
Jan M. Pawlowski 

 Universität Heidelberg & ExtreMe Matter Institute 

Cairns, August 22     2024

Conformality, Confinement and Chiral Symmetry Breaking

nd



Based on  

 Conformality, Confinement & Chiral Symmetry Breaking 

  
Florian Goertz, Álvaro Pastor-Gutiérrez, JMP, in preparation

2



GeV

Standard model No new physics? What else can you surmise? Really, still QFT?

Planck 

scale

TeV

Gut 

scale

Higgs 

stability 

bound?

 103  1  1016  1019  GeV 

 meters  10-35  10-32  10-19  10-16 

 10  10-1 

‘Never underestimate the joy people derive from hearing something they already know’

attributed to Fermi

High energy physics in a nutshell



GeV

Standard model No new physics? What else can you surmise? Really, still QFT?

Planck 

scale

TeV

Gut 

scale

Higgs 

stability 

bound?

 103  1  1016  1019  GeV 

 meters  10-35  10-32  10-19  10-16 

 10  10-1 

St
ro

ng
ly

 c
or

re
la

te
d 

Q
C
D

High energy physics in a nutshell



GeV

Standard model No new physics? What else can you surmise? Really, still QFT?

Planck 

scale

TeV

Gut 

scale

Higgs 

stability 

bound?

A
sym

ptotically safe  

high energy physics?

 103  1  1016  1019  GeV 

 meters  10-35  10-32  10-19  10-16 

 10  10-1 

St
ro

ng
ly

 c
or

re
la

te
d 

Q
C
D

High energy physics in a nutshell



GeV

Standard model No new physics? What else can you surmise? Really, still QFT?

Planck 

scale

TeV

Gut 

scale

Higgs 

stability 

bound?

A
sym

ptotically safe  

high energy physics?

 103  1  1016  1019  GeV 

 meters  10-35  10-32  10-19  10-16 

 10  10-1 

Perturbation Theory Perturbation Theory

St
ro

ng
ly

 c
or

re
la

te
d 

Q
C
D

High energy physics in a nutshell



Example: asymptotically safe Standard Model

10-8 10-6 10-4 0.01 1 100

0.001

0.010

0.100

1

10

100

1000

k-mirrors of physical thresholds

Standard Model masses

Pastor-Gutiérrez, JMP, Reichert, SciPost Phys. 15 (2023) 105

The physics of thresholds

4

10 103 105 107 109 1011 1013 1015 1017 1019 1021 1023 1025

0

0.2

0.4

0.6

0.8

1.

1.2

k-mirrors of physical thresholds

RG-scale kk-mirrors of electroweak scale Planck mass



see plenary talk of F. Rennecke (Monday)
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see plenary talk of F. Rennecke (Monday)
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see plenary of talk F. Sannino (Monday)

Strongly correlated QCD
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Beta-function of dimensionless scalar-pseudoscalar coupling
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@t� = 2��A(k,Mq)�
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Beta-function of dimensionless scalar-pseudoscalar coupling
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2
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fRG: Aoki, Braun, Jäckel, Gies, 
JMP, Terao, Wetterich, …
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Beta-function of dimensionless scalar-pseudoscalar coupling
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Dynamical hadronisation

Chiral symmetry breaking and emergent composites
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@t

‘DynHad for mesons & diquarks is BSE-DSE for QCD in a ‘unified’ effective action approach’
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<latexit sha1_base64="OubYRmK0AMsia2xEjywGv6lLF3A=">AAACI3icbZDLSsNAFIYnXmqNt1aXboJFcFWSItWVFNy4rGAv0IQymZy0Q2cmYWailJCHcKtrn8aduHHhuzi9LLT1wMDPf87hP/OFKaNKu+6XtbG5tV3aKe/ae/sHh0eV6nFXJZkk0CEJS2Q/xAoYFdDRVDPopxIwDxn0wsntrN97BKloIh70NIWA45GgMSVYG6vnxxITrzGs1Ny6Oy9nXXhLUUPLag+rVsmPEpJxEJowrNTAc1Md5FhqShgUtp8pSDGZ4BEMjBSYgwry+b2Fc26cyIkTaZ7Qztz9vZFjrtSUh2aSYz1Wq72Z+W9PmVPGEK3E6/g6yKlIMw2CLNLjjDk6cWZEnIhKIJpNjcBEUvMBh4yx4aINN9v2BTyRhHMsotynBl+R+7NkyXNaFIact8ppXXQbda9Zb95f1lo3S4ZldIrO0AXy0BVqoTvURh1E0AQ9oxf0ar1Z79aH9bkY3bCWOyfoT1nfP/Y1pHs=</latexit>

1

2
<latexit sha1_base64="CHWs27ynC6/AIVJhG1vNlHiUn54=">AAACHXicbVDLSsNAFJ1UrTW+Wl26CRbBjSURqS4LunDZgn1AE8pkctsOnZmEmYlSQr7Ara79GnfiVvwbp4+Fth4YOJxzL+fOCRNGlXbdb6uwsblV3C7t2Lt7+weH5cpRR8WpJNAmMYtlL8QKGBXQ1lQz6CUSMA8ZdMPJ7czvPoJUNBYPeppAwPFI0CElWBupdTEoV92aO4ezTrwlqaIlmoOKVfSjmKQchCYMK9X33EQHGZaaEga57acKEkwmeAR9QwXmoIJsfmnunBklcoaxNE9oZ67+3sgwV2rKQzPJsR6rVW8m/uspc8oYopV4PbwJMiqSVIMgi/RhyhwdO7MunIhKIJpNDcFEUvMBh4yxxESbxmzbF/BEYs6xiDKfmuLyzJ8lS57RPDfNeas9rZPOZc2r1+qtq2rjbtlhCZ2gU3SOPHSNGugeNVEbEQToGb2gV+vNerc+rM/FaMFa7hyjP7C+fgBPzaIX</latexit>� <latexit sha1_base64="CHWs27ynC6/AIVJhG1vNlHiUn54=">AAACHXicbVDLSsNAFJ1UrTW+Wl26CRbBjSURqS4LunDZgn1AE8pkctsOnZmEmYlSQr7Ara79GnfiVvwbp4+Fth4YOJxzL+fOCRNGlXbdb6uwsblV3C7t2Lt7+weH5cpRR8WpJNAmMYtlL8QKGBXQ1lQz6CUSMA8ZdMPJ7czvPoJUNBYPeppAwPFI0CElWBupdTEoV92aO4ezTrwlqaIlmoOKVfSjmKQchCYMK9X33EQHGZaaEga57acKEkwmeAR9QwXmoIJsfmnunBklcoaxNE9oZ67+3sgwV2rKQzPJsR6rVW8m/uspc8oYopV4PbwJMiqSVIMgi/RhyhwdO7MunIhKIJpNDcFEUvMBh4yxxESbxmzbF/BEYs6xiDKfmuLyzJ8lS57RPDfNeas9rZPOZc2r1+qtq2rjbtlhCZ2gU3SOPHSNGugeNVEbEQToGb2gV+vNerc+rM/FaMFa7hyjP7C+fgBPzaIX</latexit>�

<latexit sha1_base64="yFYYCryiSrg+msaWm/6HCgUGiNk=">AAACJHicbZDNSsNAFIUnVWutf60u3QSLIAglKVJdScGNywr2B5pSJpObdujMJMxMlBLyEm517dO4ExdufBanbRbaemHgcO69nDufHzOqtON8WYWNza3idmmnvLu3f3BYqR51VZRIAh0SsUj2fayAUQEdTTWDfiwBc59Bz5/ezvu9R5CKRuJBz2IYcjwWNKQEa2P1L7xQYuI2RpWaU3cWZa8LNxc1lFd7VLWKXhCRhIPQhGGlBq4T62GKpaaEQVb2EgUxJlM8hoGRAnNQw3RxcGafGSeww0iaJ7S9cH9vpJgrNeO+meRYT9Rqb27+21PmlAkEK/E6vB6mVMSJBkGW6WHCbB3ZcyR2QCUQzWZGYCKp+YBNJthw0QZcuewJeCIR51gEqUcNvyz15smSpzTLDDl3ldO66DbqbrPevL+stW5yhiV0gk7ROXLRFWqhO9RGHUQQQ8/oBb1ab9a79WF9LkcLVr5zjP6U9f0DZqmksA==</latexit>
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How to: systematic error estimates & the LEGO   principle ®

Flow =
16

2
© 16

2
© 16

2
© 32

2
© 16

2

© 24

2
© 12

2
© 16

2
© 16

2
© 24

2

© 16

2
© 12

2
© 8

2
© 10

2
© 4

2

Example: 4-quark scattering vertex   

Ihssen, JMP, Sattler, Wink, arXiv: 2408.08413
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Momentum-dependent quark dressings
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k�SB

<latexit sha1_base64="A6JQVy0ajwOfUSkf+fg+/2hhYNg="></latexit>

Nf = 6 : kconf ⇡ k�SB
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Interplay of confinement & chiral symmetry breaking scales 
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Quark mass and ‘chiral condensate’

<latexit sha1_base64="u0IzQav2AL2bVvz5XTvP4zs3eW0=">AAACH3icbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FL56kov2AppTN5qVdursJuxulhPwEr3r213gTr/03btoetHVgYZh5j3k7fsyo0o4zswobm1vF7dJOeXdv/+CwUj3qqCiRBNokYpHs+VgBowLammoGvVgC5j6Drj+5zf3uM0hFI/GkpzEMOB4JGlKCtZEe74fhsFJz6s4c9jpxl6SGlmgNq1bRCyKScBCaMKxU33ViPUix1JQwyMpeoiDGZIJH0DdUYA5qkM5vzewzowR2GEnzhLbn6u+NFHOlptw3kxzrsVr1cvFfT5lTxhCsxOvwepBSEScaBFmkhwmzdWTnbdgBlUA0mxqCiaTmAzYZY4mJNp2Vy56AFxJxjkWQetRUl6Venix5SrPMNOeu9rROOhd1t1FvPFzWmjfLDkvoBJ2ic+SiK9REd6iF2oigEXpFb+jd+rA+rS/rezFasJY7x+gPrNkPJrajDw==</latexit>

Nf

<latexit sha1_base64="IhPVDfh1fb0pEj8rqvuirHCwTr4=">AAACHXicbVDLSsNAFJ3UV62vVpdugkVwVRKR6rLoxmUL9gFNKJPJbTt0ZhJmJkoJ+QK3uvZr3Ilb8W+ctFlo64GBwzn3cu6cIGZUacf5tkobm1vbO+Xdyt7+weFRtXbcU1EiCXRJxCI5CLACRgV0NdUMBrEEzAMG/WB2l/v9R5CKRuJBz2PwOZ4IOqYEayN13FG17jScBex14hakjgq0RzVr2wsjknAQmjCs1NB1Yu2nWGpKGGQVL1EQYzLDExgaKjAH5aeLSzP73CihPY6keULbC/X3Roq5UnMemEmO9VStern4r6fMKVMIV+L1+MZPqYgTDYIs08cJs3Vk513YIZVANJsbgomk5gM2mWKJiTaNVSqegCcScY5FmHrUFJelXp4seUqzzDTnrva0TnqXDbfZaHau6q3bosMyOkVn6AK56Bq10D1qoy4iCNAzekGv1pv1bn1Yn8vRklXsnKA/sL5+AFYXohk=</latexit>

1
<latexit sha1_base64="o2YM2ITa/GyPcHinFS/Jv8MZNt4=">AAACHXicbVBNS8NAFNxUrbV+tXr0EiyCp5IUqR6LXjy2YD+gCWWzeW2X7m7C7kYpIb/Aq579Nd7Eq/hv3LY5aOvAwjDzHvN2gphRpR3n2ypsbe8Ud0t75f2Dw6PjSvWkp6JEEuiSiEVyEGAFjAroaqoZDGIJmAcM+sHsbuH3H0EqGokHPY/B53gi6JgSrI3UaYwqNafuLGFvEjcnNZSjPapaRS+MSMJBaMKwUkPXibWfYqkpYZCVvURBjMkMT2BoqMAclJ8uL83sC6OE9jiS5gltL9XfGynmSs15YCY51lO17i3Efz1lTplCuBavxzd+SkWcaBBklT5OmK0je9GFHVIJRLO5IZhIaj5gkymWmGjTWLnsCXgiEedYhKlHTXFZ6i2SJU9plpnm3PWeNkmvUXeb9Wbnqta6zTssoTN0ji6Ri65RC92jNuoiggA9oxf0ar1Z79aH9bkaLVj5zin6A+vrB1fQoho=</latexit>

2
<latexit sha1_base64="89dd415Twt4ski+PhugOrF9xFh4=">AAACHXicbVDLSsNAFJ1UrTW+Wl26CRbBVUlUqsuiG5ct2Ac0oUwmt+3QmUmYmSgl5Avc6tqvcSduxb9x+lho64GBwzn3cu6cMGFUadf9tgobm1vF7dKOvbu3f3BYrhx1VJxKAm0Ss1j2QqyAUQFtTTWDXiIB85BBN5zczfzuI0hFY/GgpwkEHI8EHVKCtZFal4Ny1a25czjrxFuSKlqiOahYRT+KScpBaMKwUn3PTXSQYakpYZDbfqogwWSCR9A3VGAOKsjml+bOmVEiZxhL84R25urvjQxzpaY8NJMc67Fa9Wbiv54yp4whWonXw5sgoyJJNQiySB+mzNGxM+vCiagEotnUEEwkNR9wyBhLTLRpzLZ9AU8k5hyLKPOpKS7P/Fmy5BnNc9Oct9rTOulc1Lx6rd66qjZulx2W0Ak6RefIQ9eoge5RE7URQYCe0Qt6td6sd+vD+lyMFqzlzjH6A+vrB1mJohs=</latexit>

3
<latexit sha1_base64="k0IkNigwpPwAc140MakaWl5dIVM=">AAACGXicbVA9T8MwFHQKlBK+WlaWiAqJqUoQKowVLIxFoh9SE1WO89patZ3IdkBVlF/ACjO/ho2VgX+D02aAlpMsne7e0z1fmDCqtOt+W5Wt7Z3qbm3P3j84PDqu242+ilNJoEdiFsthiBUwKqCnqWYwTCRgHjIYhPO7wh88gVQ0Fo96kUDA8VTQCSVYG+nhalxvui13CWeTeCVpohLdccOq+lFMUg5CE4aVGnluooMMS00Jg9z2UwUJJnM8hZGhAnNQQba8NHfOjRI5k1iaJ7SzVH9vZJgrteChmeRYz9S6V4j/esqcMoNoLV5PboKMiiTVIMgqfZIyR8dO0YUTUQlEs4UhmEhqPuCQGZaYaNOYbfsCnknMORZR5lNTXJ75RbLkGc1z05y33tMm6V+2vHar3ezclg3W0Ck6QxfIQ9eog+5RF/UQQYBe0Ct6s96tD+tzNVixyo0T9AfW1w+VtqC9</latexit>

4
<latexit sha1_base64="xTGKVNTqnmUPruVLfuEMlLNilXM=">AAACHXicbVDLSsNAFJ1UrTW+Wl26CRbBVUlEq8uiG5ct2Ac0oUwmt+3QmUmYmSgl5Avc6tqvcSduxb9x+lho64GBwzn3cu6cMGFUadf9tgobm1vF7dKOvbu3f3BYrhx1VJxKAm0Ss1j2QqyAUQFtTTWDXiIB85BBN5zczfzuI0hFY/GgpwkEHI8EHVKCtZFaV4Ny1a25czjrxFuSKlqiOahYRT+KScpBaMKwUn3PTXSQYakpYZDbfqogwWSCR9A3VGAOKsjml+bOmVEiZxhL84R25urvjQxzpaY8NJMc67Fa9Wbiv54yp4whWonXw5sgoyJJNQiySB+mzNGxM+vCiagEotnUEEwkNR9wyBhLTLRpzLZ9AU8k5hyLKPOpKS7P/Fmy5BnNc9Oct9rTOulc1Lx6rd66rDZulx2W0Ak6RefIQ9eoge5RE7URQYCe0Qt6td6sd+vD+lyMFqzlzjH6A+vrB1z7oh0=</latexit>

5
<latexit sha1_base64="0cjk5jSzlEkzT9qLgKABUiOVNNI=">AAACHXicbVDLSsNAFJ3UV62vVpdugkVwVRKR6rLoxmUL9gFNKJPJbTt0ZhJmJkoJ+QK3uvZr3Ilb8W+ctFlo64GBwzn3cu6cIGZUacf5tkobm1vbO+Xdyt7+weFRtXbcU1EiCXRJxCI5CLACRgV0NdUMBrEEzAMG/WB2l/v9R5CKRuJBz2PwOZ4IOqYEayN1mqNq3Wk4C9jrxC1IHRVoj2rWthdGJOEgNGFYqaHrxNpPsdSUMMgqXqIgxmSGJzA0VGAOyk8Xl2b2uVFCexxJ84S2F+rvjRRzpeY8MJMc66la9XLxX0+ZU6YQrsTr8Y2fUhEnGgRZpo8TZuvIzruwQyqBaDY3BBNJzQdsMsUSE20aq1Q8AU8k4hyLMPWoKS5LvTxZ8pRmmWnOXe1pnfQuG26z0exc1Vu3RYdldIrO0AVy0TVqoXvURl1EEKBn9IJerTfr3fqwPpejJavYOUF/YH39AF60oh4=</latexit>

6
<latexit sha1_base64="6jXZDdLK9fNPz9ffB/IcDrxMbJs=">AAACHXicbVDLSsNAFJ1UrbW+Wl26CRbBVUlEWpdFNy5bsA9oQplMbtqhM5MwM1FKyBe41bVf407cin/j9LHQ1gMDh3Pu5dw5QcKo0o7zbRW2tneKu6W98v7B4dFxpXrSU3EqCXRJzGI5CLACRgV0NdUMBokEzAMG/WB6N/f7jyAVjcWDniXgczwWNKIEayN1mqNKzak7C9ibxF2RGlqhPapaRS+MScpBaMKwUkPXSbSfYakpYZCXvVRBgskUj2FoqMAclJ8tLs3tC6OEdhRL84S2F+rvjQxzpWY8MJMc64la9+biv54yp0wgXIvX0Y2fUZGkGgRZpkcps3Vsz7uwQyqBaDYzBBNJzQdsMsESE20aK5c9AU8k5hyLMPOoKS7PvHmy5BnNc9Ocu97TJuld1d1GvdG5rrVuVx2W0Bk6R5fIRU3UQveojbqIIEDP6AW9Wm/Wu/VhfS5HC9Zq5xT9gfX1A2Btoh8=</latexit>

7
<latexit sha1_base64="CDGd8O4/lqh21sdvyplDgV5qEQo=">AAACHXicbVDLSsNAFJ1UrbW+Wl26CRbBVUlEapdFNy5bsA9oQplMbtqhM5MwM1FKyBe41bVf407cin/j9LHQ1gMDh3Pu5dw5QcKo0o7zbRW2tneKu6W98v7B4dFxpXrSU3EqCXRJzGI5CLACRgV0NdUMBokEzAMG/WB6N/f7jyAVjcWDniXgczwWNKIEayN1mqNKzak7C9ibxF2RGlqhPapaRS+MScpBaMKwUkPXSbSfYakpYZCXvVRBgskUj2FoqMAclJ8tLs3tC6OEdhRL84S2F+rvjQxzpWY8MJMc64la9+biv54yp0wgXIvXUdPPqEhSDYIs06OU2Tq2513YIZVANJsZgomk5gM2mWCJiTaNlcuegCcSc45FmHnUFJdn3jxZ8ozmuWnOXe9pk/Su6m6j3uhc11q3qw5L6Aydo0vkohvUQveojbqIIEDP6AW9Wm/Wu/VhfS5HC9Zq5xT9gfX1A2ImoiA=</latexit>

8
<latexit sha1_base64="qHpEwFX2eYA5KdsDmPz937AeoHg=">AAACHXicbVDLSsNAFJ1UrTW+Wl26CRbBVUlEqu6Kbly2YB/QhDKZ3LZDZyZhZqKUkC9wq2u/xp24Ff/G6WOhrQcGDufcy7lzwoRRpV332ypsbG4Vt0s79u7e/sFhuXLUUXEqCbRJzGLZC7ECRgW0NdUMeokEzEMG3XByN/O7jyAVjcWDniYQcDwSdEgJ1kZq3QzKVbfmzuGsE29JqmiJ5qBiFf0oJikHoQnDSvU9N9FBhqWmhEFu+6mCBJMJHkHfUIE5qCCbX5o7Z0aJnGEszRPamau/NzLMlZry0ExyrMdq1ZuJ/3rKnDKGaCVeD6+DjIok1SDIIn2YMkfHzqwLJ6ISiGZTQzCR1HzAIWMsMdGmMdv2BTyRmHMsosynprg882fJkmc0z01z3mpP66RzUfPqtXrrstq4XXZYQifoFJ0jD12hBrpHTdRGBAF6Ri/o1Xqz3q0P63MxWrCWO8foD6yvH2PfoiE=</latexit>

9
<latexit sha1_base64="f5jbmwe6T8lJl6NbGAfS85Sn+2o=">AAACHnicbVDLSsNAFJ3UV42vVpdugkVwVRKR6rLoxmUV+4AmlMnkph06MwkzE6WE/IFbXfs17sSt/o3Tx0JbDwwczrmXc+eEKaNKu+63VVpb39jcKm/bO7t7+weV6mFHJZkk0CYJS2QvxAoYFdDWVDPopRIwDxl0w/HN1O8+glQ0EQ96kkLA8VDQmBKsjXTvuYNKza27MzirxFuQGlqgNaham36UkIyD0IRhpfqem+ogx1JTwqCw/UxBiskYD6FvqMAcVJDPTi2cU6NETpxI84R2ZurvjRxzpSY8NJMc65Fa9qbiv54yp4wgWorX8VWQU5FmGgSZp8cZc3TiTMtwIiqBaDYxBBNJzQccMsISE20qs21fwBNJOMciyn1qmityf5oseU6LwjTnLfe0Sjrnda9Rb9xd1JrXiw7L6BidoDPkoUvURLeohdqIoBg9oxf0ar1Z79aH9TkfLVmLnSP0B9bXD84RolM=</latexit>

10
<latexit sha1_base64="++VP+zUJCQPsIq9nLmKd9ubzyTQ=">AAACHnicbVDLSsNAFJ3UV42vVpdugkVwVRKR6rLoxmUV+4AmlMnkph06MwkzE6WE/IFbXfs17sSt/o3Tx0JbDwwczrmXc+eEKaNKu+63VVpb39jcKm/bO7t7+weV6mFHJZkk0CYJS2QvxAoYFdDWVDPopRIwDxl0w/HN1O8+glQ0EQ96kkLA8VDQmBKsjXTveYNKza27MzirxFuQGlqgNaham36UkIyD0IRhpfqem+ogx1JTwqCw/UxBiskYD6FvqMAcVJDPTi2cU6NETpxI84R2ZurvjRxzpSY8NJMc65Fa9qbiv54yp4wgWorX8VWQU5FmGgSZp8cZc3TiTMtwIiqBaDYxBBNJzQccMsISE20qs21fwBNJOMciyn1qmityf5oseU6LwjTnLfe0Sjrnda9Rb9xd1JrXiw7L6BidoDPkoUvURLeohdqIoBg9oxf0ar1Z79aH9TkfLVmLnSP0B9bXD8/KolQ=</latexit>

11

Florian Goertz, Álvaro Pastor-Gutiérrez, JMP, in preparation

walking

walking

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

0.1

0.5
1

5
10

Ratio of confinement and chiral symmetry breaking scales

<latexit sha1_base64="A6JQVy0ajwOfUSkf+fg+/2hhYNg="></latexit>

Nf = 6 : kconf ⇡ k�SB



<latexit sha1_base64="dJysYlO5oZRCPuJNeJV3n7J/7n0=">AAACInicbVDLSsNAFJ3UV42vVpdugkVwVRKR6rLoxmUF+4CmlMnkth07MwkzE6WE/INbXfs17sSV4Mc4abPQ1gMDh3Pu5dw5Qcyo0q77ZZXW1jc2t8rb9s7u3v5BpXrYUVEiCbRJxCLZC7ACRgW0NdUMerEEzAMG3WB6k/vdR5CKRuJez2IYcDwWdEQJ1kbq+IqOOR5Wam7dncNZJV5BaqhAa1i1Nv0wIgkHoQnDSvU9N9aDFEtNCYPM9hMFMSZTPIa+oQJzUIN0fm7mnBoldEaRNE9oZ67+3kgxV2rGAzPJsZ6oZS8X//WUOWUC4VK8Hl0NUiriRIMgi/RRwhwdOXkhTkglEM1mhmAiqfmAQyZYYqJNbbbtC3giEedYhKlPTXtZ6ufJkqc0y0xz3nJPq6RzXvca9cbdRa15XXRYRsfoBJ0hD12iJrpFLdRGBD2gZ/SCXq036936sD4XoyWr2DlCf2B9/wDvTqSH</latexit>�<latexit sha1_base64="QPRD4AUj5aihmQq6waCFJ04/LWA=">AAACH3icbVDLSsNAFJ3UV62vVpdugkVwVRKR6rLoxmVF+4AmlMnkth06MwkzE6WEfIJbXfs17sRt/8ZJm4W2Hhg4nHMv584JYkaVdpy5VdrY3NreKe9W9vYPDo+qteOuihJJoEMiFsl+gBUwKqCjqWbQjyVgHjDoBdO73O89g1Q0Ek96FoPP8VjQESVYG+nRi+mwWncazgL2OnELUkcF2sOate2FEUk4CE0YVmrgOrH2Uyw1JQyyipcoiDGZ4jEMDBWYg/LTxa2ZfW6U0B5F0jyh7YX6eyPFXKkZD8wkx3qiVr1c/NdT5pQJhCvxenTjp1TEiQZBlumjhNk6svM27JBKIJrNDMFEUvMBm0ywxESbzioVT8ALiTjHIkw9aqrLUi9PljylWWaac1d7Wifdy4bbbDQfruqt26LDMjpFZ+gCuegatdA9aqMOImiMXtEberc+rE/ry/pejpasYucE/YE1/wFhdaMx</latexit>⇡
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Walking dynamics
<latexit sha1_base64="5dtaP03cn0heiTTFrlHVQH2In1A=">AAACI3icbVDLSgMxFM34rONbl26CRXBVZkSqLoSiG1dSwbaCM5RM5o4NTTJDklHKMB/hVtd+jTtx48J/MX0stPVA4HDOvZybE2WcaeN5X87c/MLi0nJlxV1dW9/Y3Nreaes0VxRaNOWpuouIBs4ktAwzHO4yBUREHDpR/3Lodx5BaZbKWzPIIBTkQbKEUWKs1LnuJvgcn3W3ql7NGwHPEn9CqmiCZnfbWQrilOYCpKGcaH3ve5kJC6IMoxxKN8g1ZIT2yQPcWyqJAB0Wo3tLfGCVGCepsk8aPFJ/bxREaD0QkZ0UxPT0tDcU//W0PaUH8VS8SU7DgsksNyDpOD3JOTYpHjaCY6aAGj6whFDF7Acw7RFFqLG9uW4g4YmmQhAZFwGz9ZVFMExWomBlaZvzp3uaJe2jml+v1W+Oq42LSYcVtIf20SHy0QlqoCvURC1EUR89oxf06rw5786H8zkenXMmO7voD5zvH/oRo+0=</latexit>

Nf = 9

Florian Goertz, Álvaro Pastor-Gutiérrez, JMP, in preparation

<latexit sha1_base64="N8YzzNIvMr9AAyQjmrnQUHmpToA=">AAACMXicbZBNS8NAEIY3ftb61dqjl2ARPJVEpHos9eKxoq0FU8pmM7VLdzdhd6KWkN/iVc/+mt7Eq3/C7cdBqwMLL+/M8M4+YSK4Qc+bOCura+sbm4Wt4vbO7t5+qXzQMXGqGbRZLGLdDakBwRW0kaOAbqKBylDAXTi6nPbvHkEbHqtbHCfQk/RB8QFnFK3VL1VG/SxgQx4gPKOW2U0zz/ulqlfzZuX+Ff5CVMmiWv2ysxFEMUslKGSCGnPvewn2MqqRMwF5MUgNJJSN6APcW6moBNPLZtfn7rF1IncQa/sUujP350ZGpTFjGdpJSXFolntT89+esacMIVqKx8FFL+MqSREUm6cPUuFi7E75uBHXwFCMraBMc/sBlw2ppgwtxWIxUPDEYimpirKAW5h5FkyTLTo+I+cvc/orOqc1v16rX59VG80FwwI5JEfkhPjknDTIFWmRNmFkTF7IK3lz3p2J8+F8zkdXnMVOhfwq5+sb84SqrA==</latexit>

k�SB

<latexit sha1_base64="Qqi8MpRgwWSxLACb/5ZUhF9XzwM=">AAACL3icbZBNS8NAEIY3VavWr1aPXoJF8FQSEfUoevGoYLVgStlsJu3S/Qi7E7WE/BSvevbXiBfx6r9wW3vQ6sDCyzszvLNPnAluMQjevMrc/EJ1cWm5trK6tr5Rb2xeW50bBm2mhTadmFoQXEEbOQroZAaojAXcxMOzcf/mDozlWl3hKIOupH3FU84oOqtXbwx7RYTwgEYWTKu0LHv1ZtAKJuX/FeFUNMm0LnoNrxolmuUSFDJBrb0Ngwy7BTXImYCyFuUWMsqGtA+3TioqwXaLye2lv+ucxE+1cU+hP3F/bhRUWjuSsZuUFAd2tjc2/+1Zd8oAkpl4TI+7BVdZjqDYd3qaCx+1P6bjJ9wAQzFygjLD3Qd8NqCGMnQMa7VIwT3TUlKVFBF3KMsiGic7eHxCLpzl9Fdc77fCw9bh5UHz5HTKcIlskx2yR0JyRE7IObkgbcLIPXkkT+TZe/FevXfv43u04k13tsiv8j6/AMGqqhk=</latexit>

kconf



Lower boundary of the CBZ-window

Florian Goertz, Álvaro Pastor-Gutiérrez, JMP, in preparation
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Loss of chiral symmetry breaking

<latexit sha1_base64="zK3+R9uVnFKRxffAbiLU0WmR6O0="></latexit>

kconf
k�SB

! 0
<latexit sha1_base64="3M94HIQy6HphRoNxSbz3BBI9nXU="></latexit>

↵crit
�SB = ↵⇤

g

<latexit sha1_base64="dk3/kKAXp98mKHHPwFM2ZRvuGEQ="></latexit>

N crit
f ⇡ 10.8



Phase structure of many flavour QCD
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<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
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Summary
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 Functional renormalisation group approach to confining and chiral symmetry breaking dynamics in many-flavour QCD        

Stage is set: Stay tuned!

fQCD

 Systematic error estimates with the LEGO    principle ®
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 Phase structure of many-flavour QCD with full chiral dynamics
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