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Cartography of gauge-chiral dynamics
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Gauge-chiral theories

✦ Importance in the natural world 

✦ Non-trivial dynamics and features: 

• Confinement 

• Dynamical chiral symmetry breaking ( ) 

• Walking dynamics 

• Conformality
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✦ Can be the solution to our problems and puzzles: 

• Dark strong sectors 

• Composite Higgs and Technicolour   

• Cosmological phase transitions and gravitational wave signatures
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✦ Where asymptotic freedom is lost 

✦ Few flavours: QCD-like theories 
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What we know so far from first-principles? 
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fund

✦ CBZ IR fixed-point (perturbative) 

✦ Tailor-made task for the functional Renormalisation Group: 

• Quantitative  

• Versatile: easily study large range of parameter and theory space 

• Chiral limit with no difficulties
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Functional Renormalisation Group
✦ Effective average action:  

- Average action of fields over a  volume  

- Kadanoff’s block-spinning idea in the continuum limit
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k ⇠ T ⇠ hpiIR cutoff scale:

Wetterich ’89

✦ Pedagogical introduction to fRG: 

✦ Review of achievements:

Gies [0611146]

Dupuis,Canet,Eichhorn,     
Metzner,Pawlowski,Tissier,Wschebor [2006.04853]
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✦ One loop exact 

✦Non-perturbative 

✦ Mass-dependent 

✦ Analytic regulators 

✦ Versatile 

✦ Systematic expansion schemes 

✦ UV-IR finite 

✦ Diagrammatic 

✦ Real-time formulation 

Functional Renormalisation Group

Wetterich ’93

Flow equation:
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✦ One loop exact 

✦Non-perturbative 
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✦ Physics from correlation functions: 
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Colour confinement: gluon mass gap
✦ Absence of coloured asymptotic states 

✦ Massive spectrum of bound states (glueballs) 

✦ Existence of a gluon mass gap: 

- Wilson area law 

- Kugo-Ojima conditions 

- Confinement-deconfinement phase transition

5
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✦ fRG bootstrap approach to confinement: 

- Mass gap generated by quantum fluctuations 

- Uniquely defined confinement condition 

✦ New: “easy” confinement  

- Cutoff dependences suffice  

- Semi-analytical 

- Facilitate study beyond QCD-limit
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Confinement in correlation functions

6

✦ Flows computed: 

✦ Exchange couplings: 

✦ Decay of correlation functions below the mass gap scale 

✦ The interplay of gapped gauge and ghost contributions 
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“Easy” confinement

7
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<latexit sha1_base64="1hzCCtsfbbSwF/zsltzmsgkxjHg="></latexit>
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Z

x
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4
F a
µ⌫F

a
µ⌫ + Lgf + Lgh +  ̄�µDµ  + �

�
 ̄ T  

�2<latexit sha1_base64="TEqbuCHL1I00E/bpyOoYq5+Wvy4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hyiOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALG3jOI=</latexit>

S
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<latexit sha1_base64="1hzCCtsfbbSwF/zsltzmsgkxjHg="></latexit>
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µ⌫F

a
µ⌫ + Lgf + Lgh +  ̄�µDµ  + �
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�2<latexit sha1_base64="1hzCCtsfbbSwF/zsltzmsgkxjHg="></latexit>

�̄ =

Z

x

1

4
F a
µ⌫F

a
µ⌫ + Lgf + Lgh +  ̄�µDµ  + �

�
 ̄ T  

�2
<latexit sha1_base64="b1FzsTn2NOlp3z/32iYSlkX6UVk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSIIQklEqseiF48V7Ae0oWw2m3bpZjfuboQS+ie8eFDEq3/Hm//GTZuDtj4YeLw3w8y8IOFMG9f9dlZW19Y3Nktb5e2d3b39ysFhW8tUEdoikkvVDbCmnAnaMsxw2k0UxXHAaScY3+Z+54kqzaR4MJOE+jEeChYxgo2Vuud9Hkqjy4NK1a25M6Bl4hWkCgWag8pXP5QkjakwhGOte56bGD/DyjDC6bTcTzVNMBnjIe1ZKnBMtZ/N7p2iU6uEKJLKljBopv6eyHCs9SQObGeMzUgvern4n9dLTXTtZ0wkqaGCzBdFKUdGovx5FDJFieETSzBRzN6KyAgrTIyNKA/BW3x5mbQval69Vr+/rDZuijhKcAwncAYeXEED7qAJLSDA4Rle4c15dF6cd+dj3rriFDNH8AfO5w9doY+M</latexit>

+ . . .
<latexit sha1_base64="cgtyFfUA8ravcL89gS8MRI+K9/w=">AAACFXicbVDJSgNBEO1xN25Rj14ag6AoYUYlehS9eIyQDTIx1HR6kiY9M013jRCG/IQXf8WLB0W8Ct78GzvLwe1Bwev3quiqFygpDLrupzMzOze/sLi0nFtZXVvfyG9u1UySasarLJGJbgRguBQxr6JAyRtKc4gCyetB/2rk1++4NiKJKzhQvBVBNxahYIBWauePDv0+KAXUlzzEfT8A7SsjaOYzkLQyHD18Lbo9PLg9aecLbtEdg/4l3pQUyBTldv7D7yQsjXiMTIIxTc9V2MpAo2CSD3N+argC1ocub1oaQ8RNKxtfNaR7VunQMNG2YqRj9ftEBpExgyiwnRFgz/z2RuJ/XjPF8LyViVilyGM2+ShMJcWEjiKiHaE5QzmwBJgWdlfKeqCBoQ0yZ0Pwfp/8l9SOi16pWLo5LVxcTuNYIjtkl+wTj5yRC3JNyqRKGLknj+SZvDgPzpPz6rxNWmec6cw2+QHn/QuaH55+</latexit>

+
�
 ̄T  

�3<latexit sha1_base64="crIBX0OiEwfM9ODWrVPuAVhEhTQ=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoQY8RzAOSJfROZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7AkM5k7RhmeW0nWgKIuK0FY1upn7riWrDlHyw44SGAgaSxYyAdVKzewtCQK9U9iv+DHiZBDkpoxz1Xumr21ckFVRawsGYTuAnNsxAW0Y4nRS7qaEJkBEMaMdRCYKaMJtdO8GnTunjWGlX0uKZ+nsiA2HMWESuU4AdmkVvKv7ndVIbX4UZk0lqqSTzRXHKsVV4+jruM02J5WNHgGjmbsVkCBqIdQEVXQjB4svLpHleCaqV6v1FuXadx1FAx+gEnaEAXaIaukN11EAEPaJn9IrePOW9eO/ex7x1xctnjtAfeJ8/WX2PAA==</latexit>

�
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<latexit sha1_base64="1hzCCtsfbbSwF/zsltzmsgkxjHg="></latexit>

�̄ =

Z

x

1

4
F a
µ⌫F

a
µ⌫ + Lgf + Lgh +  ̄�µDµ  + �

�
 ̄ T  

�2<latexit sha1_base64="1hzCCtsfbbSwF/zsltzmsgkxjHg="></latexit>

�̄ =

Z

x

1

4
F a
µ⌫F

a
µ⌫ + Lgf + Lgh +  ̄�µDµ  + �

�
 ̄ T  

�2
<latexit sha1_base64="b1FzsTn2NOlp3z/32iYSlkX6UVk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSIIQklEqseiF48V7Ae0oWw2m3bpZjfuboQS+ie8eFDEq3/Hm//GTZuDtj4YeLw3w8y8IOFMG9f9dlZW19Y3Nktb5e2d3b39ysFhW8tUEdoikkvVDbCmnAnaMsxw2k0UxXHAaScY3+Z+54kqzaR4MJOE+jEeChYxgo2Vuud9Hkqjy4NK1a25M6Bl4hWkCgWag8pXP5QkjakwhGOte56bGD/DyjDC6bTcTzVNMBnjIe1ZKnBMtZ/N7p2iU6uEKJLKljBopv6eyHCs9SQObGeMzUgvern4n9dLTXTtZ0wkqaGCzBdFKUdGovx5FDJFieETSzBRzN6KyAgrTIyNKA/BW3x5mbQval69Vr+/rDZuijhKcAwncAYeXEED7qAJLSDA4Rle4c15dF6cd+dj3rriFDNH8AfO5w9doY+M</latexit>

+ . . .
<latexit sha1_base64="cgtyFfUA8ravcL89gS8MRI+K9/w=">AAACFXicbVDJSgNBEO1xN25Rj14ag6AoYUYlehS9eIyQDTIx1HR6kiY9M013jRCG/IQXf8WLB0W8Ct78GzvLwe1Bwev3quiqFygpDLrupzMzOze/sLi0nFtZXVvfyG9u1UySasarLJGJbgRguBQxr6JAyRtKc4gCyetB/2rk1++4NiKJKzhQvBVBNxahYIBWauePDv0+KAXUlzzEfT8A7SsjaOYzkLQyHD18Lbo9PLg9aecLbtEdg/4l3pQUyBTldv7D7yQsjXiMTIIxTc9V2MpAo2CSD3N+argC1ocub1oaQ8RNKxtfNaR7VunQMNG2YqRj9ftEBpExgyiwnRFgz/z2RuJ/XjPF8LyViVilyGM2+ShMJcWEjiKiHaE5QzmwBJgWdlfKeqCBoQ0yZ0Pwfp/8l9SOi16pWLo5LVxcTuNYIjtkl+wTj5yRC3JNyqRKGLknj+SZvDgPzpPz6rxNWmec6cw2+QHn/QuaH55+</latexit>

+
�
 ̄T  

�3<latexit sha1_base64="crIBX0OiEwfM9ODWrVPuAVhEhTQ=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoQY8RzAOSJfROZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7AkM5k7RhmeW0nWgKIuK0FY1upn7riWrDlHyw44SGAgaSxYyAdVKzewtCQK9U9iv+DHiZBDkpoxz1Xumr21ckFVRawsGYTuAnNsxAW0Y4nRS7qaEJkBEMaMdRCYKaMJtdO8GnTunjWGlX0uKZ+nsiA2HMWESuU4AdmkVvKv7ndVIbX4UZk0lqqSTzRXHKsVV4+jruM02J5WNHgGjmbsVkCBqIdQEVXQjB4svLpHleCaqV6v1FuXadx1FAx+gEnaEAXaIaukN11EAEPaJn9IrePOW9eO/ex7x1xctnjtAfeJ8/WX2PAA==</latexit>

�
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<latexit sha1_base64="1hzCCtsfbbSwF/zsltzmsgkxjHg="></latexit>

�̄ =
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µ⌫ + Lgf + Lgh +  ̄�µDµ  + �
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�2<latexit sha1_base64="1hzCCtsfbbSwF/zsltzmsgkxjHg="></latexit>

�̄ =

Z

x
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4
F a
µ⌫F

a
µ⌫ + Lgf + Lgh +  ̄�µDµ  + �

�
 ̄ T  

�2
<latexit sha1_base64="b1FzsTn2NOlp3z/32iYSlkX6UVk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSIIQklEqseiF48V7Ae0oWw2m3bpZjfuboQS+ie8eFDEq3/Hm//GTZuDtj4YeLw3w8y8IOFMG9f9dlZW19Y3Nktb5e2d3b39ysFhW8tUEdoikkvVDbCmnAnaMsxw2k0UxXHAaScY3+Z+54kqzaR4MJOE+jEeChYxgo2Vuud9Hkqjy4NK1a25M6Bl4hWkCgWag8pXP5QkjakwhGOte56bGD/DyjDC6bTcTzVNMBnjIe1ZKnBMtZ/N7p2iU6uEKJLKljBopv6eyHCs9SQObGeMzUgvern4n9dLTXTtZ0wkqaGCzBdFKUdGovx5FDJFieETSzBRzN6KyAgrTIyNKA/BW3x5mbQval69Vr+/rDZuijhKcAwncAYeXEED7qAJLSDA4Rle4c15dF6cd+dj3rriFDNH8AfO5w9doY+M</latexit>

+ . . .
<latexit sha1_base64="cgtyFfUA8ravcL89gS8MRI+K9/w=">AAACFXicbVDJSgNBEO1xN25Rj14ag6AoYUYlehS9eIyQDTIx1HR6kiY9M013jRCG/IQXf8WLB0W8Ct78GzvLwe1Bwev3quiqFygpDLrupzMzOze/sLi0nFtZXVvfyG9u1UySasarLJGJbgRguBQxr6JAyRtKc4gCyetB/2rk1++4NiKJKzhQvBVBNxahYIBWauePDv0+KAXUlzzEfT8A7SsjaOYzkLQyHD18Lbo9PLg9aecLbtEdg/4l3pQUyBTldv7D7yQsjXiMTIIxTc9V2MpAo2CSD3N+argC1ocub1oaQ8RNKxtfNaR7VunQMNG2YqRj9ftEBpExgyiwnRFgz/z2RuJ/XjPF8LyViVilyGM2+ShMJcWEjiKiHaE5QzmwBJgWdlfKeqCBoQ0yZ0Pwfp/8l9SOi16pWLo5LVxcTuNYIjtkl+wTj5yRC3JNyqRKGLknj+SZvDgPzpPz6rxNWmec6cw2+QHn/QuaH55+</latexit>

+
�
 ̄T  

�3<latexit sha1_base64="crIBX0OiEwfM9ODWrVPuAVhEhTQ=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoQY8RzAOSJfROZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7AkM5k7RhmeW0nWgKIuK0FY1upn7riWrDlHyw44SGAgaSxYyAdVKzewtCQK9U9iv+DHiZBDkpoxz1Xumr21ckFVRawsGYTuAnNsxAW0Y4nRS7qaEJkBEMaMdRCYKaMJtdO8GnTunjWGlX0uKZ+nsiA2HMWESuU4AdmkVvKv7ndVIbX4UZk0lqqSTzRXHKsVV4+jruM02J5WNHgGjmbsVkCBqIdQEVXQjB4svLpHleCaqV6v1FuXadx1FAx+gEnaEAXaIaukN11EAEPaJn9IrePOW9eO/ex7x1xctnjtAfeJ8/WX2PAA==</latexit>

�
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<latexit sha1_base64="1hzCCtsfbbSwF/zsltzmsgkxjHg="></latexit>
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<latexit sha1_base64="axB9tumgv4ngvDhuk0MFBHyZMMk="></latexit>

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

+

<latexit sha1_base64="1hzCCtsfbbSwF/zsltzmsgkxjHg="></latexit>

�̄ =

Z

x

1

4
F a
µ⌫F

a
µ⌫ + Lgf + Lgh +  ̄�µDµ  + �

�
 ̄ T  

�2
<latexit sha1_base64="b1FzsTn2NOlp3z/32iYSlkX6UVk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSIIQklEqseiF48V7Ae0oWw2m3bpZjfuboQS+ie8eFDEq3/Hm//GTZuDtj4YeLw3w8y8IOFMG9f9dlZW19Y3Nktb5e2d3b39ysFhW8tUEdoikkvVDbCmnAnaMsxw2k0UxXHAaScY3+Z+54kqzaR4MJOE+jEeChYxgo2Vuud9Hkqjy4NK1a25M6Bl4hWkCgWag8pXP5QkjakwhGOte56bGD/DyjDC6bTcTzVNMBnjIe1ZKnBMtZ/N7p2iU6uEKJLKljBopv6eyHCs9SQObGeMzUgvern4n9dLTXTtZ0wkqaGCzBdFKUdGovx5FDJFieETSzBRzN6KyAgrTIyNKA/BW3x5mbQval69Vr+/rDZuijhKcAwncAYeXEED7qAJLSDA4Rle4c15dF6cd+dj3rriFDNH8AfO5w9doY+M</latexit>

+ . . .
<latexit sha1_base64="cgtyFfUA8ravcL89gS8MRI+K9/w=">AAACFXicbVDJSgNBEO1xN25Rj14ag6AoYUYlehS9eIyQDTIx1HR6kiY9M013jRCG/IQXf8WLB0W8Ct78GzvLwe1Bwev3quiqFygpDLrupzMzOze/sLi0nFtZXVvfyG9u1UySasarLJGJbgRguBQxr6JAyRtKc4gCyetB/2rk1++4NiKJKzhQvBVBNxahYIBWauePDv0+KAXUlzzEfT8A7SsjaOYzkLQyHD18Lbo9PLg9aecLbtEdg/4l3pQUyBTldv7D7yQsjXiMTIIxTc9V2MpAo2CSD3N+argC1ocub1oaQ8RNKxtfNaR7VunQMNG2YqRj9ftEBpExgyiwnRFgz/z2RuJ/XjPF8LyViVilyGM2+ShMJcWEjiKiHaE5QzmwBJgWdlfKeqCBoQ0yZ0Pwfp/8l9SOi16pWLo5LVxcTuNYIjtkl+wTj5yRC3JNyqRKGLknj+SZvDgPzpPz6rxNWmec6cw2+QHn/QuaH55+</latexit>

+
�
 ̄T  

�3<latexit sha1_base64="crIBX0OiEwfM9ODWrVPuAVhEhTQ=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoQY8RzAOSJfROZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7AkM5k7RhmeW0nWgKIuK0FY1upn7riWrDlHyw44SGAgaSxYyAdVKzewtCQK9U9iv+DHiZBDkpoxz1Xumr21ckFVRawsGYTuAnNsxAW0Y4nRS7qaEJkBEMaMdRCYKaMJtdO8GnTunjWGlX0uKZ+nsiA2HMWESuU4AdmkVvKv7ndVIbX4UZk0lqqSTzRXHKsVV4+jruM02J5WNHgGjmbsVkCBqIdQEVXQjB4svLpHleCaqV6v1FuXadx1FAx+gEnaEAXaIaukN11EAEPaJn9IrePOW9eO/ex7x1xctnjtAfeJ8/WX2PAA==</latexit>

�
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<latexit sha1_base64="1hzCCtsfbbSwF/zsltzmsgkxjHg="></latexit>

�̄ =
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µ⌫ + Lgf + Lgh +  ̄�µDµ  + �
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 ̄ T  

�2

<latexit sha1_base64="OLCJk4pLiCVI1WuLi5EzseNFjOw="></latexit>

�<latexit sha1_base64="llZ2boAWpRdGmSGpwNpzOoMpI+M="></latexit>g

<latexit sha1_base64="xNbTxtfgDoC/DyF4+jr7rv/Rki4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqJP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwB3auM/w==</latexit>p

Landau pole?

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

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

+

<latexit sha1_base64="1hzCCtsfbbSwF/zsltzmsgkxjHg="></latexit>

�̄ =

Z

x

1

4
F a
µ⌫F

a
µ⌫ + Lgf + Lgh +  ̄�µDµ  + �

�
 ̄ T  

�2
<latexit sha1_base64="b1FzsTn2NOlp3z/32iYSlkX6UVk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSIIQklEqseiF48V7Ae0oWw2m3bpZjfuboQS+ie8eFDEq3/Hm//GTZuDtj4YeLw3w8y8IOFMG9f9dlZW19Y3Nktb5e2d3b39ysFhW8tUEdoikkvVDbCmnAnaMsxw2k0UxXHAaScY3+Z+54kqzaR4MJOE+jEeChYxgo2Vuud9Hkqjy4NK1a25M6Bl4hWkCgWag8pXP5QkjakwhGOte56bGD/DyjDC6bTcTzVNMBnjIe1ZKnBMtZ/N7p2iU6uEKJLKljBopv6eyHCs9SQObGeMzUgvern4n9dLTXTtZ0wkqaGCzBdFKUdGovx5FDJFieETSzBRzN6KyAgrTIyNKA/BW3x5mbQval69Vr+/rDZuijhKcAwncAYeXEED7qAJLSDA4Rle4c15dF6cd+dj3rriFDNH8AfO5w9doY+M</latexit>

+ . . .
<latexit sha1_base64="cgtyFfUA8ravcL89gS8MRI+K9/w=">AAACFXicbVDJSgNBEO1xN25Rj14ag6AoYUYlehS9eIyQDTIx1HR6kiY9M013jRCG/IQXf8WLB0W8Ct78GzvLwe1Bwev3quiqFygpDLrupzMzOze/sLi0nFtZXVvfyG9u1UySasarLJGJbgRguBQxr6JAyRtKc4gCyetB/2rk1++4NiKJKzhQvBVBNxahYIBWauePDv0+KAXUlzzEfT8A7SsjaOYzkLQyHD18Lbo9PLg9aecLbtEdg/4l3pQUyBTldv7D7yQsjXiMTIIxTc9V2MpAo2CSD3N+argC1ocub1oaQ8RNKxtfNaR7VunQMNG2YqRj9ftEBpExgyiwnRFgz/z2RuJ/XjPF8LyViVilyGM2+ShMJcWEjiKiHaE5QzmwBJgWdlfKeqCBoQ0yZ0Pwfp/8l9SOi16pWLo5LVxcTuNYIjtkl+wTj5yRC3JNyqRKGLknj+SZvDgPzpPz6rxNWmec6cw2+QHn/QuaH55+</latexit>

+
�
 ̄T  

�3<latexit sha1_base64="crIBX0OiEwfM9ODWrVPuAVhEhTQ=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoQY8RzAOSJfROZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7AkM5k7RhmeW0nWgKIuK0FY1upn7riWrDlHyw44SGAgaSxYyAdVKzewtCQK9U9iv+DHiZBDkpoxz1Xumr21ckFVRawsGYTuAnNsxAW0Y4nRS7qaEJkBEMaMdRCYKaMJtdO8GnTunjWGlX0uKZ+nsiA2HMWESuU4AdmkVvKv7ndVIbX4UZk0lqqSTzRXHKsVV4+jruM02J5WNHgGjmbsVkCBqIdQEVXQjB4svLpHleCaqV6v1FuXadx1FAx+gEnaEAXaIaukN11EAEPaJn9IrePOW9eO/ex7x1xctnjtAfeJ8/WX2PAA==</latexit>

�
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<latexit sha1_base64="1hzCCtsfbbSwF/zsltzmsgkxjHg="></latexit>

�̄ =

Z

x

1

4
F a
µ⌫F

a
µ⌫ + Lgf + Lgh +  ̄�µDµ  + �

�
 ̄ T  

�2

<latexit sha1_base64="OLCJk4pLiCVI1WuLi5EzseNFjOw="></latexit>

�<latexit sha1_base64="llZ2boAWpRdGmSGpwNpzOoMpI+M="></latexit>g

<latexit sha1_base64="xNbTxtfgDoC/DyF4+jr7rv/Rki4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqJP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwB3auM/w==</latexit>p

Landau pole?

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

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

+

<latexit sha1_base64="T8cWCy/rXvprFcbPCIpdExkCbo4="></latexit>

� / 1

p2 +m2
�

<latexit sha1_base64="EftervhUbUfJc9+Jb10XrvAq3Ok="></latexit>

h( ̄ )2i ⇠ h( ̄ )( ̄ )i
<latexit sha1_base64="nGyTlfG2Cg6e1p6BW0pOlNNoqeY="></latexit>

h��i�1 ⟶

Resonant channel 

<latexit sha1_base64="1hzCCtsfbbSwF/zsltzmsgkxjHg="></latexit>

�̄ =

Z

x

1

4
F a
µ⌫F

a
µ⌫ + Lgf + Lgh +  ̄�µDµ  + �

�
 ̄ T  

�2
<latexit sha1_base64="b1FzsTn2NOlp3z/32iYSlkX6UVk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSIIQklEqseiF48V7Ae0oWw2m3bpZjfuboQS+ie8eFDEq3/Hm//GTZuDtj4YeLw3w8y8IOFMG9f9dlZW19Y3Nktb5e2d3b39ysFhW8tUEdoikkvVDbCmnAnaMsxw2k0UxXHAaScY3+Z+54kqzaR4MJOE+jEeChYxgo2Vuud9Hkqjy4NK1a25M6Bl4hWkCgWag8pXP5QkjakwhGOte56bGD/DyjDC6bTcTzVNMBnjIe1ZKnBMtZ/N7p2iU6uEKJLKljBopv6eyHCs9SQObGeMzUgvern4n9dLTXTtZ0wkqaGCzBdFKUdGovx5FDJFieETSzBRzN6KyAgrTIyNKA/BW3x5mbQval69Vr+/rDZuijhKcAwncAYeXEED7qAJLSDA4Rle4c15dF6cd+dj3rriFDNH8AfO5w9doY+M</latexit>

+ . . .
<latexit sha1_base64="cgtyFfUA8ravcL89gS8MRI+K9/w=">AAACFXicbVDJSgNBEO1xN25Rj14ag6AoYUYlehS9eIyQDTIx1HR6kiY9M013jRCG/IQXf8WLB0W8Ct78GzvLwe1Bwev3quiqFygpDLrupzMzOze/sLi0nFtZXVvfyG9u1UySasarLJGJbgRguBQxr6JAyRtKc4gCyetB/2rk1++4NiKJKzhQvBVBNxahYIBWauePDv0+KAXUlzzEfT8A7SsjaOYzkLQyHD18Lbo9PLg9aecLbtEdg/4l3pQUyBTldv7D7yQsjXiMTIIxTc9V2MpAo2CSD3N+argC1ocub1oaQ8RNKxtfNaR7VunQMNG2YqRj9ftEBpExgyiwnRFgz/z2RuJ/XjPF8LyViVilyGM2+ShMJcWEjiKiHaE5QzmwBJgWdlfKeqCBoQ0yZ0Pwfp/8l9SOi16pWLo5LVxcTuNYIjtkl+wTj5yRC3JNyqRKGLknj+SZvDgPzpPz6rxNWmec6cw2+QHn/QuaH55+</latexit>

+
�
 ̄T  

�3<latexit sha1_base64="crIBX0OiEwfM9ODWrVPuAVhEhTQ=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoQY8RzAOSJfROZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7AkM5k7RhmeW0nWgKIuK0FY1upn7riWrDlHyw44SGAgaSxYyAdVKzewtCQK9U9iv+DHiZBDkpoxz1Xumr21ckFVRawsGYTuAnNsxAW0Y4nRS7qaEJkBEMaMdRCYKaMJtdO8GnTunjWGlX0uKZ+nsiA2HMWESuU4AdmkVvKv7ndVIbX4UZk0lqqSTzRXHKsVV4+jruM02J5WNHgGjmbsVkCBqIdQEVXQjB4svLpHleCaqV6v1FuXadx1FAx+gEnaEAXaIaukN11EAEPaJn9IrePOW9eO/ex7x1xctnjtAfeJ8/WX2PAA==</latexit>

�
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<latexit sha1_base64="1hzCCtsfbbSwF/zsltzmsgkxjHg="></latexit>

�̄ =

Z

x

1

4
F a
µ⌫F

a
µ⌫ + Lgf + Lgh +  ̄�µDµ  + �

�
 ̄ T  

�2

<latexit sha1_base64="2OFy6In/fKzV2w6kN5XQkvs5PUA="></latexit>

(� = 1) ⌘ (m� = 0)χSB ⟶<latexit sha1_base64="OLCJk4pLiCVI1WuLi5EzseNFjOw="></latexit>

�<latexit sha1_base64="llZ2boAWpRdGmSGpwNpzOoMpI+M="></latexit>g

<latexit sha1_base64="xNbTxtfgDoC/DyF4+jr7rv/Rki4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqJP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwB3auM/w==</latexit>p

Landau pole?

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

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

+

<latexit sha1_base64="T8cWCy/rXvprFcbPCIpdExkCbo4="></latexit>

� / 1

p2 +m2
�

<latexit sha1_base64="EftervhUbUfJc9+Jb10XrvAq3Ok="></latexit>

h( ̄ )2i ⇠ h( ̄ )( ̄ )i
<latexit sha1_base64="nGyTlfG2Cg6e1p6BW0pOlNNoqeY="></latexit>

h��i�1 ⟶

Resonant channel 

<latexit sha1_base64="1hzCCtsfbbSwF/zsltzmsgkxjHg="></latexit>

�̄ =

Z

x

1

4
F a
µ⌫F

a
µ⌫ + Lgf + Lgh +  ̄�µDµ  + �

�
 ̄ T  

�2
<latexit sha1_base64="b1FzsTn2NOlp3z/32iYSlkX6UVk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSIIQklEqseiF48V7Ae0oWw2m3bpZjfuboQS+ie8eFDEq3/Hm//GTZuDtj4YeLw3w8y8IOFMG9f9dlZW19Y3Nktb5e2d3b39ysFhW8tUEdoikkvVDbCmnAnaMsxw2k0UxXHAaScY3+Z+54kqzaR4MJOE+jEeChYxgo2Vuud9Hkqjy4NK1a25M6Bl4hWkCgWag8pXP5QkjakwhGOte56bGD/DyjDC6bTcTzVNMBnjIe1ZKnBMtZ/N7p2iU6uEKJLKljBopv6eyHCs9SQObGeMzUgvern4n9dLTXTtZ0wkqaGCzBdFKUdGovx5FDJFieETSzBRzN6KyAgrTIyNKA/BW3x5mbQval69Vr+/rDZuijhKcAwncAYeXEED7qAJLSDA4Rle4c15dF6cd+dj3rriFDNH8AfO5w9doY+M</latexit>

+ . . .
<latexit sha1_base64="cgtyFfUA8ravcL89gS8MRI+K9/w=">AAACFXicbVDJSgNBEO1xN25Rj14ag6AoYUYlehS9eIyQDTIx1HR6kiY9M013jRCG/IQXf8WLB0W8Ct78GzvLwe1Bwev3quiqFygpDLrupzMzOze/sLi0nFtZXVvfyG9u1UySasarLJGJbgRguBQxr6JAyRtKc4gCyetB/2rk1++4NiKJKzhQvBVBNxahYIBWauePDv0+KAXUlzzEfT8A7SsjaOYzkLQyHD18Lbo9PLg9aecLbtEdg/4l3pQUyBTldv7D7yQsjXiMTIIxTc9V2MpAo2CSD3N+argC1ocub1oaQ8RNKxtfNaR7VunQMNG2YqRj9ftEBpExgyiwnRFgz/z2RuJ/XjPF8LyViVilyGM2+ShMJcWEjiKiHaE5QzmwBJgWdlfKeqCBoQ0yZ0Pwfp/8l9SOi16pWLo5LVxcTuNYIjtkl+wTj5yRC3JNyqRKGLknj+SZvDgPzpPz6rxNWmec6cw2+QHn/QuaH55+</latexit>

+
�
 ̄T  

�3<latexit sha1_base64="crIBX0OiEwfM9ODWrVPuAVhEhTQ=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoQY8RzAOSJfROZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7AkM5k7RhmeW0nWgKIuK0FY1upn7riWrDlHyw44SGAgaSxYyAdVKzewtCQK9U9iv+DHiZBDkpoxz1Xumr21ckFVRawsGYTuAnNsxAW0Y4nRS7qaEJkBEMaMdRCYKaMJtdO8GnTunjWGlX0uKZ+nsiA2HMWESuU4AdmkVvKv7ndVIbX4UZk0lqqSTzRXHKsVV4+jruM02J5WNHgGjmbsVkCBqIdQEVXQjB4svLpHleCaqV6v1FuXadx1FAx+gEnaEAXaIaukN11EAEPaJn9IrePOW9eO/ex7x1xctnjtAfeJ8/WX2PAA==</latexit>

�

Higher dimensional operators carry information 
of bound states formation and d SB χ

<latexit sha1_base64="TDZ5kXVcRihTN/44IH5FtXDuleA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1GvfFwXWvdFnGU4QzO4RI8aEIL7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEXGo5K</latexit>

�
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Gies, Wetterich ’01

<latexit sha1_base64="4Ymxt+uM5fN2+juRODFOEwAhZv8="></latexit>
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 ̄ T 0
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�2

+ ( ̄ i�5 T
a
f  )

2
i
+ h  ̄

�
T 0
f � + i�5 T

a
f ⇡

a
�
 +

1

2
(@µ�)

2 + V (�2)

Stratonovich’57 Hubbard’59

Fukushima,Pawlowski,Strodthoff [2103.01129]Pawlowski [hep-th/0512261]
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Gies, Wetterich ’01

<latexit sha1_base64="4Ymxt+uM5fN2+juRODFOEwAhZv8="></latexit>
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⇤
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f  
�2

+ ( ̄ i�5 T
a
f  )

2
i
+ h  ̄

�
T 0
f � + i�5 T

a
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a
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 +
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Fukushima,Pawlowski,Strodthoff [2103.01129]Pawlowski [hep-th/0512261]
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Gies, Wetterich ’01

<latexit sha1_base64="ZbonqiZvs51sqe6wZghp/b6+Q/c="></latexit>

�̄k =

Z

x

1

4
F a
µ⌫F

a
µ⌫ + (@µc̄

a)Dab
µ cb +

1
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(@µA

a
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⇥
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⇤
 

+ h  ̄
�
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a
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�
 +
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2 + V (�2)

<latexit sha1_base64="4Ymxt+uM5fN2+juRODFOEwAhZv8="></latexit>

�̄k =

Z

x

1

4
F a
µ⌫F

a
µ⌫ + (@µc̄

a)Dab
µ cb +

1

2⇠
(@µA

a
µ)

2 +  ̄
⇥
(�µDµ)

⇤
 � �

h �
 ̄ T 0

f  
�2

+ ( ̄ i�5 T
a
f  )

2
i
+ h  ̄

�
T 0
f � + i�5 T

a
f ⇡

a
�
 +
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(@µ�)

2 + V (�2)

Stratonovich’57 Hubbard’59

<latexit sha1_base64="Wchui/y8PAPJRP9Xm9MQGsmEpXU="></latexit>

� = (�, i�5⇡
a)

<latexit sha1_base64="AFnLQIaNEAA0qcJznAOhjTIZcmM="></latexit>

V (�2) =
NmaxX

n=1

�n

n!

✓
�2

2

◆n

<latexit sha1_base64="TDZ5kXVcRihTN/44IH5FtXDuleA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1GvfFwXWvdFnGU4QzO4RI8aEIL7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEXGo5K</latexit>

�

Fukushima,Pawlowski,Strodthoff [2103.01129]Pawlowski [hep-th/0512261]
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✦ Obtaining fundamental parameters  

- Constituent fermion masses:  (within 10% error) 

- Chiral condensate:  

- Composite masses of bosonised channels:  

✦ Account for higher dimensional fermionic operators 

via higher-order scalar potential

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>

{h, V (�), Z , Z�,�i}

0.01

10

104

<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
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Interplay of scales and fundamental parameters

12

1 2 3 4 5 6 7 8 9 10 11 12

0.1

0.5
1

5
10

1 2 3 4 5 6 7 8 9 10 11
0.01

0.05
0.10

0.50
0.01

0.05
0.10

0.50
1

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

■■

0.0
0.2
0.4
0.6
0.8
1.0
1.2



 Álvaro Pastor Gutiérrez, MPIK Heidelberg 

<latexit sha1_base64="X9+rApvKzKZFKkKK1uAOEaV7chA="></latexit>
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�Walking dynamics and flow over EFTs

13

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



 Álvaro Pastor Gutiérrez, MPIK Heidelberg 

Cartography

14

5 10 15 200

2

4

6

8

10

<latexit sha1_base64="02wm089AGPiVC3muTHGPxcvRJIU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUr0IRS+epIL9gHYp2TTbxmaTJckKZel/8OJBEa/+H2/+G7PtHrT6YODx3gwz84KYM21c98sprKyurW8UN0tb2zu7e+X9g7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLnO/M4jVZpJcW+mMfUjPBIsZAQbK7VvB+SyVhqUK27VnQP9JV5OKpCjOSh/9oeSJBEVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SwWOqPbT+bUzdGKVIQqlsiUMmqs/J1IcaT2NAtsZYTPWy14m/uf1EhNe+CkTcWKoIItFYcKRkSh7HQ2ZosTwqSWYKGZvRWSMFSbGBpSF4C2//Je0a1WvXq3fnVUaV3kcRTiCYzgFD86hATfQhBYQeIAneIFXRzrPzpvzvmgtOPnMIfyC8/ENRRuOSg==</latexit> N c
=
2

<latexit sha1_base64="XwO7sMvBx+aI2xPDeBsbUipSWXc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqV6EohdPUsF+QLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jdl2D9r6YODx3gwz84KYM21c99sprKyurW8UN0tb2zu7e+X9g5aWiSK0SSSXqhNgTTkTtGmY4bQTK4qjgNN2ML7J/PYTVZpJ8WAmMfUjPBQsZAQbK7Xu+uSqVuqXK27VnQEtEy8nFcjR6Je/egNJkogKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupQJHVPvp7NopOrHKAIVS2RIGzdTfEymOtJ5Ege2MsBnpRS8T//O6iQkv/ZSJODFUkPmiMOHISJS9jgZMUWL4xBJMFLO3IjLCChNjA8pC8BZfXiats6pXq9buzyv16zyOIhzBMZyCBxdQh1toQBMIPMIzvMKbI50X5935mLcWnHzmEP7A+fwBSy+OTg==</latexit> N c
=
6

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

<latexit sha1_base64="k4bMQT3Hp8qUpZ32g1r9uwT386w=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqexKqV6EohdPUsFtC+1Ssmm2Dc1mlyQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsSwbVxnG9UWFvf2Nwqbpd2dvf2D8qHRy0dp4oyj8YiVp2AaCa4ZJ7hRrBOohiJAsHawfh25refmNI8lo9mkjA/IkPJQ06JsZJ336fXtX654lSdOfAqcXNSgRzNfvmrN4hpGjFpqCBad10nMX5GlOFUsGmpl2qWEDomQ9a1VJKIaT+bHzvFZ1YZ4DBWtqTBc/X3REYirSdRYDsjYkZ62ZuJ/3nd1IRXfsZlkhom6WJRmApsYjz7HA+4YtSIiSWEKm5vxXREFKHG5lOyIbjLL6+S1kXVrVfrD7VK4yaPowgncArn4MIlNOAOmuABBQ7P8ApvSKIX9I4+Fq0FlM8cwx+gzx8SkI44</latexit> N c
=
4

<latexit sha1_base64="9HzHiGrPTC19/iLysHNjA7ccPsQ=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVrV6EohdPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN1O/dYTVZpJ8WjGCQ1iPBAsYgQbK/n3PXJ90StX3Ko7A1omXk4qkKPRK391+5KkMRWGcKx1x3MTE2RYGUY4nZS6qaYJJiM8oB1LBY6pDrLZsRN0YpU+iqSyJQyaqb8nMhxrPY5D2xljM9SL3lT8z+ukJroKMiaS1FBB5ouilCMj0fRz1GeKEsPHlmCimL0VkSFWmBibT8mG4C2+vEyaZ1WvVq09nFfqN3kcRTiCYzgFDy6hDnfQAB8IMHiGV3hzhPPivDsf89aCk88cwh84nz8UFI45</latexit> N c
=
5

0.5

1.0

5.0

10.0

50.0

0.05

0.10

0.20

0.50

0.2

0.4

0.6

0.8

1.0

0.2

0.3

0.4

0.5

0.6

Length of walking regime



 Álvaro Pastor Gutiérrez, MPIK Heidelberg 

Boundary of the conformal window
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: Critical strength of gauge dynamics necessary to trigger dynamically SBχ
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↵crit
�SB

Gies, Jaeckel ’05
Braun, Gies’05’06
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N crit
f ⇡ 10.8
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Summary and conclusions
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✦ The fRG is a powerful approach to strong dynamics: 

- “Easy” new treatment of confinement  

- Charted the landscape of gauge-fermion theories from 

first principles 

- Determination of fundamental parameters:  

➡   , ,  , size of walking regime, … 

- Quantitative estimate for the lower boundary of the CBZ 

conformal window 

- Flow over EFTs 

- Input for CFTs

mψ ⟨σ⟩ mσ
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Cyrol,Fister,Mitter,Pawlowski [1605.01856]

Fu,Pawlowski, 
Rennecke [1909.02991]

Mitter,Pawlowski, 
Strodthoff[1411.7978]

Functional Renormalisation Group in QCD

fQCD collaboration

Fister,Pawlowski [1301.4163]
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Towards the uncharted regime
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1. Chart the landscape of gauge-chiral theories 

2. Understand dynamics in the many-flavour limit from first principles  

3. Obtain fundamental parameters and the relation between scales 

4. Determine the boundary between phases: conformal & non-conformal 

5. Provide UV input to low-energy effective theories

✦ Functional methods in the continuum limit: the functional Renormalisation Group 

• No difficulties in the exact chiral limit

dynamics
d SBχ

confinement

conformality

<latexit sha1_base64="BOrJqLqkeXjl+dSjsX4Rt/Yoy9Y=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LHvRYwX5Ady3ZNNuGJtklySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPzwoQzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Hrqtx+p0iyW92ac0EDggWQRI9hY6cG/wULg3qjrJ0MW9MoVt+rOgJaJl5MK5Gj0yl9+PyapoNIQjrXuem5iggwrwwink5KfappgMsID2rVUYkF1kM2unqATq/RRFCtb0qCZ+nsiw0LrsQhtp8BmqBe9qfif101NdBlkTCapoZLMF0UpRyZG0whQnylKDB9bgoli9lZEhlhhYmxQJRuCt/jyMmmdVb1atXZ3Xqlf5XEU4QiO4RQ8uIA63EIDmkBAwTO8wpvz5Lw4787HvLXg5DOH8AfO5w9ZTpJv</latexit>

�k[�]
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In the conformal window
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Deriving correlation functions
<latexit sha1_base64="s4PeoloXmDDCreZ6UWsXOKlLLX4="></latexit>
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@t

Ihsen,Pawlowski,Sattler,Wink [2408.08413]

<latexit sha1_base64="1iUKm7zxWW1ey90U3XvIrlsAnDQ="></latexit>
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Many flavour full truncation
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6 ✦ Observations: 

- The peak of the pure-glue vertex is 
rather constant and independent of 
the number of flavours 

- The ghost-gauge coupling in the 
deep IR always reaches the same 
constant coupling given it is only 
colour-group dependent 

- Increment of gauge-chiral coupling 
strength. The stronger value of this 
avatar causes a flattening of the 
chiral potential and consequently an 
earlier SB. χ
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Yang-Mills phases and confinement
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✦ Mass gap as a dialing parameter 

✦ Confining solutions: 

- Scaling  

- Decoupling 

✦ Non-confining solutions: 

- Coulomb phase 

- Massive Yang-Mills
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Simplified truncation
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✦ Purpose: 

• Practical simplification of the pure gauge sector 

• Connection with high-order perturbative computations towards the CBZ limit 

• Implement IR fixed-point solutions from perturbative approaches

✦ Implementation: 

• Employ a single adapted gauge coupling avatar 

• Bosonised sector in full glory 
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* Fundamental parameters in good agreement with best truncations

Non-perturbative
Perturbative

Smooth decoupling of dof
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Criticality of low Nf
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Fermion masses
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Validity of LEFTS
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Dynamical bosonisation
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Boundary of the conformal window: systematics
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Boundary of the conformal window: γm
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Different tensor structures
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Dynamical hadronisation and flow over EFTs
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Dynamical hadronisation and flow over EFTs
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✓ Well defined implementation with the fRG

✴ Composites at all scales 

✴ Address theories in a full and 

complete manner 

✴ Input parameters in the 

fundamental theory predict the 

composite sector
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The SM from the fRG
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The SM from the fRG
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