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

<latexit sha1_base64="9HivK7z6aKb+rCYgUiHUP+4yGkg=">AAACHXicbVDLSsNAFJ1UrbW+Wl26CRbBVUlEqsuiG5ct9AVNKJPJTTt0ZhJmJkoJ+QK3uvZr3Ilb8W+cPhbaemDgcM69nDsnSBhV2nG+rcLW9k5xt7RX3j84PDquVE96Kk4lgS6JWSwHAVbAqICupprBIJGAecCgH0zv537/EaSisejoWQI+x2NBI0qwNlK7M6rUnLqzgL1J3BWpoRVao6pV9MKYpByEJgwrNXSdRPsZlpoSBnnZSxUkmEzxGIaGCsxB+dni0ty+MEpoR7E0T2h7of7eyDBXasYDM8mxnqh1by7+6ylzygTCtXgd3foZFUmqQZBlepQyW8f2vAs7pBKIZjNDMJHUfMAmEywx0aaxctkT8ERizrEIM4+a4vLMmydLntE8N8256z1tkt5V3W3UG+3rWvNu1WEJnaFzdIlcdIOa6AG1UBcRBOgZvaBX6816tz6sz+VowVrtnKI/sL5+AJJiojw=</latexit>

T

<latexit sha1_base64="8DhXQj/hmMzjg802Ny9vKuqRd+k=">AAACIXicbVBNS8NAFNzUr1q/Wj16CRbBU0lEqsdSLx4rmLbQhLLZvLZLdzdhd6OUkN/gVc/+Gm/iTfwzbtsctHVgYZh5j3k7YcKo0o7zZZU2Nre2d8q7lb39g8Ojau24q+JUEvBIzGLZD7ECRgV4mmoG/UQC5iGDXji9nfu9R5CKxuJBzxIIOB4LOqIEayN5Pk+H7WG17jScBex14hakjgp0hjVr249iknIQmjCs1MB1Eh1kWGpKGOQVP1WQYDLFYxgYKjAHFWSLa3P73CiRPYqleULbC/X3Roa5UjMemkmO9UStenPxX0+ZUyYQrcTr0U2QUZGkGgRZpo9SZuvYnvdhR1QC0WxmCCaSmg/YZIIlJtq0Vqn4Ap5IzDkWUeZTU16e+fNkyTOa56Y5d7WnddK9bLjNRvP+qt5qFx2W0Sk6QxfIRdeohe5QB3mIIIqe0Qt6td6sd+vD+lyOlqxi5wT9gfX9A9Nyo+8=</latexit>µB

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

No new physics?

Strongly correlated QCD

https://indico.cern.ch/event/1293041/contributions/5948779/attachments/2912403/5110153/Confinement2024_Rennecke.pdf


see plenary talk of F. Rennecke (Monday)

<latexit sha1_base64="9HivK7z6aKb+rCYgUiHUP+4yGkg=">AAACHXicbVDLSsNAFJ1UrbW+Wl26CRbBVUlEqsuiG5ct9AVNKJPJTTt0ZhJmJkoJ+QK3uvZr3Ilb8W+cPhbaemDgcM69nDsnSBhV2nG+rcLW9k5xt7RX3j84PDquVE96Kk4lgS6JWSwHAVbAqICupprBIJGAecCgH0zv537/EaSisejoWQI+x2NBI0qwNlK7M6rUnLqzgL1J3BWpoRVao6pV9MKYpByEJgwrNXSdRPsZlpoSBnnZSxUkmEzxGIaGCsxB+dni0ty+MEpoR7E0T2h7of7eyDBXasYDM8mxnqh1by7+6ylzygTCtXgd3foZFUmqQZBlepQyW8f2vAs7pBKIZjNDMJHUfMAmEywx0aaxctkT8ERizrEIM4+a4vLMmydLntE8N8256z1tkt5V3W3UG+3rWvNu1WEJnaFzdIlcdIOa6AG1UBcRBOgZvaBX6816tz6sz+VowVrtnKI/sL5+AJJiojw=</latexit>

T

<latexit sha1_base64="8DhXQj/hmMzjg802Ny9vKuqRd+k=">AAACIXicbVBNS8NAFNzUr1q/Wj16CRbBU0lEqsdSLx4rmLbQhLLZvLZLdzdhd6OUkN/gVc/+Gm/iTfwzbtsctHVgYZh5j3k7YcKo0o7zZZU2Nre2d8q7lb39g8Ojau24q+JUEvBIzGLZD7ECRgV4mmoG/UQC5iGDXji9nfu9R5CKxuJBzxIIOB4LOqIEayN5Pk+H7WG17jScBex14hakjgp0hjVr249iknIQmjCs1MB1Eh1kWGpKGOQVP1WQYDLFYxgYKjAHFWSLa3P73CiRPYqleULbC/X3Roa5UjMemkmO9UStenPxX0+ZUyYQrcTr0U2QUZGkGgRZpo9SZuvYnvdhR1QC0WxmCCaSmg/YZIIlJtq0Vqn4Ap5IzDkWUeZTU16e+fNkyTOa56Y5d7WnddK9bLjNRvP+qt5qFx2W0Sk6QxfIRdeohe5QB3mIIIqe0Qt6td6sd+vD+lyOlqxi5wT9gfX9A9Nyo+8=</latexit>µB

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

No new physics?

New physics in the desert?

Composite Higgs

Strongly correlated gauge theories

Conformal, walking regimes 

…
 

see plenary of talk F. Sannino (Monday)

Strongly correlated QCD

https://indico.cern.ch/event/1293041/contributions/5948779/attachments/2912403/5110153/Confinement2024_Rennecke.pdf
https://indico.cern.ch/event/1293041/contributions/6023192/attachments/2912931/5111243/Sannino%20Confinement-Treasure-Trove.pdf


Phase structure of many flavour QCD

<latexit sha1_base64="r4zcGeewPk/nM7abmL6RA6pJubs="></latexit>

�g = � g3

(4⇡)2

✓
11

3
CA � 4

3
TFNf

◆
� g5

(4⇡)4

✓
34

3
CA � 4CFTFNf � 20

3
CATFNf

◆
+ · · ·Two-loop beta-function

Casimirs Dynkin index



Phase structure of many flavour QCD

<latexit sha1_base64="r4zcGeewPk/nM7abmL6RA6pJubs="></latexit>

�g = � g3

(4⇡)2

✓
11

3
CA � 4

3
TFNf

◆
� g5

(4⇡)4

✓
34

3
CA � 4CFTFNf � 20

3
CATFNf

◆
+ · · ·Two-loop beta-function

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

<latexit sha1_base64="koFSN8bpKtNyakpytmuJU89Dtd8="></latexit>

g⇤

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

<latexit sha1_base64="bRnkwxejturV+H0N8cbvpwvc/SY=">AAACL3icbVDLSgNBEJz1bXwlevQyGARPYVdEPYpePEYwUXBD6J3tJIPzWGZm1bDsp3jVs18jXsSrf+Ek5qDRgoGiqpvqqSQT3LowfAtmZufmFxaXlisrq2vrG9XaZtvq3DBsMS20uU7AouAKW447gdeZQZCJwKvk9mzkX92hsVyrSzfMsCOhr3iPM3Be6lZrcYIOun0aQ5YZ/UDDbrUeNsIx6F8STUidTNDs1oKFONUsl6gcE2DtTRRmrlOAcZwJLCtxbjEDdgt9vPFUgUTbKca3l3TXKyntaeOfcnSs/twoQFo7lImflOAGdtobif961p8ywHQq3vWOOwVXWe5Qse/0Xi6o03TUDk25QebE0BNghvsPUDYAA8z5DiuVWOE901KCSouY+yrLIh4lG1nwsvTNRdM9/SXt/UZ02Di8OKifnE46XCLbZIfskYgckRNyTpqkRRi5J4/kiTwHL8Fr8B58fI/OBJOdLfILwecXmn6o3Q==</latexit>

�g ⇡ 0

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

Courtesy A. Pastor-Gutierrez

Phase structure of many-flavour QCD

Casimirs Dynkin index



Phase structure of many flavour QCD

<latexit sha1_base64="r4zcGeewPk/nM7abmL6RA6pJubs="></latexit>

�g = � g3

(4⇡)2

✓
11

3
CA � 4

3
TFNf

◆
� g5

(4⇡)4

✓
34

3
CA � 4CFTFNf � 20

3
CATFNf

◆
+ · · ·Two-loop beta-function

Semi-perturbative  
IR beta functions

Perturbative  
IR beta functions

fRG schemes converge ‘easily’

Non-perturbative infrared  
chiral dynamics & confinement

Many-flavour QCD with the functional RG

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

Courtesy A. Pastor-Gutierrez

Phase structure of many-flavour QCD

Casimirs Dynkin index



Phase structure of many flavour QCD

<latexit sha1_base64="r4zcGeewPk/nM7abmL6RA6pJubs="></latexit>

�g = � g3

(4⇡)2

✓
11

3
CA � 4

3
TFNf

◆
� g5

(4⇡)4

✓
34

3
CA � 4CFTFNf � 20

3
CATFNf

◆
+ · · ·Two-loop beta-function

Semi-perturbative  
IR beta functions

Perturbative  
IR beta functions

fRG schemes converge ‘easily’

Non-perturbative infrared  
chiral dynamics & confinement

Many-flavour QCD with the functional RG

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

Courtesy A. Pastor-Gutierrez

Phase structure of many-flavour QCD

see plenary talk F. Rennecke (Monday)

Casimirs Dynkin index

https://indico.cern.ch/event/1293041/contributions/5948779/attachments/2912403/5110153/Confinement2024_Rennecke.pdf


Phase structure of many flavour QCD

<latexit sha1_base64="r4zcGeewPk/nM7abmL6RA6pJubs="></latexit>

�g = � g3

(4⇡)2

✓
11

3
CA � 4

3
TFNf

◆
� g5

(4⇡)4

✓
34

3
CA � 4CFTFNf � 20

3
CATFNf

◆
+ · · ·Two-loop beta-function

Semi-perturbative  
IR beta functions

Perturbative  
IR beta functions

fRG schemes converge ‘easily’

Non-perturbative infrared  
chiral dynamics & confinement

Many-flavour QCD with the functional RG

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

Courtesy A. Pastor-Gutierrez

Phase structure of many-flavour QCD

see plenary talk F. Rennecke (Monday)

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

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

Casimirs Dynkin index

https://indico.cern.ch/event/1293041/contributions/5948779/attachments/2912403/5110153/Confinement2024_Rennecke.pdf


6

Phase structure of many flavour QCD

Semi-perturbative  
IR beta functions

Perturbative  
IR beta functions

fRG schemes converge ‘easily’

Non-perturbative infrared  
chiral dynamics & confinement

Many-flavour QCD with the functional RG

Critical flavour number 

fRG

lattice

<latexit sha1_base64="h5cISxh0p7TwDRENPToXW1Fs5Ow=">AAACEXicbVA9SwNBEN2LXzF+RS1tFoOQQsJdCGoZsLGSCEaFJIS9zVyyZPfu2J0Tw5G/YONfsbFQxNbOzn/jJh6iiQ8GHu/NMDPPj6Uw6LqfTm5hcWl5Jb9aWFvf2Nwqbu9cmSjRHJo8kpG+8ZkBKUJookAJN7EGpnwJ1/7wdOJf34I2IgovcRRDR7F+KALBGVqpWyx7bluCMUYoet5N2wh3qFUaHHI9HtMfy6t2iyW34k5B54mXkRLJ0OgWP9q9iCcKQuSSGdPy3Bg7KdMouIRxoZ0YiBkfsj60LA2ZAtNJpx+N6YFVejSItK0Q6VT9PZEyZcxI+bZTMRyYWW8i/ue1EgxOOqkI4wQh5N+LgkRSjOgkHtoTGjjKkSWMa2FvpXzANONoQyzYELzZl+fJVbXiHVVqF7VSvZbFkSd7ZJ+UiUeOSZ2ckQZpEk7uySN5Ji/Og/PkvDpv3605J5vZJX/gvH8BAKKdFg==</latexit>

10 . Nf,cr . 12

<latexit sha1_base64="al0Ut1oXLdZq+ZGqm5c5ZtmEe/8=">AAACEHicbVDLSgNBEJz1bXxFPXoZDKIHCbsafNwEL54kgomB7BJmJ71xcGZ3mekVw5JP8OKvePGgiFeP3vwbJw9EowUNRVU33V1hKoVB1/10Jianpmdm5+YLC4tLyyvF1bW6STLNocYTmehGyAxIEUMNBUpopBqYCiVchTenff/qFrQRSXyJ3RQCxTqxiARnaKVWcfvYl2CMEYqet3If4Q61yqNdrns9+m15+61iyS27A9C/xBuREhmh2ip++O2EZwpi5JIZ0/TcFIOcaRRcQq/gZwZSxm9YB5qWxkyBCfLBQz26ZZU2jRJtK0Y6UH9O5EwZ01Wh7VQMr8241xf/85oZRkdBLuI0Q4j5cFGUSYoJ7adD20IDR9m1hHEt7K2UXzPNONoMCzYEb/zlv6S+V/YOypWLSumkMopjjmyQTbJDPHJITsgZqZIa4eSePJJn8uI8OE/Oq/M2bJ1wRjPr5Bec9y+aB5zl</latexit>

9 . Nf,cr . 13

e.g. 
fRG:             Gies, Jäckel ’05, Braun, Gies ’05, 06 
Conformal expansion: Lee, 103 (2021) 7, 076006

Recent works, e.g.                                
                         Kotov, Lombardo, Trunin, Symmetry 13 (2021) 10, 1833 
                     Kuti, Fodor, Holland, Wong, PoS LATTICE2021 (2022) 321 
Hasenfratz, Neil, Shamir, Svetitsky, Witzel, PRD 108 (2023) 7, L071503



6

Phase structure of many flavour QCD

Semi-perturbative  
IR beta functions

Perturbative  
IR beta functions

fRG schemes converge ‘easily’

Non-perturbative infrared  
chiral dynamics & confinement

Many-flavour QCD with the functional RG

Critical flavour number 

fRG

lattice

<latexit sha1_base64="h5cISxh0p7TwDRENPToXW1Fs5Ow=">AAACEXicbVA9SwNBEN2LXzF+RS1tFoOQQsJdCGoZsLGSCEaFJIS9zVyyZPfu2J0Tw5G/YONfsbFQxNbOzn/jJh6iiQ8GHu/NMDPPj6Uw6LqfTm5hcWl5Jb9aWFvf2Nwqbu9cmSjRHJo8kpG+8ZkBKUJookAJN7EGpnwJ1/7wdOJf34I2IgovcRRDR7F+KALBGVqpWyx7bluCMUYoet5N2wh3qFUaHHI9HtMfy6t2iyW34k5B54mXkRLJ0OgWP9q9iCcKQuSSGdPy3Bg7KdMouIRxoZ0YiBkfsj60LA2ZAtNJpx+N6YFVejSItK0Q6VT9PZEyZcxI+bZTMRyYWW8i/ue1EgxOOqkI4wQh5N+LgkRSjOgkHtoTGjjKkSWMa2FvpXzANONoQyzYELzZl+fJVbXiHVVqF7VSvZbFkSd7ZJ+UiUeOSZ2ckQZpEk7uySN5Ji/Og/PkvDpv3605J5vZJX/gvH8BAKKdFg==</latexit>

10 . Nf,cr . 12

<latexit sha1_base64="al0Ut1oXLdZq+ZGqm5c5ZtmEe/8=">AAACEHicbVDLSgNBEJz1bXxFPXoZDKIHCbsafNwEL54kgomB7BJmJ71xcGZ3mekVw5JP8OKvePGgiFeP3vwbJw9EowUNRVU33V1hKoVB1/10Jianpmdm5+YLC4tLyyvF1bW6STLNocYTmehGyAxIEUMNBUpopBqYCiVchTenff/qFrQRSXyJ3RQCxTqxiARnaKVWcfvYl2CMEYqet3If4Q61yqNdrns9+m15+61iyS27A9C/xBuREhmh2ip++O2EZwpi5JIZ0/TcFIOcaRRcQq/gZwZSxm9YB5qWxkyBCfLBQz26ZZU2jRJtK0Y6UH9O5EwZ01Wh7VQMr8241xf/85oZRkdBLuI0Q4j5cFGUSYoJ7adD20IDR9m1hHEt7K2UXzPNONoMCzYEb/zlv6S+V/YOypWLSumkMopjjmyQTbJDPHJITsgZqZIa4eSePJJn8uI8OE/Oq/M2bJ1wRjPr5Bec9y+aB5zl</latexit>

9 . Nf,cr . 13

e.g. 
fRG:             Gies, Jäckel ’05, Braun, Gies ’05, 06 
Conformal expansion: Lee, 103 (2021) 7, 076006

Recent works, e.g.                                
                         Kotov, Lombardo, Trunin, Symmetry 13 (2021) 10, 1833 
                     Kuti, Fodor, Holland, Wong, PoS LATTICE2021 (2022) 321 
Hasenfratz, Neil, Shamir, Svetitsky, Witzel, PRD 108 (2023) 7, L071503

Braun, Gies, Fischer, PRD 84 (2011) 034045

Scaling: Miransky & beyond

LQCD (2 flavor) (Philipsen & Pinke, 2016)

LQCD (2+1, chiral limit) (Ding et al., 2019)
LQCD (2+1, chiral limit) (Kotov et al., 2021)
fRG & DSE (2+1, chiral limit) (fQCD, 2020)

 0

 50

 100

 150

 200

 2  4  6  8  10  12

T χ [MeV]

N f

FRG (Braun et al., 2006)
FRG (Braun et al., 2011)

LQCD (2+1 flavor) (Bazavov et al., 2014)

<latexit sha1_base64="f0WW9VHKFeMpf1g2lwPemqm5iZ0=">AAACH3icbVC7TsMwFHUKlBJeLYwsERUSU5UgVBgrWBiLoA+piSrHuW2t2k6wHVAV5RNYYeZr2BBr/wb3MUDLkSwdnXOvzvUJE0aVdt2pVdjY3Cpul3bs3b39g8Ny5ait4lQSaJGYxbIbYgWMCmhpqhl0EwmYhww64fh25neeQSoai0c9SSDgeCjogBKsjfTA+0/9ctWtuXM468RbkipaotmvWEU/iknKQWjCsFI9z010kGGpKWGQ236qIMFkjIfQM1RgDirI5rfmzplRImcQS/OEdubq740Mc6UmPDSTHOuRWvVm4r+eMqeMIFqJ14PrIKMiSTUIskgfpMzRsTNrw4moBKLZxBBMJDUfcMgIS0y06cy2fQEvJOYciyjzqakuz/xZsuQZzXPTnLfa0zppX9S8eq1+f1lt3Cw7LKETdIrOkYeuUAPdoSZqIYKG6BW9oXfrw/q0vqzvxWjBWu4coz+wpj9vTqM5</latexit>mq

General phase structure

Recent works, e.g.  
Bersini, D'Alise, Sannino, PRD 109 (2024), 125015 
        Cuteri, Philipsen, Sciarra, JHEP 11 (2021) 141



Flow °[©] =
1

2
© 2

2
© 2

2
© 1

2

<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>

+
1

2

! "#$ S"#$ !
k

k=%

k

"#$

k 0

IR UV

k- k&

free energy at momentum scale 

        Dupuis et al, Phys.Rept. 910 (2021) 1-114 
 Fu, Commun.Theor.Phys. 74 (2022) 9, 097304

ab initio

Functional flows for QCD

@t�k[�] =

free energy/ 
grand potential 

          glue 
quantum fluctuations

           quark  
quantum fluctuations

RG-scale k: t = ln k

functional RG:

hadrons quarks & gluons

      hadronic  
quantum fluctuations

<latexit sha1_base64="vSR5c57R3q3D8Cp1jMx48yv/SxE="></latexit>

@t�k[�]

<latexit sha1_base64="yzWiWPYYlHb7Fr1wQha8dIT5s7U="></latexit>

� = (Aµ, c, c̄, q, q̄)

7



<latexit sha1_base64="pfO6aBa3qt7te7zDowJqeeMrwe8="></latexit>

� = (Aµ, c, c̄, q, q̄,�)

Flow °[©] =
1

2
© 2

2
© 2

2
© 1

2

<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>

+
1

2

! "#$ S"#$ !
k

k=%

k

"#$

k 0

IR UV

k- k&

free energy at momentum scale 

        Dupuis et al, Phys.Rept. 910 (2021) 1-114 
 Fu, Commun.Theor.Phys. 74 (2022) 9, 097304

ab initio

Functional flows for QCD

@t�k[�] =

free energy/ 
grand potential 

          glue 
quantum fluctuations

           quark  
quantum fluctuations

RG-scale k: t = ln k

functional RG:

hadrons quarks & gluons

      hadronic  
quantum fluctuations

fRG approach with emergent composites/dynamical hadronisation

@tR =√
@t + 2

±©̇

±©

!
R =

°(n) =

n

G =

<latexit sha1_base64="u82Y1/q41C/UcwSgOnRqQJPb7GE="></latexit>✓
@t +

Z

x
�̇

�

��

◆
�k[�]

<latexit sha1_base64="yZsn0+lTi1ljBL/zicjfK30tf2s=">AAACIXicbVBNSwMxFMxWrbV+tXr0EiyCp7IrUj0WvXis4LaFbinZ7GsbmmSXJKuUZX+DVz37a7yJN/HPmH4ctHUgMMy8x7xMmHCmjet+OYWNza3idmmnvLu3f3BYqR61dZwqCj6Neay6IdHAmQTfMMOhmyggIuTQCSe3M7/zCEqzWD6YaQJ9QUaSDRklxkp+kIwZHlRqbt2dA68Tb0lqaInWoOoUgyimqQBpKCda9zw3Mf2MKMMoh7wcpBoSQidkBD1LJRGg+9n82hyfWSXCw1jZJw2eq783MiK0norQTgpixnrVm4n/etqeMoZoJd4Mr/sZk0lqQNJF+jDl2MR41geOmAJq+NQSQhWzH8B0TBShxrZWLgcSnmgsBJFRFjBbXp4Fs2QlMpbntjlvtad10r6oe4164/6y1rxZdlhCJ+gUnSMPXaEmukMt5COKGHpGL+jVeXPenQ/nczFacJY7x+gPnO8fmNmjzQ==</latexit>

� hadronic composites7



Flow =
2

2
© 1

2
© 4

2

© 4

2
© 2

2

Flow =
2

2
© 1

2
© 4

2

© 4

2
© 2

2

Getting started: the gluon propagator

      Cyrol, Fister, Mitter, JMP, Strodthoff, PRD 94 (2016) 054005 

<latexit sha1_base64="eedhdGM+5WT5K3b056m/gbKQdcE="></latexit>

p2
hA

(�
p)
A
(p
)i

                  Yang-Mills 

This work: Florian Goertz, Álvaro Pastor-Gutiérrez, JMP, in preparation

Two flavours (chiral fRG) & physical pion mass (lattice/fRG)

fRG:    Cyrol, Mitter, JMP, Strodthoff, PRD 97 (2018) 054006 
                      Ihssen, JMP, Sattler, Wink, arXiv: 2408.08413 

Lattice:                  Sternbeck et al, PoS LATTICE2016 (2017)

       Physical 2+1 (lattice/fRG/DSE) & 3 chiral (fRG) flavours 

0.1 1 10 100
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

0.1 1 10 100
0.0

0.5

1.0

1.5

2.0

2.5

3.0

fRG/DSE:      Ihssen, JMP, Sattler, Wink, arXiv: 2408.08413 
               Gao, Papavassiliou, JMP, PRD 103 (2021) 094013 
Lattice:       Zafeiropoulos et al, PRL 122 (2019) 16, 162002 
                                         Cui et al, CPC 44 (2020) 8, 083102 

8



Flow =
2

2
© 1

2
© 4

2

© 4

2
© 2

2

Flow =
2

2
© 1

2
© 4

2

© 4

2
© 2

2

Getting started: the gluon propagator

      Cyrol, Fister, Mitter, JMP, Strodthoff, PRD 94 (2016) 054005 

<latexit sha1_base64="eedhdGM+5WT5K3b056m/gbKQdcE="></latexit>

p2
hA

(�
p)
A
(p
)i

                  Yang-Mills 

This work: Florian Goertz, Álvaro Pastor-Gutiérrez, JMP, in preparation

Two flavours (chiral fRG) & physical pion mass (lattice/fRG)

fRG:    Cyrol, Mitter, JMP, Strodthoff, PRD 97 (2018) 054006 
                      Ihssen, JMP, Sattler, Wink, arXiv: 2408.08413 

Lattice:                  Sternbeck et al, PoS LATTICE2016 (2017)

       Physical 2+1 (lattice/fRG/DSE) & 3 chiral (fRG) flavours 

0.1 1 10 100
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

0.1 1 10 100
0.0

0.5

1.0

1.5

2.0

2.5

3.0

fRG/DSE:      Ihssen, JMP, Sattler, Wink, arXiv: 2408.08413 
               Gao, Papavassiliou, JMP, PRD 103 (2021) 094013 
Lattice:       Zafeiropoulos et al, PRL 122 (2019) 16, 162002 
                                         Cui et al, CPC 44 (2020) 8, 083102 

Gluon mass gap
Gluon mass gap

Gluon mass gap

8



Braun, Gies, JMP, PLB 684 (2010) 262

Fister, JMP, PRD 88 (2013) 045010

FRG: 

FRG, DSE, 2PI:

L[A0] =
1

Nc
trPei g

R �
0 A0(x)

Flow °[©] =
1

2
© 2

2
© 2

2
© 1

2

<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>

+
1

2
@t�k[�] =

free energy/ 
grand potential 

          glue 
quantum fluctuations

           quark  
quantum fluctuations

      hadronic  
quantum fluctuations

Confinement in Landau gauge QCD Gluon mass gap confining

9



Braun, Gies, JMP, PLB 684 (2010) 262

Fister, JMP, PRD 88 (2013) 045010

FRG: 

FRG, DSE, 2PI:

L[A0] =
1

Nc
trPei g

R �
0 A0(x)

Flow °[©] =
1

2
© 2

2
© 2

2
© 1

2

<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>

+
1

2
@t�k[�] =

free energy/ 
grand potential 

          glue 
quantum fluctuations

           quark  
quantum fluctuations

      hadronic  
quantum fluctuations

Confinement in Landau gauge QCD

0.90 0.95 1.00 1.05 1.10 1.15 1.20 1.25

0.0

0.2

0.4

0.6

0.8

1.0

T/Tc

Polyakov loop

SU(3)

�gA0

2⇥

-0.5
-0.4
-0.3
-0.2
-0.1

 0
 0.1
 0.2
 0.3
 0.4

 0  0.2  0.4  0.6  0.8  1

!4  V
(!

 <
"

0>
)

! <A0>/(2#)

0.3 0.5 0.7

276 MeV

295 MeV

286 MeV

280 MeV

276 MeV

271 MeV

�4 VYM[A0]

Polyakov loop Potential

Polyakov loop Potential: 

Pei g
R �
0 A0(x) = ei'

L(h'i)

<latexit sha1_base64="6DiXsL4BsACMx2Dg5eaKjxhHLw8="></latexit>

VYM[A0]

      Cyrol, Fister, Mitter, JMP, Strodthoff, PRD 94 (2016) 054005 

deconf conf

deconf

Gluon mass gap confining

9



Braun, Gies, JMP, PLB 684 (2010) 262

Fister, JMP, PRD 88 (2013) 045010

FRG: 

FRG, DSE, 2PI:

L[A0] =
1

Nc
trPei g

R �
0 A0(x)

FRG= �

�

Herbst, Luecker, JMP, arXiv:1510.03830

 0

 0.2

 0.4

 0.6

 0.8

 1

 1.2

 1  2  3  4  5  6  7

T/Tc

Kaczmarek et al. ’02

Gupta et al. ’08
<L>lat

 0

 1

 1  5  10  15  20  25

FRG= �

Flow °[©] =
1

2
© 2

2
© 2

2
© 1

2

<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>

+
1

2
@t�k[�] =

free energy/ 
grand potential 

          glue 
quantum fluctuations

           quark  
quantum fluctuations

      hadronic  
quantum fluctuations

Confinement in Landau gauge QCD

0.90 0.95 1.00 1.05 1.10 1.15 1.20 1.25

0.0

0.2

0.4

0.6

0.8

1.0

T/Tc

Polyakov loop

SU(3)

�gA0

2⇥

-0.5
-0.4
-0.3
-0.2
-0.1

 0
 0.1
 0.2
 0.3
 0.4

 0  0.2  0.4  0.6  0.8  1

!4  V
(!

 <
"

0>
)

! <A0>/(2#)

0.3 0.5 0.7

276 MeV

295 MeV

286 MeV

280 MeV

276 MeV

271 MeV

�4 VYM[A0]

Polyakov loop Potential

Polyakov loop Potential: 

Pei g
R �
0 A0(x) = ei'

L(h'i)

<latexit sha1_base64="6DiXsL4BsACMx2Dg5eaKjxhHLw8="></latexit>

VYM[A0]

deconf conf

Gluon mass gap confining

9



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

<latexit sha1_base64="qGAcx1sud5UNdVs1dgwoP9n1F6c="></latexit>

� = k2⇥

<latexit sha1_base64="1vD3QM47WKVHwqWIf9oYFzb9+sA="></latexit>����
s�ps

Chiral symmetry breaking

λ

∂tλ

α > αcr

α = αcr

α = 0

α = 0, T > 0

Chiral symmetry breaking in a nutshell

10

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

<latexit sha1_base64="Icl9h37PM7loiALBq+d+X0+p57g=">AAACJnicbVDLSsNAFJ3UV42vVpdugkVwVRKR6koKblxWsA9sSplMbtqhM5MwM1FKyF+41bVf407EnZ/ipO1CWw8MHM59nDsnSBhV2nW/rNLa+sbmVnnb3tnd2z+oVA87Kk4lgTaJWSx7AVbAqIC2pppBL5GAecCgG0xuinr3EaSisbjX0wQGHI8EjSjB2kgPfoKlppgN9bBSc+vuDM4q8RakhhZoDavWph/GJOUgNGFYqb7nJnqQFQsJg9z2UwUJJhM8gr6hAnNQg2x2cu6cGiV0oliaJ7QzU39PZJgrNeWB6eRYj9VyrRD/rSlzyhjCJXsdXQ0yKpJUgyBz9yhljo6dIhQnpBKIZlNDMJHUfMAhYywx0SY62/YFPJGYcyzCzKcmwTzzC2fJM5rnJjlvOadV0jmve4164+6i1rxeZFhGx+gEnSEPXaImukUt1EYECfSMXtCr9Wa9Wx/W57y1ZC1mjtAfWN8/daimWg==</latexit>

@t

<latexit sha1_base64="04Ulizfwi/PtVJ7wU/aJG0VQQVI=">AAACJXicbVDLSsNAFJ1UrbW+Wl26CRbBVUlEqsuiG5cV7EOaUCaTm3bozCTOTJQS8hVude3XuBPBlb/i9LHQ1gMDh3Pu5dw5QcKo0o7zZRXW1jeKm6Wt8vbO7t5+pXrQUXEqCbRJzGLZC7ACRgW0NdUMeokEzAMG3WB8PfW7jyAVjcWdniTgczwUNKIEayPde8yMhnjwMKjUnLozg71K3AWpoQVag6pV9MKYpByEJgwr1XedRPsZlpoSBnnZSxUkmIzxEPqGCsxB+dns4tw+MUpoR7E0T2h7pv7eyDBXasIDM8mxHqllbyr+6ylzygjCpXgdXfoZFUmqQZB5epQyW8f2tBM7pBKIZhNDMJHUfMAmIywx0aa5ctkT8ERizrEIM4+aAvPMmyZLntE8N825yz2tks5Z3W3UG7fntebVosMSOkLH6BS56AI10Q1qoTYiiKNn9IJerTfr3fqwPuejBWuxc4j+wPr+AVcMpcU=</latexit>

�q



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

<latexit sha1_base64="qGAcx1sud5UNdVs1dgwoP9n1F6c="></latexit>

� = k2⇥

<latexit sha1_base64="1vD3QM47WKVHwqWIf9oYFzb9+sA="></latexit>����
s�ps

Chiral symmetry breaking

λ

∂tλ

α > αcr

α = αcr

α = 0

α = 0, T > 0

Chiral symmetry breaking in a nutshell

10

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

<latexit sha1_base64="Icl9h37PM7loiALBq+d+X0+p57g=">AAACJnicbVDLSsNAFJ3UV42vVpdugkVwVRKR6koKblxWsA9sSplMbtqhM5MwM1FKyF+41bVf407EnZ/ipO1CWw8MHM59nDsnSBhV2nW/rNLa+sbmVnnb3tnd2z+oVA87Kk4lgTaJWSx7AVbAqIC2pppBL5GAecCgG0xuinr3EaSisbjX0wQGHI8EjSjB2kgPfoKlppgN9bBSc+vuDM4q8RakhhZoDavWph/GJOUgNGFYqb7nJnqQFQsJg9z2UwUJJhM8gr6hAnNQg2x2cu6cGiV0oliaJ7QzU39PZJgrNeWB6eRYj9VyrRD/rSlzyhjCJXsdXQ0yKpJUgyBz9yhljo6dIhQnpBKIZlNDMJHUfMAhYywx0SY62/YFPJGYcyzCzKcmwTzzC2fJM5rnJjlvOadV0jmve4164+6i1rxeZFhGx+gEnSEPXaImukUt1EYECfSMXtCr9Wa9Wx/W57y1ZC1mjtAfWN8/daimWg==</latexit>

@t

Beta-function of dimensionless scalar-pseudoscalar coupling
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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 � C(k,Mq,Mgap)↵
2
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Chiral symmetry breaking in a nutshell

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 ®
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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
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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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