx/onprX</latexit>

!(ω̄ωA)
k→0

<latexit sha1_base64="krpZDBngBcQTdD9X7OTG6suVMYg=">AAACDXicbVC7TsMwFHV4lvIKMLJYFKSyVAlChbHAAGOR6ENqSnXjOq1VO4lsB6mK8gMs/AoLAwixsrPxN7iPAVqOZOvonHtln+PHnCntON/WwuLS8spqbi2/vrG5tW3v7NZVlEhCayTikWz6oChnIa1ppjltxpKC8Dlt+IOrkd94oFKxKLzTw5i2BfRCFjAC2kgd+9C7BiHgPi16PkjsxYpNrovjrJMOPB1hJ+vYBafkjIHniTslBTRFtWN/ed2IJIKGmnBQquU6sW6nIDUjnGZ5L1E0BjKAHm0ZGoKgqp2O02T4yChdHETSnFDjsfp7IwWh1FD4ZlKA7qtZbyT+57USHZy3UxbGiaYhmTwUJBybjKNqcJdJSjQfGgJEMvNXTPoggWhTYN6U4M5Gnif1k5JbLpVvTwuVy2kdObSPDlARuegMVdANqqIaIugRPaNX9GY9WS/Wu/UxGV2wpjt76A+szx/onprX</latexit>

!(ω̄ωA)
k→0

<latexit sha1_base64="fIcpWdIzOekLkQDxuvTEMdn03mg=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lEqseiFy9CBWsLTSib7aZdutkNu5NCCf0nXjwo4tV/4s1/47bNQVsfDDzem2FmXpQKbsDzvp3S2vrG5lZ5u7Kzu7d/4B4ePRmVacpaVAmlOxExTHDJWsBBsE6qGUkiwdrR6Hbmt8dMG67kI0xSFiZkIHnMKQEr9Vw3DygR+H6Kg1SrFFTPrXo1bw68SvyCVFGBZs/9CvqKZgmTQAUxput7KYQ50cCpYNNKkBmWEjoiA9a1VJKEmTCfXz7FZ1bp41hpWxLwXP09kZPEmEkS2c6EwNAsezPxP6+bQXwd5lymGTBJF4viTGBQeBYD7nPNKIiJJYRqbm/FdEg0oWDDqtgQ/OWXV8nTRc2v1+oPl9XGTRFHGZ2gU3SOfHSFGugONVELUTRGz+gVvTm58+K8Ox+L1pJTzByjP3A+fwA0V5Nn</latexit>

M →
☞

☞

Diagramatic flows to be computed

Vertex expansion of the effective average action

<latexit sha1_base64="HavkGLvDqji8RCHXNYKBiVwMElw="></latexit>

!k[”] =
→∑

n

∫

p
!
(!i1 ···!in )
k (p)”in(pn) · · ·”i1(p1)

<latexit sha1_base64="3wRYiEZ+hP2vUg06vEEnsZjoHVM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF09SwX5gG8pmu2mXbjZhdyKU0H/hxYMiXv033vw3btsctPpg4PHeDDPzgkQKg6775RRWVtfWN4qbpa3tnd298v5By8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp757UeujYjVPU4S7kd0qEQoGEUrPdz2s56OCOppv1xxq+4c5C/xclKBHI1++bM3iFkacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/OLp+TEKgMSxtqWQjJXf05kNDJmEgW2M6I4MsveTPzP66YYXvqZUEmKXLHFojCVBGMye58MhOYM5cQSyrSwtxI2opoytCGVbAje8st/Seus6tWqtbvzSv0qj6MIR3AMp+DBBdThBhrQBAYKnuAFXh3jPDtvzvuiteDkM4fwC87HN3obkM8=</latexit>

Ntr <latexit sha1_base64="WeBkMW4mbKrwQ54aWakgv0O5Blc="></latexit>

!
(!i1 ···!in )
k (p1, ..., pn) =

ω

ω”i1(p1)
· · · ω

ω”in(pn)
!k[”]with
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Dynamics from 

• Wrap up: what do we learn from this simple picture? 

- First dSB mechanism 

★ Global symmetry breaking:  

‣ Quantum numbers of the highest condensate 

★ Breaking of quantum scale invariance 

-   

- dSB scale:

30

0.50

0.75

1.00

1.25

1.50

<latexit sha1_base64="vDx2a8RyuDzH/Fb2xd0JJoTM2So=">AAACA3icbVC7SgNBFJ31GeMraqfNYBBSSNi1iHYG0lhGMA/IhjA7O5sMmccyM2sIIWBj7V/YWChia6N/YOcH+An2Th6FJh5m4HDOvdx7TxAzqo3rfjoLi0vLK6uptfT6xubWdmZnt6plojCpYMmkqgdIE0YFqRhqGKnHiiAeMFILuqWRX7smSlMprkw/Jk2O2oJGFCNjpVZm31cclqSIpOKI+cfQvh4VoezBVibr5t0x4DzxpiR7/vV25+e+38utzIcfSpxwIgxmSOuG58amOUDKUMzIMO0nmsQId1GbNCwViBPdHIxvGMIjq4TQrmG/MHCs/u4YIK51nwe2kiPT0bPeSPzPayQmOmsOqIgTQwSeDIoSBo2Eo0BgSBXBhvUtQVhRuyvEHaQQNja2tA3Bmz15nlRP8l4hX7h0s0UEJkiBA3AIcsADp6AILkAZVAAGN+AePIIn59Z5cJ6dl0npgjPt2QN/4Lz+AL+7m4o=</latexit>

Co
nf
or
ma

l w
ind

ow

<latexit sha1_base64="vMQIaGJAtW/hOY0n/iYHCwF5gzc=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyxCF6XMuKjurAjisoJ9QGcomTTThmaSIckIdeg3+AFuXCji1k/QP3DnB/gJ7k0fC209cOFwzr3ce08QM6q043xamaXlldW17HpuY3NrO2/v7DaUSCQmdSyYkK0AKcIoJ3VNNSOtWBIUBYw0g8H52G/eEKmo4Nd6GBM/Qj1OQ4qRNlLHznsygmcX0Ct5JSaU7tgFp+xMABeJOyOF06+3O6/4/V7r2B9eV+AkIlxjhpRqu06s/RRJTTEjo5yXKBIjPEA90jaUo4goP50cPoKHRunCUEhTXMOJ+nsiRZFSwygwnRHSfTXvjcX/vHaiwxM/pTxONOF4uihMGNQCjlOAXSoJ1mxoCMKSmlsh7iOJsDZZ5UwI7vzLi6RxVHYr5cqVU6giMEUW7IMDUAQuOAZVcAlqoA4wSMA9eARP1q31YD1bL9PWjDWb2QN/YL3+AHpHluw=</latexit> A
F
lo
st

<latexit sha1_base64="Um7bW1Offzrt2lP4KZGogUDDag0=">AAAB83icbVDLSgNBEOyNrxhfUY8eHAyCIIRdD1HwEtCDxwjmAdklzE4myZCZ2WVmVliW/IYXD4rk6s9402/x4ORx0MSChqKqm+6uMOZMG9f9dHIrq2vrG/nNwtb2zu5ecf+goaNEEVonEY9UK8SaciZp3TDDaStWFIuQ02Y4vJn4zUeqNIvkg0ljGgjcl6zHCDZW8n0l0G0qsWBEd4olt+xOgZaJNyel6vXx1/h7fF7rFD/8bkQSQaUhHGvd9tzYBBlWhhFORwU/0TTGZIj7tG2p3UJ1kE1vHqFTq3RRL1K2pEFT9fdEhoXWqQhtp8BmoBe9ifif105M7yrImIwTQyWZLeolHJkITQJAXaYoMTy1BBPF7K2IDLDCxNiYCjYEb/HlZdK4KHuVcuXepoFhhjwcwQmcgQeXUIU7qEEdCMTwBC/w6iTOs/PmjGetOWc+cwh/4Lz/ABL3lY4=</latexit>

Dynamics

Gies,Jaeckel[hep-ph/0507171]  
Goertz,APG,Pawlowski[2412.12254]

<latexit sha1_base64="KfOWB2XVZR2A5RR/k+bg2s3fM/k=">AAACBnicbVC7SgNBFJ31GeNr1VKEwSBEkLCbIlpGbKwkQl6QXcPdySQZMvtgZlYISyobf8XGQhFbvyHYCH6Mk00KTTxw4cw59zL3Hi/iTCrL+jKWlldW19YzG9nNre2dXXNvvy7DWBBaIyEPRdMDSTkLaE0xxWkzEhR8j9OGN7ia+I17KiQLg6oaRtT1oRewLiOgtNQ2j/KOBwI7kWTYOUscAhxXR+n79K7YNnNWwUqBF4k9I7nyZSP7Pf68qbTNsdMJSezTQBEOUrZsK1JuAkIxwuko68SSRkAG0KMtTQPwqXST9IwRPtFKB3dDoStQOFV/TyTgSzn0Pd3pg+rLeW8i/ue1YtW9cBMWRLGiAZl+1I05ViGeZII7TFCi+FATIILpXTHpgwCidHJZHYI9f/IiqRcLdqlQutVpAJoigw7RMcojG52jMrpGFVRDBD2gJ/SCXo1H49l4M96nrUvGbOYA/YHx8QPaC5tH</latexit>

(ω̄ T ω)2

<latexit sha1_base64="HixXBv1Bg5bggKbKcW7wSgAnTaU=">AAACA3icbZBLS8NAFIUnPmt9Rd3pZrAIrkoiUl2WunFZ0T6giWEynbRDZyZhZiKUEHDjX3HjQhG3/gl3/huTNAttPTDwcc69DPf4EaNKW9a3sbS8srq2Xtmobm5t7+yae/tdFcYSkw4OWSj7PlKEUUE6mmpG+pEkiPuM9PzJVZ73HohUNBR3ehoRl6ORoAHFSGeWZx46iEVj5CWO5PC2ld4XgCXVqWfWrLpVCC6CXUINlGp75pczDHHMidCYIaUGthVpN0FSU8xIWnViRSKEJ2hEBhkKxIlyk+KGFJ5kzhAGocye0LBwf28kiCs15X42yZEeq/ksN//LBrEOLt2EiijWRODZR0HMoA5hXggcUkmwZtMMUH43xRCPkURYZ7VVsxLs+ZMXoXtWtxv1xs15rdkq66iAI3AMToENLkATXIM26AAMHsEzeAVvxpPxYrwbH7PRJaPcOQB/ZHz+AAGEl8Y=</latexit>

ωcrit
SB

<latexit sha1_base64="X8fdDqmNmbm2VnEB7MBfspuh56M=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR5LvXisaD+wXUo2zbahSXZJskJZ+i+8eFDEq//Gm//GdLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcjP3O09UaRbJBzONqS/wSLKQEWys9DgZpH0l0H1jNihX3KqbAa0SLycVyNEclL/6w4gkgkpDONa657mx8VOsDCOczkr9RNMYkwke0Z6lEguq/TS7eIbOrDJEYaRsSYMy9fdEioXWUxHYToHNWC97c/E/r5eY8NpPmYwTQyVZLAoTjkyE5u+jIVOUGD61BBPF7K2IjLHCxNiQSjYEb/nlVdK+qHq1au3uslJv5HEU4QRO4Rw8uII63EITWkBAwjO8wpujnRfn3flYtBacfOYY/sD5/AEr3pCb</latexit>

kSB
<latexit sha1_base64="G1bm9i+1Q9wQvwHlv1KFw+zrI/Y=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jJDGSLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jUo1oS2iuNKdCBvKmaQtyyynnURTLCJOH6Lx7cx/eKLaMCWbdpLQUOChZDEj2DrpsdnPelogMu2XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2P3iKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPv0YBpSiyfOIKJZu5WREZYY2JdRiUXQrD88ippX1SDWrV2f1mp3+RxFOEETuEcAriCOtxBA1pAQMAzvMKbp70X7937WLQWvHzmGP7A+/wBlFqQSA==</latexit>

Tc~ ~
<latexit sha1_base64="58FOpyhs+t3DiiiGOMMevecH9CM=">AAACBnicbZDLSsNAFIZPvNZ6i7oUYbAIdVMSkeqy6MadFewFmlIm00k7dDIJMxOhhK7c+CpuXCji1mdw59s4TbPQ1h8GPv5zDmfO78ecKe0439bS8srq2npho7i5tb2za+/tN1WUSEIbJOKRbPtYUc4EbWimOW3HkuLQ57Tlj66n9dYDlYpF4l6PY9oN8UCwgBGsjdWzj1KPYI5uJ2WPYzHgFHnxkHky49OeXXIqTia0CG4OJchV79lfXj8iSUiFJhwr1XGdWHdTLDUjnE6KXqJojMkID2jHoMAhVd00O2OCTozTR0EkzRMaZe7viRSHSo1D33SGWA/VfG1q/lfrJDq47KZMxImmgswWBQlHOkLTTFCfSUo0HxvARDLzV0SGWGKiTXJFE4I7f/IiNM8qbrVSvTsv1a7yOApwCMdQBhcuoAY3UIcGEHiEZ3iFN+vJerHerY9Z65KVzxzAH1mfP3ExmH0=</latexit>
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Gauge symmetry in the RG flow
• Gauge symmetry at the quantum level ☞ Slavnov-Taylor identities (STIs) ☞ In the presence of a cutoff derive the modified STIs 

(mSTIs). 

- In the physical limit  and  and  mSTI ☞ STI  and no gauge symmetry breaking is present. (*) 

• Under control: concentually and quantitatively  

- Deviation from the STI can be checked along the RG-flow 

- Gauge invariant flow equations and field transformations

k → 0 Rk → 0

31

<latexit sha1_base64="suqPWuNa2zWWAXkMs2yysxfPXDY="></latexit>

�Sk[�] =

Z

p
�(p)Rk�(�p)

Pawlowski,Schneider,Wink[2202.11123]

Ihssen,Pawlowski[2503.22638]
Morris,Rosten[0606189] 

Wetterich[1607.02989]

Pawlowski[0512261] Gies[0611146]

Becchi[9607188],Bonini,D’Attanasio,Marchesini’95 Ellwanger[9402077]

<latexit sha1_base64="ves0UfBU8MJP9WRHVS2sgLwW57o="></latexit>∫

x

ω!

ωQi(x)

ω!

ω”i(x)
= 0

<latexit sha1_base64="IUuKgb3BDgrVKCJA8gFdYoibc3k="></latexit>∫

x

ω!k

ωQi(x)

ω!k

ω”i(x)
= TrRijGjl

ω2!k[”,Q]

ω”lωQi
<latexit sha1_base64="R2WezR+tvz4cXPa264fo56Pkc6M=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUeElcwODUyYnd3MzJqQDX/hxYPGePVvvPk3DrAHBSvppFLVne6uIBZcG9f9dnJr6xubW/ntws7u3v5B8fCoqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLx7cxvPaHSPJL3ZhKjH9Kh5APOqLHSQ9plVJD69JH3iiW37M5BVomXkRJkqPWKX91+xJIQpWGCat3x3Nj4KVWGM4HTQjfRGFM2pkPsWCppiNpP5xdPyZlV+mQQKVvSkLn6eyKlodaTMLCdITUjvezNxP+8TmIG137KZZwYlGyxaJAIYiIye5/0uUJmxMQSyhS3txI2oooyY0Mq2BC85ZdXSfOi7FXKlfplqXqTxZGHEziFc/DgCqpwBzVoAAMJz/AKb452Xpx352PRmnOymWP4A+fzBzqlkKU=</latexit>

Qi

<latexit sha1_base64="MxJsK3rCeTa41Jr1O1GoE/jr6SM=">AAACF3icbVDLSgMxFM34rPVVdekmWAQXpcyIVDdC1Y3LCvYBzTBkMpk2NPMguSOUoX/hxl9x40IRt7rzb0wfC209cLmHc+4lucdPpdBg29/W0vLK6tp6YaO4ubW9s1va22/pJFOMN1kiE9XxqeZSxLwJAiTvpIrTyJe87Q9uxn77gSstkvgehil3I9qLRSgYBSN5pSpp9IUnLonkIZD8yiNRVmEVTHyq8LjLIAGNiRK9PpCRVyrbVXsCvEicGSmjGRpe6YsECcsiHgOTVOuuY6fg5lSBYJKPiiTTPKVsQHu8a2hMI67dfHLXCB8bJcBhokzFgCfq742cRloPI99MRhT6et4bi/953QzCCzcXcZoBj9n0oTCTGBI8DgkHQnEGcmgIZUqYv2LWp4oyMFEWTQjO/MmLpHVadWrV2t1ZuX49i6OADtEROkEOOkd1dIsaqIkYekTP6BW9WU/Wi/VufUxHl6zZzgH6A+vzB4qRnvA=</latexit>

!i = {Aµ, c, c̄, . . .}

: BRST sources of the  fieldsΦi
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STIs and mSTIs and confinement

• Insertion of mass-like regulator: Slavnov-Taylor identities (STIs) for gauge invariance  modified STIs (mSTIs)

• In the physical limit  and  and  mSTI ☞ STI  and no gauge symmetry breaking is present (*) 

• “easy” approach: physics at -dependent correlation functions  

- Minimise mSTI and STI deviations for   

- Hands-on approach: include problematic power-law corrections to the flow of the gauge mass gap only in the confinement 
regime 

- Upgrade with full momentum dependencies

→

k → 0 Rk → 0

k

k ≠ 0

32

<latexit sha1_base64="suqPWuNa2zWWAXkMs2yysxfPXDY="></latexit>

�Sk[�] =

Z

p
�(p)Rk�(�p)

<latexit sha1_base64="ves0UfBU8MJP9WRHVS2sgLwW57o="></latexit>∫

x

ω!

ωQi(x)

ω!

ω”i(x)
= 0

<latexit sha1_base64="IUuKgb3BDgrVKCJA8gFdYoibc3k="></latexit>∫

x

ω!k

ωQi(x)

ω!k

ω”i(x)
= TrRijGjl

ω2!k[”,Q]

ω”lωQi
<latexit sha1_base64="R2WezR+tvz4cXPa264fo56Pkc6M=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUeElcwODUyYnd3MzJqQDX/hxYPGePVvvPk3DrAHBSvppFLVne6uIBZcG9f9dnJr6xubW/ntws7u3v5B8fCoqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLx7cxvPaHSPJL3ZhKjH9Kh5APOqLHSQ9plVJD69JH3iiW37M5BVomXkRJkqPWKX91+xJIQpWGCat3x3Nj4KVWGM4HTQjfRGFM2pkPsWCppiNpP5xdPyZlV+mQQKVvSkLn6eyKlodaTMLCdITUjvezNxP+8TmIG137KZZwYlGyxaJAIYiIye5/0uUJmxMQSyhS3txI2oooyY0Mq2BC85ZdXSfOi7FXKlfplqXqTxZGHEziFc/DgCqpwBzVoAAMJz/AKb452Xpx352PRmnOymWP4A+fzBzqlkKU=</latexit>

Qi

<latexit sha1_base64="MxJsK3rCeTa41Jr1O1GoE/jr6SM=">AAACF3icbVDLSgMxFM34rPVVdekmWAQXpcyIVDdC1Y3LCvYBzTBkMpk2NPMguSOUoX/hxl9x40IRt7rzb0wfC209cLmHc+4lucdPpdBg29/W0vLK6tp6YaO4ubW9s1va22/pJFOMN1kiE9XxqeZSxLwJAiTvpIrTyJe87Q9uxn77gSstkvgehil3I9qLRSgYBSN5pSpp9IUnLonkIZD8yiNRVmEVTHyq8LjLIAGNiRK9PpCRVyrbVXsCvEicGSmjGRpe6YsECcsiHgOTVOuuY6fg5lSBYJKPiiTTPKVsQHu8a2hMI67dfHLXCB8bJcBhokzFgCfq742cRloPI99MRhT6et4bi/953QzCCzcXcZoBj9n0oTCTGBI8DgkHQnEGcmgIZUqYv2LWp4oyMFEWTQjO/MmLpHVadWrV2t1ZuX49i6OADtEROkEOOkd1dIsaqIkYekTP6BW9WU/Wi/VufUxHl6zZzgH6A+vzB4qRnvA=</latexit>

!i = {Aµ, c, c̄, . . .}

: BRST sources of the  fieldsΦi
→

<latexit sha1_base64="VQFHsMKbcfCvfNztBy1TMDrfXO4="></latexit>

ωtm̄
2
gap = (→2 + εA) m̄

2
gap + FlowAA(p

2 = 0)



 Álvaro Pastor Gutiérrez

STIs and mSTIs and confinement

• Insertion of mass-like regulator: Slavnov-Taylor identities (STIs) for gauge invariance  modified STIs (mSTIs)

• In the physical limit  and  and  mSTI ☞ STI  and no gauge symmetry breaking is present (*) 

• “easy” approach: physics at -dependent correlation functions  

- Minimise mSTI and STI deviations for   

- Hands-on approach: include problematic power-law corrections to the flow of the gauge mass gap only in the confinement 
regime 

- Upgrade with full momentum dependencies

→

k → 0 Rk → 0

k

k ≠ 0
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<latexit sha1_base64="suqPWuNa2zWWAXkMs2yysxfPXDY="></latexit>

�Sk[�] =

Z

p
�(p)Rk�(�p)

<latexit sha1_base64="ves0UfBU8MJP9WRHVS2sgLwW57o="></latexit>∫

x

ω!

ωQi(x)

ω!

ω”i(x)
= 0

<latexit sha1_base64="IUuKgb3BDgrVKCJA8gFdYoibc3k="></latexit>∫

x

ω!k

ωQi(x)

ω!k

ω”i(x)
= TrRijGjl

ω2!k[”,Q]

ω”lωQi
<latexit sha1_base64="R2WezR+tvz4cXPa264fo56Pkc6M=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUeElcwODUyYnd3MzJqQDX/hxYPGePVvvPk3DrAHBSvppFLVne6uIBZcG9f9dnJr6xubW/ntws7u3v5B8fCoqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLx7cxvPaHSPJL3ZhKjH9Kh5APOqLHSQ9plVJD69JH3iiW37M5BVomXkRJkqPWKX91+xJIQpWGCat3x3Nj4KVWGM4HTQjfRGFM2pkPsWCppiNpP5xdPyZlV+mQQKVvSkLn6eyKlodaTMLCdITUjvezNxP+8TmIG137KZZwYlGyxaJAIYiIye5/0uUJmxMQSyhS3txI2oooyY0Mq2BC85ZdXSfOi7FXKlfplqXqTxZGHEziFc/DgCqpwBzVoAAMJz/AKb452Xpx352PRmnOymWP4A+fzBzqlkKU=</latexit>

Qi

<latexit sha1_base64="MxJsK3rCeTa41Jr1O1GoE/jr6SM=">AAACF3icbVDLSgMxFM34rPVVdekmWAQXpcyIVDdC1Y3LCvYBzTBkMpk2NPMguSOUoX/hxl9x40IRt7rzb0wfC209cLmHc+4lucdPpdBg29/W0vLK6tp6YaO4ubW9s1va22/pJFOMN1kiE9XxqeZSxLwJAiTvpIrTyJe87Q9uxn77gSstkvgehil3I9qLRSgYBSN5pSpp9IUnLonkIZD8yiNRVmEVTHyq8LjLIAGNiRK9PpCRVyrbVXsCvEicGSmjGRpe6YsECcsiHgOTVOuuY6fg5lSBYJKPiiTTPKVsQHu8a2hMI67dfHLXCB8bJcBhokzFgCfq742cRloPI99MRhT6et4bi/953QzCCzcXcZoBj9n0oTCTGBI8DgkHQnEGcmgIZUqYv2LWp4oyMFEWTQjO/MmLpHVadWrV2t1ZuX49i6OADtEROkEOOkd1dIsaqIkYekTP6BW9WU/Wi/VufUxHl6zZzgH6A+vzB4qRnvA=</latexit>

!i = {Aµ, c, c̄, . . .}

: BRST sources of the  fieldsΦi
→

<latexit sha1_base64="VQFHsMKbcfCvfNztBy1TMDrfXO4="></latexit>

ωtm̄
2
gap = (→2 + εA) m̄

2
gap + FlowAA(p

2 = 0) Chiral symmetry intact:
<latexit sha1_base64="QqU8gvyROvYPNv7vKq72WGXRgnw="></latexit>

Rω/ε, k(p
2) = iZω/ε ω̄µpµ rω/ε(x)

<latexit sha1_base64="Kb9/PhZXogIAE1cDjWNYwdOZbXI="></latexit>

rω/ε(x) = (1/
→
x↑ 1) ω (1↑ x)
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Systematics: minimasing the mSTI/STI deviation

33

0.01 0.10 1 10
0

1

2

3

4

0.01 0.10 1 10
1

10

100

1000

0.01 0.10 1 10
0.0

0.5

1.0

1.5

2.0

- control onset of power-law divergences in the flow of the gauge mass gap. <latexit sha1_base64="VQFHsMKbcfCvfNztBy1TMDrfXO4="></latexit>

ωtm̄
2
gap = (→2 + εA) m̄

2
gap + FlowAA(p

2 = 0)
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Dynamical chiral symmetry breaking
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<latexit sha1_base64="axB9tumgv4ngvDhuk0MFBHyZMMk="></latexit>

+ <latexit sha1_base64="axB9tumgv4ngvDhuk0MFBHyZMMk="></latexit>

+

Gies, Wetterich ’01Stratonovich’57 Hubbard’59

Fukushima,Pawlowski,Strodthoff [2103.01129]

Gies, Wetterich ’01Pawlowski[hep-th/0512261]

<latexit sha1_base64="Lyk4ihb/gTVAlfW3yEXQ1StVONs="></latexit>

!k[”] → ↑
∫

x
ω̄ω

(
ε̄ T(S→P)ε

)2
+ . . .

<latexit sha1_base64="/0aJx/7jvckFMNpqEQiLS8JBJ0A=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUr0IRS+epIL9gHYp2TTbxmaTJckKZel/8OJBEa/+H2/+G7PtHrT6YODx3gwz84KYM21c98sprKyurW8UN0tb2zu7e+X9g7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLnO/M4jVZpJcW+mMfUjPBIsZAQbK7VvB+FlrTQoV9yqOwf6S7ycVCBHc1D+7A8lSSIqDOFY657nxsZPsTKMcDor9RNNY0wmeER7lgocUe2n82tn6MQqQxRKZUsYNFd/TqQ40noaBbYzwmasl71M/M/rJSa88FMm4sRQQRaLwoQjI1H2OhoyRYnhU0swUczeisgYK0yMDSgLwVt++S9p16pevVq/O6s0rvI4inAEx3AKHpxDA26gCS0g8ABP8AKvjnSenTfnfdFacPKZQ/gF5+MbSbCOTQ==</latexit>

Nf = 2
<latexit sha1_base64="J6PIMUxc+5Purv9q5nAuY1jTWkI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9lVqV6EohdPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN1O/dYTVZpJ8WjGCQ1iPBAsYgQbK/n3PXJ93itX3Ko7A1omXk4qkKPRK391+5KkMRWGcKx1x3MTE2RYGUY4nZS6qaYJJiM8oB1LBY6pDrLZsRN0YpU+iqSyJQyaqb8nMhxrPY5D2xljM9SL3lT8z+ukJroKMiaS1FBB5ouilCMj0fRz1GeKEsPHlmCimL0VkSFWmBibT8mG4C2+vEyaZ1WvVq09XFTqN3kcRTiCYzgFDy6hDnfQAB8IMHiGV3hzhPPivDsf89aCk88cwh84nz8RDI43</latexit>

Nc = 3

Dynamical bosonisation and generalised flow equation

<latexit sha1_base64="4+lTHcm9pu7C3VLY5cDhPqpzPE8="></latexit>

!k[”] →
∫

x
h̄ ω̄

(
T 0
f ε + iϑ5T

a
f ϖ

a
)
ω + Zω (ϱµς)

2 + V (ς2) + . . .

Goertz,APG,Pawlowski[2412.12254]
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Dynamical chiral symmetry breaking
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<latexit sha1_base64="axB9tumgv4ngvDhuk0MFBHyZMMk="></latexit>

+ <latexit sha1_base64="axB9tumgv4ngvDhuk0MFBHyZMMk="></latexit>

+

Gies, Wetterich ’01Stratonovich’57 Hubbard’59

Fukushima,Pawlowski,Strodthoff [2103.01129]

Gies, Wetterich ’01Pawlowski[hep-th/0512261]

<latexit sha1_base64="Lyk4ihb/gTVAlfW3yEXQ1StVONs="></latexit>

!k[”] → ↑
∫

x
ω̄ω

(
ε̄ T(S→P)ε

)2
+ . . .

<latexit sha1_base64="/0aJx/7jvckFMNpqEQiLS8JBJ0A=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUr0IRS+epIL9gHYp2TTbxmaTJckKZel/8OJBEa/+H2/+G7PtHrT6YODx3gwz84KYM21c98sprKyurW8UN0tb2zu7e+X9g7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLnO/M4jVZpJcW+mMfUjPBIsZAQbK7VvB+FlrTQoV9yqOwf6S7ycVCBHc1D+7A8lSSIqDOFY657nxsZPsTKMcDor9RNNY0wmeER7lgocUe2n82tn6MQqQxRKZUsYNFd/TqQ40noaBbYzwmasl71M/M/rJSa88FMm4sRQQRaLwoQjI1H2OhoyRYnhU0swUczeisgYK0yMDSgLwVt++S9p16pevVq/O6s0rvI4inAEx3AKHpxDA26gCS0g8ABP8AKvjnSenTfnfdFacPKZQ/gF5+MbSbCOTQ==</latexit>

Nf = 2
<latexit sha1_base64="J6PIMUxc+5Purv9q5nAuY1jTWkI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9lVqV6EohdPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN1O/dYTVZpJ8WjGCQ1iPBAsYgQbK/n3PXJ93itX3Ko7A1omXk4qkKPRK391+5KkMRWGcKx1x3MTE2RYGUY4nZS6qaYJJiM8oB1LBY6pDrLZsRN0YpU+iqSyJQyaqb8nMhxrPY5D2xljM9SL3lT8z+ukJroKMiaS1FBB5ouilCMj0fRz1GeKEsPHlmCimL0VkSFWmBibT8mG4C2+vEyaZ1WvVq09XFTqN3kcRTiCYzgFDy6hDnfQAB8IMHiGV3hzhPPivDsf89aCk88cwh84nz8RDI43</latexit>

Nc = 3

Dynamical bosonisation and generalised flow equation

<latexit sha1_base64="4+lTHcm9pu7C3VLY5cDhPqpzPE8="></latexit>
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a
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2 + V (ς2) + . . .

<latexit sha1_base64="XUW6MRzS9VmfVXpHoEIMYwemYlo="></latexit>✓
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Dynamics in the chirally broken phase
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✦ Obtaining fundamental parameters  

- Constituent fermion masses:  

- Chiral condensate:  

- Composite masses of bosonised channels:  

✦ Account for higher dimensional fermionic operators via 

higher-order scalar potential: 

- Non-perturbative effects and higher precision

mψ

⟨σ⟩ ∼ fπ

mσ, mπ

<latexit sha1_base64="kdMiUGZXEmcNZILjSMPX5EmeEiE="></latexit>�

<latexit sha1_base64="kdMiUGZXEmcNZILjSMPX5EmeEiE="></latexit>�

<latexit sha1_base64="kdMiUGZXEmcNZILjSMPX5EmeEiE="></latexit>�

<latexit sha1_base64="kdMiUGZXEmcNZILjSMPX5EmeEiE="></latexit>�

<latexit sha1_base64="U7S5akzn4hbCK49QXiUpckDtbVc="></latexit>⇡

<latexit sha1_base64="U7S5akzn4hbCK49QXiUpckDtbVc="></latexit>⇡

<latexit sha1_base64="U7S5akzn4hbCK49QXiUpckDtbVc="></latexit>⇡

<latexit sha1_base64="U7S5akzn4hbCK49QXiUpckDtbVc="></latexit>⇡

✦ Flows computed: 

✦ Continuous interpolation between chirally symmetric and 

broken regimes 

✦ A clear and precise way to diagnose SBχ

<latexit sha1_base64="k+gIh6uDEh5QUdtAU5LM+C1q4+Q=">AAACGXicbVDLSgMxFM3UV62vqks3g0WoUMqMSHVZdOOygn1gMwyZNNMJzTxI7ghl6G+48VfcuFDEpa78G9N2Ftp6IORwzr03ucdLBFdgWd9GYWV1bX2juFna2t7Z3SvvH3RUnErK2jQWsex5RDHBI9YGDoL1EslI6AnW9UbXU7/7wKTicXQH44Q5IRlG3OeUgJbcsoUF8wFnQa1TxUnAT2v3Lk4Un10Br2GhZw2Iy7HkwwDwxC1XrLo1g7lM7JxUUI6WW/7Eg5imIYuACqJU37YScDIigVPBJiWcKpYQOiJD1tc0IiFTTjbbbGKeaGVg+rHUJwJzpv7uyEio1Dj0dGVIIFCL3lT8z+un4F86GY+SFFhE5w/5qTAhNqcxmQMuGQUx1oRQyfVfTRoQSSjoMEs6BHtx5WXSOavbjXrj9rzSvMrjKKIjdIyqyEYXqIluUAu1EUWP6Bm9ojfjyXgx3o2PeWnByHsO0R8YXz8Lc6Bf</latexit>
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<latexit sha1_base64="/0aJx/7jvckFMNpqEQiLS8JBJ0A=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUr0IRS+epIL9gHYp2TTbxmaTJckKZel/8OJBEa/+H2/+G7PtHrT6YODx3gwz84KYM21c98sprKyurW8UN0tb2zu7e+X9g7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLnO/M4jVZpJcW+mMfUjPBIsZAQbK7VvB+FlrTQoV9yqOwf6S7ycVCBHc1D+7A8lSSIqDOFY657nxsZPsTKMcDor9RNNY0wmeER7lgocUe2n82tn6MQqQxRKZUsYNFd/TqQ40noaBbYzwmasl71M/M/rJSa88FMm4sRQQRaLwoQjI1H2OhoyRYnhU0swUczeisgYK0yMDSgLwVt++S9p16pevVq/O6s0rvI4inAEx3AKHpxDA26gCS0g8ABP8AKvjnSenTfnfdFacPKZQ/gF5+MbSbCOTQ==</latexit>

Nf = 2
<latexit sha1_base64="J6PIMUxc+5Purv9q5nAuY1jTWkI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9lVqV6EohdPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN1O/dYTVZpJ8WjGCQ1iPBAsYgQbK/n3PXJ93itX3Ko7A1omXk4qkKPRK391+5KkMRWGcKx1x3MTE2RYGUY4nZS6qaYJJiM8oB1LBY6pDrLZsRN0YpU+iqSyJQyaqb8nMhxrPY5D2xljM9SL3lT8z+ukJroKMiaS1FBB5ouilCMj0fRz1GeKEsPHlmCimL0VkSFWmBibT8mG4C2+vEyaZ1WvVq09XFTqN3kcRTiCYzgFDy6hDnfQAB8IMHiGV3hzhPPivDsf89aCk88cwh84nz8RDI43</latexit>

Nc = 3
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✦ Mass gap as a dialing parameter 

✦ Confining solutions: 

- Scaling  

- Decoupling 

<latexit sha1_base64="hXrn4b5leJWPlwxh5wOGbXZL+XE="></latexit>
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✦ Non-confining solutions: 

- Coulomb phase 

- Massive Yang-Mills

Fischer,Maas,Pawlowski[0810.1987]
Cyrol,Fister,Mitter,Pawlowski [1605.01856]

Goertz,APG,Pawlowski[2412.12254]



Thermal precondensation in 
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<latexit sha1_base64="F3VCIHECPg1PCP+TPoDchTz91D8=">AAACFXicbVDLSsNAFJ34rPVVdekmWIQWpCQi1WXRjcsKfUETwmQ6aYdOJmHmRgghP+HGX3HjQhG3gjv/xukD1NYDF86ccy9z7/FjzhRY1pexsrq2vrFZ2Cpu7+zu7ZcODjsqSiShbRLxSPZ8rChngraBAae9WFIc+px2/fHNxO/eU6lYJFqQxtQN8VCwgBEMWvJKZ04gMckcxYYh9qyKrOY/D4eJANKql7UciKw890plq2ZNYS4Te07KaI6mV/p0BhFJQiqAcKxU37ZicDMsgRFO86KTKBpjMsZD2tdU4JAqN5telZunWhmYQSR1CTCn6u+JDIdKpaGvO0MMI7XoTcT/vH4CwZWbMREnQAWZfRQk3ITInERkDpikBHiqCSaS6V1NMsI6JtBBFnUI9uLJy6RzXrPrtfrdRblxPY+jgI7RCaogG12iBrpFTdRGBD2gJ/SCXo1H49l4M95nrSvGfOYI/YHx8Q1vwZ8C</latexit>

ω0(r)

ω0(→)T→0

<latexit sha1_base64="NRlFs/NyVECubbbV2q4OYpV1gJg=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUlEqsuiG5cV2lpIQphMJ+3QyYOZG6GEbtz4K25cKOLWf3Dn3zhps9DWAxcO59zL5ZwgFVyBZX0blZXVtfWN6mZta3tnd8/cP+ipJJOUdWkiEtkPiGKCx6wLHATrp5KRKBDsPhjfFP79A5OKJ3EHJinzIjKMecgpAS355nEHu4KF4OCOn7sywlRymLqSD0fg+Wbdalgz4GVil6SOSrR988sdJDSLWAxUEKUc20rBy4kETgWb1txMsZTQMRkyR9OYREx5+SzFFJ9qZYDDROqJAc/U3xc5iZSaRIHejAiM1KJXiP95TgbhlZfzOM2AxXT+KMwEhgQXleABl4yCmGhCivicYjoiklDQxdV0CfZi5GXSO2/YzUbz7qLeui7rqKIjdILOkI0uUQvdojbqIooe0TN6RW/Gk/FivBsf89WKUd4coj8wPn8ADVuYUw==</latexit>

T [Tcrit]
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Symmetric phase 

Broken phase 

Precondensation phase 

<latexit sha1_base64="K4o34ZlJaHC5mNIwIZLaiZSdP7w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqqH6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4LONAQ==</latexit>r
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<latexit sha1_base64="F3VCIHECPg1PCP+TPoDchTz91D8=">AAACFXicbVDLSsNAFJ34rPVVdekmWIQWpCQi1WXRjcsKfUETwmQ6aYdOJmHmRgghP+HGX3HjQhG3gjv/xukD1NYDF86ccy9z7/FjzhRY1pexsrq2vrFZ2Cpu7+zu7ZcODjsqSiShbRLxSPZ8rChngraBAae9WFIc+px2/fHNxO/eU6lYJFqQxtQN8VCwgBEMWvJKZ04gMckcxYYh9qyKrOY/D4eJANKql7UciKw890plq2ZNYS4Te07KaI6mV/p0BhFJQiqAcKxU37ZicDMsgRFO86KTKBpjMsZD2tdU4JAqN5telZunWhmYQSR1CTCn6u+JDIdKpaGvO0MMI7XoTcT/vH4CwZWbMREnQAWZfRQk3ITInERkDpikBHiqCSaS6V1NMsI6JtBBFnUI9uLJy6RzXrPrtfrdRblxPY+jgI7RCaogG12iBrpFTdRGBD2gJ/SCXo1H49l4M95nrSvGfOYI/YHx8Q1vwZ8C</latexit>

ω0(r)

ω0(→)T→0

<latexit sha1_base64="NRlFs/NyVECubbbV2q4OYpV1gJg=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUlEqsuiG5cV2lpIQphMJ+3QyYOZG6GEbtz4K25cKOLWf3Dn3zhps9DWAxcO59zL5ZwgFVyBZX0blZXVtfWN6mZta3tnd8/cP+ipJJOUdWkiEtkPiGKCx6wLHATrp5KRKBDsPhjfFP79A5OKJ3EHJinzIjKMecgpAS355nEHu4KF4OCOn7sywlRymLqSD0fg+Wbdalgz4GVil6SOSrR988sdJDSLWAxUEKUc20rBy4kETgWb1txMsZTQMRkyR9OYREx5+SzFFJ9qZYDDROqJAc/U3xc5iZSaRIHejAiM1KJXiP95TgbhlZfzOM2AxXT+KMwEhgQXleABl4yCmGhCivicYjoiklDQxdV0CfZi5GXSO2/YzUbz7qLeui7rqKIjdILOkI0uUQvdojbqIooe0TN6RW/Gk/FivBsf89WKUd4coj8wPn8ADVuYUw==</latexit>

T [Tcrit]
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E
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N
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E
N
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N

Symmetric phase 

Broken phase 

Precondensation phase 

<latexit sha1_base64="K4o34ZlJaHC5mNIwIZLaiZSdP7w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqqH6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4LONAQ==</latexit>r

Symmetric Mixed Broken

<latexit sha1_base64="Gm9iQU89y7caWGtKWN0FQbxyFTw=">AAACE3icbZDLSsNAFIYn9dbWW9Slm8GiVIWSiFQ3QlEXLivYCzQhTKaTduhMEmYmYgl9Bze+ihsXirh14863cXoRauuBgY//P4cz5/djRqWyrG8js7C4tLySzeVX19Y3Ns2t7bqMEoFJDUcsEk0fScJoSGqKKkaasSCI+4w0/N7V0G/cEyFpFN6pfkxcjjohDShGSkueeZQ7cCTtcORZxYfDi1+Gx9C5JkyhKdMzC1bJGhWcB3sCBTCpqmd+Oe0IJ5yECjMkZcu2YuWmSCiKGRnknUSSGOEe6pCWxhBxIt10dNMA7mulDYNI6BcqOFKnJ1LEpexzX3dypLpy1huK/3mtRAXnbkrDOFEkxONFQcKgiuAwINimgmDF+hoQFlT/FeIuEggrHWNeh2DPnjwP9ZOSXS6Vb08LlctJHFmwC/ZAEdjgDFTADaiCGsDgETyDV/BmPBkvxrvxMW7NGJOZHfCnjM8fXLub/Q==</latexit>

ω0(x) = ω0 +!ω0(x)

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x
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<latexit sha1_base64="F3VCIHECPg1PCP+TPoDchTz91D8=">AAACFXicbVDLSsNAFJ34rPVVdekmWIQWpCQi1WXRjcsKfUETwmQ6aYdOJmHmRgghP+HGX3HjQhG3gjv/xukD1NYDF86ccy9z7/FjzhRY1pexsrq2vrFZ2Cpu7+zu7ZcODjsqSiShbRLxSPZ8rChngraBAae9WFIc+px2/fHNxO/eU6lYJFqQxtQN8VCwgBEMWvJKZ04gMckcxYYh9qyKrOY/D4eJANKql7UciKw890plq2ZNYS4Te07KaI6mV/p0BhFJQiqAcKxU37ZicDMsgRFO86KTKBpjMsZD2tdU4JAqN5telZunWhmYQSR1CTCn6u+JDIdKpaGvO0MMI7XoTcT/vH4CwZWbMREnQAWZfRQk3ITInERkDpikBHiqCSaS6V1NMsI6JtBBFnUI9uLJy6RzXrPrtfrdRblxPY+jgI7RCaogG12iBrpFTdRGBD2gJ/SCXo1H49l4M95nrSvGfOYI/YHx8Q1vwZ8C</latexit>

ω0(r)

ω0(→)T→0

<latexit sha1_base64="NRlFs/NyVECubbbV2q4OYpV1gJg=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUlEqsuiG5cV2lpIQphMJ+3QyYOZG6GEbtz4K25cKOLWf3Dn3zhps9DWAxcO59zL5ZwgFVyBZX0blZXVtfWN6mZta3tnd8/cP+ipJJOUdWkiEtkPiGKCx6wLHATrp5KRKBDsPhjfFP79A5OKJ3EHJinzIjKMecgpAS355nEHu4KF4OCOn7sywlRymLqSD0fg+Wbdalgz4GVil6SOSrR988sdJDSLWAxUEKUc20rBy4kETgWb1txMsZTQMRkyR9OYREx5+SzFFJ9qZYDDROqJAc/U3xc5iZSaRIHejAiM1KJXiP95TgbhlZfzOM2AxXT+KMwEhgQXleABl4yCmGhCivicYjoiklDQxdV0CfZi5GXSO2/YzUbz7qLeui7rqKIjdILOkI0uUQvdojbqIooe0TN6RW/Gk/FivBsf89WKUd4coj8wPn8ADVuYUw==</latexit>

T [Tcrit]
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<latexit sha1_base64="dautC8mXyVp0Dhv43IXxEP4N9Nc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9lVqV6EohdPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN1O/dYTVZpJ8WjGCQ1iPBAsYgQbK/n3vej6vFeuuFV3BrRMvJxUIEejV/7q9iVJYyoM4VjrjucmJsiwMoxwOil1U00TTEZ4QDuWChxTHWSzYyfoxCp9FEllSxg0U39PZDjWehyHtjPGZqgXvan4n9dJTXQVZEwkqaGCzBdFKUdGounnqM8UJYaPLcFEMXsrIkOsMDE2n5INwVt8eZk0z6perVp7uKjUb/I4inAEx3AKHlxCHe6gAT4QYPAMr/DmCOfFeXc+5q0FJ585hD9wPn8AFZ6OOg==</latexit>

Nf = 3
<latexit sha1_base64="J6PIMUxc+5Purv9q5nAuY1jTWkI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9lVqV6EohdPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN1O/dYTVZpJ8WjGCQ1iPBAsYgQbK/n3PXJ93itX3Ko7A1omXk4qkKPRK391+5KkMRWGcKx1x3MTE2RYGUY4nZS6qaYJJiM8oB1LBY6pDrLZsRN0YpU+iqSyJQyaqb8nMhxrPY5D2xljM9SL3lT8z+ukJroKMiaS1FBB5ouilCMj0fRz1GeKEsPHlmCimL0VkSFWmBibT8mG4C2+vEyaZ1WvVq09XFTqN3kcRTiCYzgFDy6hDnfQAB8IMHiGV3hzhPPivDsf89aCk88cwh84nz8RDI43</latexit>

Nc = 3

<latexit sha1_base64="ZdE/FWcsZQhAY3IJYjYF6PYPTaM=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFclZki1WXRjcsK9gGdccikmTY0mYQkI5ahv+LGhSJu/RF3/o1pOwttPXDhcM693HtPLBnVxvO+nbX1jc2t7dJOeXdv/+DQPap0tMgUJm0smFC9GGnCaErahhpGelIRxGNGuvH4ZuZ3H4nSVKT3ZiJJyNEwpQnFyFgpciuBVEIaAXkUaDrk6KEeuVWv5s0BV4lfkCoo0Ircr2AgcMZJajBDWvd9T5owR8pQzMi0HGSaSITHaEj6lqaIEx3m89un8MwqA5gIZSs1cK7+nsgR13rCY9vJkRnpZW8m/uf1M5NchTlNZWZIiheLkoxB++ssCDigimDDJpYgrKi9FeIRUggbG1fZhuAvv7xKOvWa36g17i6qzesijhI4AafgHPjgEjTBLWiBNsDgCTyDV/DmTJ0X5935WLSuOcXMMfgD5/MH1yyUUw==</latexit>

→ m2
ω

Flow of the effective chiral potential: 
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Flow = ° ° 2

° 1

2
+ 2

° 1

2
+ 2

√

√

æ

æ

º

º

NcNff√(m√; k, T )

° f¡(mæ; k, T )

°(N2
f ° 1)f¡(mº; k, T )

Flow = ° ° 2

° 1

2
+ 2

° 1

2
+ 2

√

√

æ

æ

º

º

NcNff√(m√; k, T )

° f¡(mæ; k, T )

°(N2
f ° 1)f¡(mº; k, T )

Flow = ° ° 2

° 1

2
+ 2

° 1

2
+ 2

√

√

æ

æ

º

º

NcNff√(m√; k, T )

° f¡(mæ; k, T )

°(N2
f ° 1)f¡(mº; k, T )

<latexit sha1_base64="F3VCIHECPg1PCP+TPoDchTz91D8=">AAACFXicbVDLSsNAFJ34rPVVdekmWIQWpCQi1WXRjcsKfUETwmQ6aYdOJmHmRgghP+HGX3HjQhG3gjv/xukD1NYDF86ccy9z7/FjzhRY1pexsrq2vrFZ2Cpu7+zu7ZcODjsqSiShbRLxSPZ8rChngraBAae9WFIc+px2/fHNxO/eU6lYJFqQxtQN8VCwgBEMWvJKZ04gMckcxYYh9qyKrOY/D4eJANKql7UciKw890plq2ZNYS4Te07KaI6mV/p0BhFJQiqAcKxU37ZicDMsgRFO86KTKBpjMsZD2tdU4JAqN5telZunWhmYQSR1CTCn6u+JDIdKpaGvO0MMI7XoTcT/vH4CwZWbMREnQAWZfRQk3ITInERkDpikBHiqCSaS6V1NMsI6JtBBFnUI9uLJy6RzXrPrtfrdRblxPY+jgI7RCaogG12iBrpFTdRGBD2gJ/SCXo1H49l4M95nrSvGfOYI/YHx8Q1vwZ8C</latexit>

ω0(r)

ω0(→)T→0

<latexit sha1_base64="NRlFs/NyVECubbbV2q4OYpV1gJg=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUlEqsuiG5cV2lpIQphMJ+3QyYOZG6GEbtz4K25cKOLWf3Dn3zhps9DWAxcO59zL5ZwgFVyBZX0blZXVtfWN6mZta3tnd8/cP+ipJJOUdWkiEtkPiGKCx6wLHATrp5KRKBDsPhjfFP79A5OKJ3EHJinzIjKMecgpAS355nEHu4KF4OCOn7sywlRymLqSD0fg+Wbdalgz4GVil6SOSrR988sdJDSLWAxUEKUc20rBy4kETgWb1txMsZTQMRkyR9OYREx5+SzFFJ9qZYDDROqJAc/U3xc5iZSaRIHejAiM1KJXiP95TgbhlZfzOM2AxXT+KMwEhgQXleABl4yCmGhCivicYjoiklDQxdV0CfZi5GXSO2/YzUbz7qLeui7rqKIjdILOkI0uUQvdojbqIooe0TN6RW/Gk/FivBsf89WKUd4coj8wPn8ADVuYUw==</latexit>

T [Tcrit]
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<latexit sha1_base64="dautC8mXyVp0Dhv43IXxEP4N9Nc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9lVqV6EohdPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN1O/dYTVZpJ8WjGCQ1iPBAsYgQbK/n3vej6vFeuuFV3BrRMvJxUIEejV/7q9iVJYyoM4VjrjucmJsiwMoxwOil1U00TTEZ4QDuWChxTHWSzYyfoxCp9FEllSxg0U39PZDjWehyHtjPGZqgXvan4n9dJTXQVZEwkqaGCzBdFKUdGounnqM8UJYaPLcFEMXsrIkOsMDE2n5INwVt8eZk0z6perVp7uKjUb/I4inAEx3AKHlxCHe6gAT4QYPAMr/DmCOfFeXc+5q0FJ585hD9wPn8AFZ6OOg==</latexit>

Nf = 3
<latexit sha1_base64="J6PIMUxc+5Purv9q5nAuY1jTWkI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9lVqV6EohdPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN1O/dYTVZpJ8WjGCQ1iPBAsYgQbK/n3PXJ93itX3Ko7A1omXk4qkKPRK391+5KkMRWGcKx1x3MTE2RYGUY4nZS6qaYJJiM8oB1LBY6pDrLZsRN0YpU+iqSyJQyaqb8nMhxrPY5D2xljM9SL3lT8z+ukJroKMiaS1FBB5ouilCMj0fRz1GeKEsPHlmCimL0VkSFWmBibT8mG4C2+vEyaZ1WvVq09XFTqN3kcRTiCYzgFDy6hDnfQAB8IMHiGV3hzhPPivDsf89aCk88cwh84nz8RDI43</latexit>

Nc = 3

<latexit sha1_base64="ZdE/FWcsZQhAY3IJYjYF6PYPTaM=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFclZki1WXRjcsK9gGdccikmTY0mYQkI5ahv+LGhSJu/RF3/o1pOwttPXDhcM693HtPLBnVxvO+nbX1jc2t7dJOeXdv/+DQPap0tMgUJm0smFC9GGnCaErahhpGelIRxGNGuvH4ZuZ3H4nSVKT3ZiJJyNEwpQnFyFgpciuBVEIaAXkUaDrk6KEeuVWv5s0BV4lfkCoo0Ircr2AgcMZJajBDWvd9T5owR8pQzMi0HGSaSITHaEj6lqaIEx3m89un8MwqA5gIZSs1cK7+nsgR13rCY9vJkRnpZW8m/uf1M5NchTlNZWZIiheLkoxB++ssCDigimDDJpYgrKi9FeIRUggbG1fZhuAvv7xKOvWa36g17i6qzesijhI4AafgHPjgEjTBLWiBNsDgCTyDV/DmTJ0X5935WLSuOcXMMfgD5/MH1yyUUw==</latexit>

→ m2
ω

Flow of the effective chiral potential: 
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<latexit sha1_base64="F3VCIHECPg1PCP+TPoDchTz91D8=">AAACFXicbVDLSsNAFJ34rPVVdekmWIQWpCQi1WXRjcsKfUETwmQ6aYdOJmHmRgghP+HGX3HjQhG3gjv/xukD1NYDF86ccy9z7/FjzhRY1pexsrq2vrFZ2Cpu7+zu7ZcODjsqSiShbRLxSPZ8rChngraBAae9WFIc+px2/fHNxO/eU6lYJFqQxtQN8VCwgBEMWvJKZ04gMckcxYYh9qyKrOY/D4eJANKql7UciKw890plq2ZNYS4Te07KaI6mV/p0BhFJQiqAcKxU37ZicDMsgRFO86KTKBpjMsZD2tdU4JAqN5telZunWhmYQSR1CTCn6u+JDIdKpaGvO0MMI7XoTcT/vH4CwZWbMREnQAWZfRQk3ITInERkDpikBHiqCSaS6V1NMsI6JtBBFnUI9uLJy6RzXrPrtfrdRblxPY+jgI7RCaogG12iBrpFTdRGBD2gJ/SCXo1H49l4M95nrSvGfOYI/YHx8Q1vwZ8C</latexit>

ω0(r)

ω0(→)T→0

<latexit sha1_base64="NRlFs/NyVECubbbV2q4OYpV1gJg=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUlEqsuiG5cV2lpIQphMJ+3QyYOZG6GEbtz4K25cKOLWf3Dn3zhps9DWAxcO59zL5ZwgFVyBZX0blZXVtfWN6mZta3tnd8/cP+ipJJOUdWkiEtkPiGKCx6wLHATrp5KRKBDsPhjfFP79A5OKJ3EHJinzIjKMecgpAS355nEHu4KF4OCOn7sywlRymLqSD0fg+Wbdalgz4GVil6SOSrR988sdJDSLWAxUEKUc20rBy4kETgWb1txMsZTQMRkyR9OYREx5+SzFFJ9qZYDDROqJAc/U3xc5iZSaRIHejAiM1KJXiP95TgbhlZfzOM2AxXT+KMwEhgQXleABl4yCmGhCivicYjoiklDQxdV0CfZi5GXSO2/YzUbz7qLeui7rqKIjdILOkI0uUQvdojbqIooe0TN6RW/Gk/FivBsf89WKUd4coj8wPn8ADVuYUw==</latexit>
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<latexit sha1_base64="dautC8mXyVp0Dhv43IXxEP4N9Nc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9lVqV6EohdPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN1O/dYTVZpJ8WjGCQ1iPBAsYgQbK/n3vej6vFeuuFV3BrRMvJxUIEejV/7q9iVJYyoM4VjrjucmJsiwMoxwOil1U00TTEZ4QDuWChxTHWSzYyfoxCp9FEllSxg0U39PZDjWehyHtjPGZqgXvan4n9dJTXQVZEwkqaGCzBdFKUdGounnqM8UJYaPLcFEMXsrIkOsMDE2n5INwVt8eZk0z6perVp7uKjUb/I4inAEx3AKHlxCHe6gAT4QYPAMr/DmCOfFeXc+5q0FJ585hD9wPn8AFZ6OOg==</latexit>

Nf = 3
<latexit sha1_base64="J6PIMUxc+5Purv9q5nAuY1jTWkI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9lVqV6EohdPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN1O/dYTVZpJ8WjGCQ1iPBAsYgQbK/n3PXJ93itX3Ko7A1omXk4qkKPRK391+5KkMRWGcKx1x3MTE2RYGUY4nZS6qaYJJiM8oB1LBY6pDrLZsRN0YpU+iqSyJQyaqb8nMhxrPY5D2xljM9SL3lT8z+ukJroKMiaS1FBB5ouilCMj0fRz1GeKEsPHlmCimL0VkSFWmBibT8mG4C2+vEyaZ1WvVq09XFTqN3kcRTiCYzgFDy6hDnfQAB8IMHiGV3hzhPPivDsf89aCk88cwh84nz8RDI43</latexit>

Nc = 3

<latexit sha1_base64="JzeGqJpo/nc4vOTsUGEfP6CmayI=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI9FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5Bqw8GHu/NMDMvTAQ31vO+UGltfWNzq7xd2dnd2z+oHh51TJxqyto0FrHuhcQwwRVrW24F6yWaERkK1g2nt7nffWTa8Fg92FnCAknGikecEptLg8TwYbXm1b0F8F/iF6QGBVrD6udgFNNUMmWpIMb0fS+xQUa05VSweWWQGpYQOiVj1ndUEclMkC1uneMzp4xwFGtXyuKF+nMiI9KYmQxdpyR2Yla9XPzP66c2ug4yrpLUMkWXi6JUYBvj/HE84ppRK2aOEKq5uxXTCdGEWhdPxYXgr778l3Qu6n6j3ri/rDVvijjKcAKncA4+XEET7qAFbaAwgSd4gVck0TN6Q+/L1hIqZo7hF9DHNyfRjlU=</latexit>

ω

<latexit sha1_base64="ZdE/FWcsZQhAY3IJYjYF6PYPTaM=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFclZki1WXRjcsK9gGdccikmTY0mYQkI5ahv+LGhSJu/RF3/o1pOwttPXDhcM693HtPLBnVxvO+nbX1jc2t7dJOeXdv/+DQPap0tMgUJm0smFC9GGnCaErahhpGelIRxGNGuvH4ZuZ3H4nSVKT3ZiJJyNEwpQnFyFgpciuBVEIaAXkUaDrk6KEeuVWv5s0BV4lfkCoo0Ircr2AgcMZJajBDWvd9T5owR8pQzMi0HGSaSITHaEj6lqaIEx3m89un8MwqA5gIZSs1cK7+nsgR13rCY9vJkRnpZW8m/uf1M5NchTlNZWZIiheLkoxB++ssCDigimDDJpYgrKi9FeIRUggbG1fZhuAvv7xKOvWa36g17i6qzesijhI4AafgHPjgEjTBLWiBNsDgCTyDV/DmTJ0X5935WLSuOcXMMfgD5/MH1yyUUw==</latexit>

→ m2
ω

Flow of the effective chiral potential: 
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ω0(r)

ω0(→)T→0

<latexit sha1_base64="NRlFs/NyVECubbbV2q4OYpV1gJg=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUlEqsuiG5cV2lpIQphMJ+3QyYOZG6GEbtz4K25cKOLWf3Dn3zhps9DWAxcO59zL5ZwgFVyBZX0blZXVtfWN6mZta3tnd8/cP+ipJJOUdWkiEtkPiGKCx6wLHATrp5KRKBDsPhjfFP79A5OKJ3EHJinzIjKMecgpAS355nEHu4KF4OCOn7sywlRymLqSD0fg+Wbdalgz4GVil6SOSrR988sdJDSLWAxUEKUc20rBy4kETgWb1txMsZTQMRkyR9OYREx5+SzFFJ9qZYDDROqJAc/U3xc5iZSaRIHejAiM1KJXiP95TgbhlZfzOM2AxXT+KMwEhgQXleABl4yCmGhCivicYjoiklDQxdV0CfZi5GXSO2/YzUbz7qLeui7rqKIjdILOkI0uUQvdojbqIooe0TN6RW/Gk/FivBsf89WKUd4coj8wPn8ADVuYUw==</latexit>
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<latexit sha1_base64="dautC8mXyVp0Dhv43IXxEP4N9Nc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9lVqV6EohdPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN1O/dYTVZpJ8WjGCQ1iPBAsYgQbK/n3vej6vFeuuFV3BrRMvJxUIEejV/7q9iVJYyoM4VjrjucmJsiwMoxwOil1U00TTEZ4QDuWChxTHWSzYyfoxCp9FEllSxg0U39PZDjWehyHtjPGZqgXvan4n9dJTXQVZEwkqaGCzBdFKUdGounnqM8UJYaPLcFEMXsrIkOsMDE2n5INwVt8eZk0z6perVp7uKjUb/I4inAEx3AKHlxCHe6gAT4QYPAMr/DmCOfFeXc+5q0FJ585hD9wPn8AFZ6OOg==</latexit>

Nf = 3
<latexit sha1_base64="J6PIMUxc+5Purv9q5nAuY1jTWkI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9lVqV6EohdPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN1O/dYTVZpJ8WjGCQ1iPBAsYgQbK/n3PXJ93itX3Ko7A1omXk4qkKPRK391+5KkMRWGcKx1x3MTE2RYGUY4nZS6qaYJJiM8oB1LBY6pDrLZsRN0YpU+iqSyJQyaqb8nMhxrPY5D2xljM9SL3lT8z+ukJroKMiaS1FBB5ouilCMj0fRz1GeKEsPHlmCimL0VkSFWmBibT8mG4C2+vEyaZ1WvVq09XFTqN3kcRTiCYzgFDy6hDnfQAB8IMHiGV3hzhPPivDsf89aCk88cwh84nz8RDI43</latexit>

Nc = 3

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω

<latexit sha1_base64="JzeGqJpo/nc4vOTsUGEfP6CmayI=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI9FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5Bqw8GHu/NMDMvTAQ31vO+UGltfWNzq7xd2dnd2z+oHh51TJxqyto0FrHuhcQwwRVrW24F6yWaERkK1g2nt7nffWTa8Fg92FnCAknGikecEptLg8TwYbXm1b0F8F/iF6QGBVrD6udgFNNUMmWpIMb0fS+xQUa05VSweWWQGpYQOiVj1ndUEclMkC1uneMzp4xwFGtXyuKF+nMiI9KYmQxdpyR2Yla9XPzP66c2ug4yrpLUMkWXi6JUYBvj/HE84ppRK2aOEKq5uxXTCdGEWhdPxYXgr778l3Qu6n6j3ri/rDVvijjKcAKncA4+XEET7qAFbaAwgSd4gVck0TN6Q+/L1hIqZo7hF9DHNyfRjlU=</latexit>

ω

<latexit sha1_base64="ZdE/FWcsZQhAY3IJYjYF6PYPTaM=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFclZki1WXRjcsK9gGdccikmTY0mYQkI5ahv+LGhSJu/RF3/o1pOwttPXDhcM693HtPLBnVxvO+nbX1jc2t7dJOeXdv/+DQPap0tMgUJm0smFC9GGnCaErahhpGelIRxGNGuvH4ZuZ3H4nSVKT3ZiJJyNEwpQnFyFgpciuBVEIaAXkUaDrk6KEeuVWv5s0BV4lfkCoo0Ircr2AgcMZJajBDWvd9T5owR8pQzMi0HGSaSITHaEj6lqaIEx3m89un8MwqA5gIZSs1cK7+nsgR13rCY9vJkRnpZW8m/uf1M5NchTlNZWZIiheLkoxB++ssCDigimDDJpYgrKi9FeIRUggbG1fZhuAvv7xKOvWa36g17i6qzesijhI4AafgHPjgEjTBLWiBNsDgCTyDV/DmTJ0X5935WLSuOcXMMfgD5/MH1yyUUw==</latexit>

→ m2
ω

Flow of the effective chiral potential: 
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• Necessary key ingredients: 

- Competing counteracting effects: fermions and bosons 

- External parameter:    

- Massless modes: exact Goldstones

T, μ, …
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<latexit sha1_base64="dautC8mXyVp0Dhv43IXxEP4N9Nc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9lVqV6EohdPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN1O/dYTVZpJ8WjGCQ1iPBAsYgQbK/n3vej6vFeuuFV3BrRMvJxUIEejV/7q9iVJYyoM4VjrjucmJsiwMoxwOil1U00TTEZ4QDuWChxTHWSzYyfoxCp9FEllSxg0U39PZDjWehyHtjPGZqgXvan4n9dJTXQVZEwkqaGCzBdFKUdGounnqM8UJYaPLcFEMXsrIkOsMDE2n5INwVt8eZk0z6perVp7uKjUb/I4inAEx3AKHlxCHe6gAT4QYPAMr/DmCOfFeXc+5q0FJ585hD9wPn8AFZ6OOg==</latexit>

Nf = 3
<latexit sha1_base64="J6PIMUxc+5Purv9q5nAuY1jTWkI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9lVqV6EohdPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN1O/dYTVZpJ8WjGCQ1iPBAsYgQbK/n3PXJ93itX3Ko7A1omXk4qkKPRK391+5KkMRWGcKx1x3MTE2RYGUY4nZS6qaYJJiM8oB1LBY6pDrLZsRN0YpU+iqSyJQyaqb8nMhxrPY5D2xljM9SL3lT8z+ukJroKMiaS1FBB5ouilCMj0fRz1GeKEsPHlmCimL0VkSFWmBibT8mG4C2+vEyaZ1WvVq09XFTqN3kcRTiCYzgFDy6hDnfQAB8IMHiGV3hzhPPivDsf89aCk88cwh84nz8RDI43</latexit>

Nc = 3

<latexit sha1_base64="PL4vN2uVc0n2AYBfurG3YPbvIoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh14i+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBTT43Y</latexit>ω

<latexit sha1_base64="JzeGqJpo/nc4vOTsUGEfP6CmayI=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI9FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5Bqw8GHu/NMDMvTAQ31vO+UGltfWNzq7xd2dnd2z+oHh51TJxqyto0FrHuhcQwwRVrW24F6yWaERkK1g2nt7nffWTa8Fg92FnCAknGikecEptLg8TwYbXm1b0F8F/iF6QGBVrD6udgFNNUMmWpIMb0fS+xQUa05VSweWWQGpYQOiVj1ndUEclMkC1uneMzp4xwFGtXyuKF+nMiI9KYmQxdpyR2Yla9XPzP66c2ug4yrpLUMkWXi6JUYBvj/HE84ppRK2aOEKq5uxXTCdGEWhdPxYXgr778l3Qu6n6j3ri/rDVvijjKcAKncA4+XEET7qAFbaAwgSd4gVck0TN6Q+/L1hIqZo7hF9DHNyfRjlU=</latexit>

ω

<latexit sha1_base64="ZdE/FWcsZQhAY3IJYjYF6PYPTaM=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFclZki1WXRjcsK9gGdccikmTY0mYQkI5ahv+LGhSJu/RF3/o1pOwttPXDhcM693HtPLBnVxvO+nbX1jc2t7dJOeXdv/+DQPap0tMgUJm0smFC9GGnCaErahhpGelIRxGNGuvH4ZuZ3H4nSVKT3ZiJJyNEwpQnFyFgpciuBVEIaAXkUaDrk6KEeuVWv5s0BV4lfkCoo0Ircr2AgcMZJajBDWvd9T5owR8pQzMi0HGSaSITHaEj6lqaIEx3m89un8MwqA5gIZSs1cK7+nsgR13rCY9vJkRnpZW8m/uf1M5NchTlNZWZIiheLkoxB++ssCDigimDDJpYgrKi9FeIRUggbG1fZhuAvv7xKOvWa36g17i6qzesijhI4AafgHPjgEjTBLWiBNsDgCTyDV/DmTJ0X5935WLSuOcXMMfgD5/MH1yyUUw==</latexit>

→ m2
ω

Flow of the effective chiral potential: 



 Álvaro Pastor Gutiérrez

Many flavour scaling 

• Growing size of precondensation regime in  

• Growing number of Goldstones . Axial 

anomaly 

• Relevant role in the near-critical dynamics
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<latexit sha1_base64="NRlFs/NyVECubbbV2q4OYpV1gJg=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUlEqsuiG5cV2lpIQphMJ+3QyYOZG6GEbtz4K25cKOLWf3Dn3zhps9DWAxcO59zL5ZwgFVyBZX0blZXVtfWN6mZta3tnd8/cP+ipJJOUdWkiEtkPiGKCx6wLHATrp5KRKBDsPhjfFP79A5OKJ3EHJinzIjKMecgpAS355nEHu4KF4OCOn7sywlRymLqSD0fg+Wbdalgz4GVil6SOSrR988sdJDSLWAxUEKUc20rBy4kETgWb1txMsZTQMRkyR9OYREx5+SzFFJ9qZYDDROqJAc/U3xc5iZSaRIHejAiM1KJXiP95TgbhlZfzOM2AxXT+KMwEhgQXleABl4yCmGhCivicYjoiklDQxdV0CfZi5GXSO2/YzUbz7qLeui7rqKIjdILOkI0uUQvdojbqIooe0TN6RW/Gk/FivBsf89WKUd4coj8wPn8ADVuYUw==</latexit>

T [Tcrit]

<latexit sha1_base64="GYtAObgtetMppTpq1nY7zSahHEk=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqewWqV6EohdPUsFtC+1Ssmm2Dc1mlyQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsSwbVxnG9UWFvf2Nwqbpd2dvf2D8qHRy0dp4oyj8YiVp2AaCa4ZJ7hRrBOohiJAsHawfh25refmNI8lo9mkjA/IkPJQ06JsZJ33w+va/1yxak6c+BV4uakAjma/fJXbxDTNGLSUEG07rpOYvyMKMOpYNNSL9UsIXRMhqxrqSQR0342P3aKz6wywGGsbEmD5+rviYxEWk+iwHZGxIz0sjcT//O6qQmv/IzLJDVM0sWiMBXYxHj2OR5wxagRE0sIVdzeiumIKEKNzadkQ3CXX14lrVrVrVfrDxeVxk0eRxFO4BTOwYVLaMAdNMEDChye4RXekEQv6B19LFoLKJ85hj9Anz8UGo45</latexit>

Nf = 2
<latexit sha1_base64="NRlFs/NyVECubbbV2q4OYpV1gJg=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUlEqsuiG5cV2lpIQphMJ+3QyYOZG6GEbtz4K25cKOLWf3Dn3zhps9DWAxcO59zL5ZwgFVyBZX0blZXVtfWN6mZta3tnd8/cP+ipJJOUdWkiEtkPiGKCx6wLHATrp5KRKBDsPhjfFP79A5OKJ3EHJinzIjKMecgpAS355nEHu4KF4OCOn7sywlRymLqSD0fg+Wbdalgz4GVil6SOSrR988sdJDSLWAxUEKUc20rBy4kETgWb1txMsZTQMRkyR9OYREx5+SzFFJ9qZYDDROqJAc/U3xc5iZSaRIHejAiM1KJXiP95TgbhlZfzOM2AxXT+KMwEhgQXleABl4yCmGhCivicYjoiklDQxdV0CfZi5GXSO2/YzUbz7qLeui7rqKIjdILOkI0uUQvdojbqIooe0TN6RW/Gk/FivBsf89WKUd4coj8wPn8ADVuYUw==</latexit>

T [Tcrit]

<latexit sha1_base64="dautC8mXyVp0Dhv43IXxEP4N9Nc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9lVqV6EohdPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN1O/dYTVZpJ8WjGCQ1iPBAsYgQbK/n3vej6vFeuuFV3BrRMvJxUIEejV/7q9iVJYyoM4VjrjucmJsiwMoxwOil1U00TTEZ4QDuWChxTHWSzYyfoxCp9FEllSxg0U39PZDjWehyHtjPGZqgXvan4n9dJTXQVZEwkqaGCzBdFKUdGounnqM8UJYaPLcFEMXsrIkOsMDE2n5INwVt8eZk0z6perVp7uKjUb/I4inAEx3AKHlxCHe6gAT4QYPAMr/DmCOfFeXc+5q0FJ585hD9wPn8AFZ6OOg==</latexit>

Nf = 3
<latexit sha1_base64="NRlFs/NyVECubbbV2q4OYpV1gJg=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUlEqsuiG5cV2lpIQphMJ+3QyYOZG6GEbtz4K25cKOLWf3Dn3zhps9DWAxcO59zL5ZwgFVyBZX0blZXVtfWN6mZta3tnd8/cP+ipJJOUdWkiEtkPiGKCx6wLHATrp5KRKBDsPhjfFP79A5OKJ3EHJinzIjKMecgpAS355nEHu4KF4OCOn7sywlRymLqSD0fg+Wbdalgz4GVil6SOSrR988sdJDSLWAxUEKUc20rBy4kETgWb1txMsZTQMRkyR9OYREx5+SzFFJ9qZYDDROqJAc/U3xc5iZSaRIHejAiM1KJXiP95TgbhlZfzOM2AxXT+KMwEhgQXleABl4yCmGhCivicYjoiklDQxdV0CfZi5GXSO2/YzUbz7qLeui7rqKIjdILOkI0uUQvdojbqIooe0TN6RW/Gk/FivBsf89WKUd4coj8wPn8ADVuYUw==</latexit>

T [Tcrit]

<latexit sha1_base64="pD/QSQbXHQbaERRm8cOtflwEmk4=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqexKqV6EohdPUsFtC+1Ssmm2Dc1mlyQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsSwbVxnG9UWFvf2Nwqbpd2dvf2D8qHRy0dp4oyj8YiVp2AaCa4ZJ7hRrBOohiJAsHawfh25refmNI8lo9mkjA/IkPJQ06JsZJ33w+va/1yxak6c+BV4uakAjma/fJXbxDTNGLSUEG07rpOYvyMKMOpYNNSL9UsIXRMhqxrqSQR0342P3aKz6wywGGsbEmD5+rviYxEWk+iwHZGxIz0sjcT//O6qQmv/IzLJDVM0sWiMBXYxHj2OR5wxagRE0sIVdzeiumIKEKNzadkQ3CXX14lrYuqW6/WH2qVxk0eRxFO4BTOwYVLaMAdNMEDChye4RXekEQv6B19LFoLKJ85hj9Anz8XIo47</latexit>

Nf = 4


