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<latexit sha1_base64="IAuafc7g5H1WyPUn38dFW7IsGEY="></latexit>
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4
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a
µ⌫ + Lgf + Lgh +  ̄ /D <latexit sha1_base64="AJG0sZnErcZveysCxHygxEX47oE="></latexit>

SU(Nf )L ⇥ SU(Nf )R

<latexit sha1_base64="ZA+CyjVHgm9yGdce3f7XumoHUpk=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9kVqR6LXjxJRbcttEvJptk2NMmuSbZQlv4OLx4U8eqP8ea/Mf04aOuDgcd7M8zMCxPOtHHdb2dldW19YzO3ld/e2d3bLxwc1nWcKkJ9EvNYNUOsKWeS+oYZTpuJoliEnDbCwc3Ebwyp0iyWj2aU0EDgnmQRI9hYKcjaSqAHf1y665CzTqHolt0p0DLx5qQIc9Q6ha92NyapoNIQjrVueW5iggwrwwin43w71TTBZIB7tGWpxILqIJsePUanVumiKFa2pEFT9fdEhoXWIxHaToFNXy96E/E/r5Wa6CrImExSQyWZLYpSjkyMJgmgLlOUGD6yBBPF7K2I9LHCxNic8jYEb/HlZVI/L3uVcuX+oli9nseRg2M4gRJ4cAlVuIUa+EDgCZ7hFd6cofPivDsfs9YVZz5zBH/gfP4Ap2eRYw==</latexit>
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Gauge-fermion QFTs

2

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

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

fund

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

S =

Z

x
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4
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µ⌫ + Lgf + Lgh +  ̄ /D 

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

AF lost

• Asymptotic freedom 

• Few flavours: QCD-like theories

<latexit sha1_base64="Aw/Z1TFckBIJxeK/McDDJXL6l88="></latexit>
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<latexit sha1_base64="gYhswLMnIi9qCxVMxQpFU0dXId8="></latexit>

Nf <
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CA

TF

<latexit sha1_base64="AgI8M090skmxn3wYC/0tTMOwAbQ="></latexit>

E

<latexit sha1_base64="llZ2boAWpRdGmSGpwNpzOoMpI+M="></latexit>g
Gross,Wilczek ’73 

Politzer ‘73

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

SU(Nf )L ⇥ SU(Nf )R

<latexit sha1_base64="ZA+CyjVHgm9yGdce3f7XumoHUpk=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9kVqR6LXjxJRbcttEvJptk2NMmuSbZQlv4OLx4U8eqP8ea/Mf04aOuDgcd7M8zMCxPOtHHdb2dldW19YzO3ld/e2d3bLxwc1nWcKkJ9EvNYNUOsKWeS+oYZTpuJoliEnDbCwc3Ebwyp0iyWj2aU0EDgnmQRI9hYKcjaSqAHf1y665CzTqHolt0p0DLx5qQIc9Q6ha92NyapoNIQjrVueW5iggwrwwin43w71TTBZIB7tGWpxILqIJsePUanVumiKFa2pEFT9fdEhoXWIxHaToFNXy96E/E/r5Wa6CrImExSQyWZLYpSjkyMJgmgLlOUGD6yBBPF7K2I9LHCxNic8jYEb/HlZVI/L3uVcuX+oli9nseRg2M4gRJ4cAlVuIUa+EDgCZ7hFd6cofPivDsfs9YVZz5zBH/gfP4Ap2eRYw==</latexit>

SU(Nc)



 Álvaro Pastor Gutiérrez /14

Gauge-fermion QFTs

2

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

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

fund

<latexit sha1_base64="6Oqmky8BYatJ5YThC8OoJkxlNZc="></latexit>

�g = � g3

(4⇡)2

✓
11

3
CA � 4

3
TFNf

◆
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(4⇡)4

✓
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3
CA � 4CFTFNf � 20

3
CATFNf

◆
+ · · ·

• CBZ IR fixed point (perturbative) 

Caswell ’74 
Banks, Zaks ‘82
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<latexit sha1_base64="y5qJlYQpeSvw0UR7tTvtNibW5ds=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMgHsKuSPQY9OIxgnlgsobeySQZMju7zMwKYclfePGgiFf/xpt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0lirI6jUSkWgFqJrhkdcONYK1YMQwDwZrB6GbqN5+Y0jyS92YcMz/EgeR9TtFY6aGDIh5id/B41i2W3LI7A1kmXkZKkKHWLX51ehFNQiYNFah123Nj46eoDKeCTQqdRLMY6QgHrG2pxJBpP51dPCEnVumRfqRsSUNm6u+JFEOtx2FgO0M0Q73oTcX/vHZi+ld+ymWcGCbpfFE/EcREZPo+6XHFqBFjS5Aqbm8ldIgKqbEhFWwI3uLLy6RxXvYq5crdRal6ncWRhyM4hlPw4BKqcAs1qAMFCc/wCm+Odl6cd+dj3ppzsplD+APn8wcpDZCZ</latexit>

↵⇤
g

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

<latexit sha1_base64="PwguEfk51AzqERxq81kl1W2wWZw=">AAACBXicbVDJSgNBEO2JW4xb1KMeBoMgHsKMSPQiBL14jGAWyMShp1MzadKz0F0jhDEXL/6KFw+KePUfvPk3dpaDJj4oeLxXRVU9LxFcoWV9G7mFxaXllfxqYW19Y3OruL3TUHEqGdRZLGLZ8qgCwSOoI0cBrUQCDT0BTa9/NfKb9yAVj6NbHCTQCWkQcZ8zilpyi/uOAB/LjgdI3cCRPOjhg5sFd8fDC8stlqyyNYY5T+wpKZEpam7xy+nGLA0hQiaoUm3bSrCTUYmcCRgWnFRBQlmfBtDWNKIhqE42/mJoHmqla/qx1BWhOVZ/T2Q0VGoQerozpNhTs95I/M9rp+ifdzIeJSlCxCaL/FSYGJujSMwul8BQDDShTHJ9q8l6VFKGOriCDsGefXmeNE7KdqVcuTktVS+nceTJHjkgR8QmZ6RKrkmN1Akjj+SZvJI348l4Md6Nj0lrzpjO7JI/MD5/ADxAmGo=</latexit>

ωg|g→ = 0

Quantum scale invariance 
& conformality

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

S =

Z

x

1

4
F a
µ⌫F

a
µ⌫ + Lgf + Lgh +  ̄ /D 

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

AF lost

• Asymptotic freedom 

• Few flavours: QCD-like theories

<latexit sha1_base64="Aw/Z1TFckBIJxeK/McDDJXL6l88="></latexit>

�g = � g3

(4⇡)2

✓
11

3
CA � 4

3
TFNf

◆

<latexit sha1_base64="gYhswLMnIi9qCxVMxQpFU0dXId8="></latexit>

Nf <
11

4

CA

TF

<latexit sha1_base64="AgI8M090skmxn3wYC/0tTMOwAbQ="></latexit>

E

<latexit sha1_base64="llZ2boAWpRdGmSGpwNpzOoMpI+M="></latexit>g
Gross,Wilczek ’73 

Politzer ‘73

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

SU(Nf )L ⇥ SU(Nf )R

<latexit sha1_base64="ZA+CyjVHgm9yGdce3f7XumoHUpk=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9kVqR6LXjxJRbcttEvJptk2NMmuSbZQlv4OLx4U8eqP8ea/Mf04aOuDgcd7M8zMCxPOtHHdb2dldW19YzO3ld/e2d3bLxwc1nWcKkJ9EvNYNUOsKWeS+oYZTpuJoliEnDbCwc3Ebwyp0iyWj2aU0EDgnmQRI9hYKcjaSqAHf1y665CzTqHolt0p0DLx5qQIc9Q6ha92NyapoNIQjrVueW5iggwrwwin43w71TTBZIB7tGWpxILqIJsePUanVumiKFa2pEFT9fdEhoXWIxHaToFNXy96E/E/r5Wa6CrImExSQyWZLYpSjkyMJgmgLlOUGD6yBBPF7K2I9LHCxNic8jYEb/HlZVI/L3uVcuX+oli9nseRg2M4gRJ4cAlVuIUa+EDgCZ7hFd6cofPivDsfs9YVZz5zBH/gfP4Ap2eRYw==</latexit>

SU(Nc)
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Gauge-fermion QFTs

2

?

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

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

fund

<latexit sha1_base64="6Oqmky8BYatJ5YThC8OoJkxlNZc="></latexit>

�g = � g3

(4⇡)2

✓
11

3
CA � 4

3
TFNf

◆
� g5

(4⇡)4

✓
34

3
CA � 4CFTFNf � 20

3
CATFNf

◆
+ · · ·

• CBZ IR fixed point (perturbative) 

Caswell ’74 
Banks, Zaks ‘82

10-30 10-20 10-10 10.0
0.1
0.2
0.3
0.4
0.5

<latexit sha1_base64="y5qJlYQpeSvw0UR7tTvtNibW5ds=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMgHsKuSPQY9OIxgnlgsobeySQZMju7zMwKYclfePGgiFf/xpt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0lirI6jUSkWgFqJrhkdcONYK1YMQwDwZrB6GbqN5+Y0jyS92YcMz/EgeR9TtFY6aGDIh5id/B41i2W3LI7A1kmXkZKkKHWLX51ehFNQiYNFah123Nj46eoDKeCTQqdRLMY6QgHrG2pxJBpP51dPCEnVumRfqRsSUNm6u+JFEOtx2FgO0M0Q73oTcX/vHZi+ld+ymWcGCbpfFE/EcREZPo+6XHFqBFjS5Aqbm8ldIgKqbEhFWwI3uLLy6RxXvYq5crdRal6ncWRhyM4hlPw4BKqcAs1qAMFCc/wCm+Odl6cd+dj3ppzsplD+APn8wcpDZCZ</latexit>

↵⇤
g

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

<latexit sha1_base64="PwguEfk51AzqERxq81kl1W2wWZw=">AAACBXicbVDJSgNBEO2JW4xb1KMeBoMgHsKMSPQiBL14jGAWyMShp1MzadKz0F0jhDEXL/6KFw+KePUfvPk3dpaDJj4oeLxXRVU9LxFcoWV9G7mFxaXllfxqYW19Y3OruL3TUHEqGdRZLGLZ8qgCwSOoI0cBrUQCDT0BTa9/NfKb9yAVj6NbHCTQCWkQcZ8zilpyi/uOAB/LjgdI3cCRPOjhg5sFd8fDC8stlqyyNYY5T+wpKZEpam7xy+nGLA0hQiaoUm3bSrCTUYmcCRgWnFRBQlmfBtDWNKIhqE42/mJoHmqla/qx1BWhOVZ/T2Q0VGoQerozpNhTs95I/M9rp+ifdzIeJSlCxCaL/FSYGJujSMwul8BQDDShTHJ9q8l6VFKGOriCDsGefXmeNE7KdqVcuTktVS+nceTJHjkgR8QmZ6RKrkmN1Akjj+SZvJI348l4Md6Nj0lrzpjO7JI/MD5/ADxAmGo=</latexit>

ωg|g→ = 0

Quantum scale invariance 
& conformality

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

S =

Z

x

1

4
F a
µ⌫F

a
µ⌫ + Lgf + Lgh +  ̄ /D 

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

AF lost

• Asymptotic freedom 

• Few flavours: QCD-like theories

<latexit sha1_base64="Aw/Z1TFckBIJxeK/McDDJXL6l88="></latexit>

�g = � g3

(4⇡)2

✓
11

3
CA � 4

3
TFNf

◆

<latexit sha1_base64="gYhswLMnIi9qCxVMxQpFU0dXId8="></latexit>

Nf <
11

4

CA

TF

<latexit sha1_base64="AgI8M090skmxn3wYC/0tTMOwAbQ="></latexit>

E

<latexit sha1_base64="llZ2boAWpRdGmSGpwNpzOoMpI+M="></latexit>g
Gross,Wilczek ’73 

Politzer ‘73

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

SU(Nf )L ⇥ SU(Nf )R

<latexit sha1_base64="ZA+CyjVHgm9yGdce3f7XumoHUpk=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9kVqR6LXjxJRbcttEvJptk2NMmuSbZQlv4OLx4U8eqP8ea/Mf04aOuDgcd7M8zMCxPOtHHdb2dldW19YzO3ld/e2d3bLxwc1nWcKkJ9EvNYNUOsKWeS+oYZTpuJoliEnDbCwc3Ebwyp0iyWj2aU0EDgnmQRI9hYKcjaSqAHf1y665CzTqHolt0p0DLx5qQIc9Q6ha92NyapoNIQjrVueW5iggwrwwin43w71TTBZIB7tGWpxILqIJsePUanVumiKFa2pEFT9fdEhoXWIxHaToFNXy96E/E/r5Wa6CrImExSQyWZLYpSjkyMJgmgLlOUGD6yBBPF7K2I9LHCxNic8jYEb/HlZVI/L3uVcuX+oli9nseRg2M4gRJ4cAlVuIUa+EDgCZ7hFd6cofPivDsfs9YVZz5zBH/gfP4Ap2eRYw==</latexit>

SU(Nc)
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Answer to fundamental problems & puzzles in nature: 

• Strong dark sectors: Dark Matter, … 

• Composite Higgs and Technicolour models 

‣ Natural separation of scales (walking regimes) 

… 

Observational prospects: 

• Cosmological phase transitions (chiral & confining) and GW signatures

Strong beyond the SM

3

 open the door to new non-perturbative new 
physics and dynamics beyond QCD-limit!

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 ?

uncharted territory
<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

Reichert,Sannino,Wang,Zhang[2109.11552] 
Pashechnik,Reichert,Sannino,Wang[2309.16755] 

Iso,Okada,Orikasa[0902.4050] 
Iso,D.Serpico,Shimada[1704.04955] 

…

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

S =

Z

x

1

4
F a
µ⌫F

a
µ⌫ + Lgf + Lgh +  ̄ /D 

Origin of 
scales

Unification

…
Flavour 
puzzle

 Dark matter
Baryogenesis

-massesν
 Triviality

Higgs’ 
stability

Quantum
 gravity

Dietrich,Sannino[0611341] 
…
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Charting the landscape

1. Understand interplay of dynamics & their respective scales ⇝ phase structure 

2. Extract fundamental parameters ⇝ phenomenology 

3. Precisely determine the boundary between conformal & dynamical phases

4

Dynamics
d SBχ

confinement

conformality

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

S =

Z

x

1

4
F a
µ⌫F

a
µ⌫ + Lgf + Lgh +  ̄ /D 
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Charting the landscape

1. Understand interplay of dynamics & their respective scales ⇝ phase structure 

2. Extract fundamental parameters ⇝ phenomenology 

3. Precisely determine the boundary between conformal & dynamical phases

4

Dynamics
d SBχ

confinement

conformalityTailored-made task for the functional Renormalisation Group (fRG): 

• First principles non-perturbative approach  

• Quantitative  

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

• Chiral limit with no difficulties

<latexit sha1_base64="K10yJlF7ZUGBaNb1nZ4I5jJXV1Q=">AAACA3icbVDLSgMxFM34rPVVdaebYBFclRmR6rLoQpcV7ANmhuFOmrahSWZIMkIZCm78FTcuFHHrT7jzb0wfC209cOFwzr3JvSdOOdPGdb+dpeWV1bX1wkZxc2t7Z7e0t9/USaYIbZCEJ6odg6acSdowzHDaThUFEXPaigfXY7/1QJVmibw3w5SGAnqSdRkBY6WodBikoAwDHhkc3IAQEA2wH6R9FkalsltxJ8CLxJuRMpqhHpW+gk5CMkGlIRy09j03NWE+fp9wOioGmaYpkAH0qG+pBEF1mE9uGOETq3RwN1G2pMET9fdEDkLroYhtpwDT1/PeWPzP8zPTvQxzJtPMUEmmH3Uzjk2Cx4HgDlOUGD60BIhidldM+qCAGBtb0YbgzZ+8SJpnFa9aqd6dl2tXszgK6Agdo1PkoQtUQ7eojhqIoEf0jF7Rm/PkvDjvzse0dcmZzRygP3A+fwCEdZd0</latexit>

ωt!k[ε]

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

S =

Z

x

1

4
F a
µ⌫F

a
µ⌫ + Lgf + Lgh +  ̄ /D 
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• One loop exact 

• Non-perturbative 

• Mass-dependent 

• Analytic regulators 

• Versatile 

• Systematic schemes 

• UV-IR finite 

• Diagrammatic 

• Real-time formulation 

• … 

Functional Renormalisation Group

Wetterich ’93

Flow equation:
<latexit sha1_base64="Hs05UPIQlH6dAsnklhJfaYJxs4c="></latexit>

@t�k [�] =
1

2
Tr

"
1

�(2)
k +Rk

@tRk

#

<latexit sha1_base64="v41pw9TLWvPy1ujqA2Wcoi4zMWc="></latexit>

@t ⌘ k @k

✦ Effective average action:  

- Average action of fields over a   space-time volume  

- Kadanoff’s block-spinning idea generalised to the 

continuum limit

k−d

<latexit sha1_base64="Xl+N4nft3HdhQojmHZAgko9JWvU="></latexit>

�k[�] =

Z

x
J(x)�(x)�Wk[J ]��Sk[�]

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

�Sk[�] =

Z

p
�(p)Rk�(�p)

<latexit sha1_base64="xLs9ZcRlnZJppETJs223M02h6SE="></latexit>

k = ⇤

<latexit sha1_base64="2fX0CzIq5OVF6C047TgoJGnBEwU="></latexit>

k ! 0

<latexit sha1_base64="rWOzNnJWofsdTxJ/bepL+YKkO78="></latexit>

S[�]<latexit sha1_base64="4L3nnKeag4oCd6tTwahavJ/ngfc="></latexit>

�k[�]
<latexit sha1_base64="5JMu3PJeN5xXCLmJAumwLtdm9FI="></latexit>

�[�]

<latexit sha1_base64="8DfCqPNTlKyTc2fie25VXn9KFt4=">AAACB3icbZBPS8MwGMbT+W/Of1WPggSH4Gm0ItPj0IvHCdscrGWk2dstLE1Lkgqj7ObFr+LFgyJe/Qre/DZmXQ+6+ULIj+d5X5L3CRLOlHacb6u0srq2vlHerGxt7+zu2fsHHRWnkkKbxjyW3YAo4ExAWzPNoZtIIFHA4T4Y38z8+weQisWipScJ+BEZChYySrSR+vbx2FMswi2cXx4nYsgBJ9iTOfXtqlNz8sLL4BZQRUU1+/aXN4hpGoHQlBOleq6TaD8jUjPKYVrxUgUJoWMyhJ5BQSJQfpbvMcWnRhngMJbmCI1z9fdERiKlJlFgOiOiR2rRm4n/eb1Uh1d+xkSSahB0/lCYcqxjPAsFD5gEqvnEAKGSmb9iOiKSUG2iq5gQ3MWVl6FzXnPrtfrdRbVxXcRRRkfoBJ0hF12iBrpFTdRGFD2iZ/SK3qwn68V6tz7mrSWrmDlEf8r6/AG/dJif</latexit>

k ⇠ T ⇠ hpiIR cutoff scale:

Wetterich ’89

<latexit sha1_base64="yh+5G+hkg08TS3PxIoJMtURaTNA="></latexit>∫
[Dω]p>k =

∫
Dω exp(→!Sk[ω])

✦ Pedagogical introduction to fRG: Gies [0611146] Dupuis,et.al [2006.04853]

<latexit sha1_base64="Xl+N4nft3HdhQojmHZAgko9JWvU="></latexit>

�k[�] =

Z

x
J(x)�(x)�Wk[J ]��Sk[�]

✦ Review:
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Colour confinement and the gluon mass gap

6

✤ Absence of coloured asymptotic states 

✤ Massive spectrum of bound states (glueballs) 

✦ fRG gauge-fixed approach to confinement: 
Fischer,Maas,Pawlowski [0810.1987] Cyrol,Fister,Mitter,Pawlowski [1605.01856] 

- Gluon mass gap generated by quantum fluctuations 

- Bootstrap approach: uniquely defined confining solution via 
existence of a global BRST charge  

with 

✦ New: “easy” confinement  

- Semi-analytical 

- Facilitate study beyond QCD-limit

<latexit sha1_base64="o7eOofLTBOcRSc2IRdkF76wb4oo=">AAACEnicbVA7T8MwGHTKq5RXgJHFokJqlyqpUGGsYGEsEn2IJo0c122tOrFlO0hV1N/Awl9hYQAhViY2/g1u2gFaTrJ0vvs+2XehYFRpx/m2cmvrG5tb+e3Czu7e/oF9eNRSPJGYNDFnXHZCpAijMWlqqhnpCElQFDLSDsfXM7/9QKSiPL7TE0H8CA1jOqAYaSMFdtljNApS4WnuTOF9gEuiVy17QnKhOcwuPW+MhECBXXQqTga4StwFKYIFGoH95fU5TiISa8yQUl3XEdpPkdQUMzIteIkiAuExGpKuoTGKiPLTLNIUnhmlDwdcmhNrmKm/N1IUKTWJQjMZIT1Sy95M/M/rJnpw6ac0FokmMZ4/NEgYNGln/cA+lQRrNjEEYUnNXyEeIYmwNi0WTAnucuRV0qpW3FqldnterF8t6siDE3AKSsAFF6AObkADNAEGj+AZvII368l6sd6tj/lozlrsHIM/sD5/AMPZnOk=</latexit>

lim
p!0

Zc(p
2) / (p2)

<latexit sha1_base64="wUeknvK4YnOsAHJ/1qA4bC5xFA0=">AAACFnicbVBLTwIxGOziC/GFevTSSEzwANklBj2iXjxiIo/ILptuKdDQ3TZt14Rs+BVe/CtePGiMV+PNf2OBPSg4SZPpzPelnQkEo0rb9reVWVldW9/Ibua2tnd29/L7B03FY4lJA3PGZTtAijAakYammpG2kASFASOtYHQ99VsPRCrKozs9FsQL0SCifYqRNpKfL7mMhn4iXM3tCbz3L4uiWzl1heRCczi7dJNSxR0hIdDEzxfssj0DXCZOSgogRd3Pf7k9juOQRBozpFTHsYX2EiQ1xYxMcm6siEB4hAakY2iEQqK8ZBZrAk+M0oN9Ls2JNJypvzcSFCo1DgMzGSI9VIveVPzP68S6f+ElNBKxJhGeP9SPGTSJpx3BHpUEazY2BGFJzV8hHiKJsDZN5kwJzmLkZdKslJ1quXp7VqhdpXVkwRE4BkXggHNQAzegDhoAg0fwDF7Bm/VkvVjv1sd8NGOlO4fgD6zPH2QankY=</latexit>

lim
p!0

ZA(p
2) / (p2)�2

<latexit sha1_base64="vmgiZukhuR3UXM0+q7pY02bu+Tw="></latexit>

�(AA)
k (p2) = ZA,k(p)(p

2 +m2
gap,k) = ẐA,k(p) p

2

<latexit sha1_base64="hO4fl+AEmwgtIZPINw9g00760P0=">AAAB+nicbVDLSgMxFM34rPU11aWbYBFcDTOitcuiG5cV7APaoWTSTBuaZGKSUcrYT3HjQhG3fok7/8a0nYW2HrhwOOde7r0nkoxq4/vfzsrq2vrGZmGruL2zu7fvlg6aOkkVJg2csES1I6QJo4I0DDWMtKUiiEeMtKLR9dRvPRClaSLuzFiSkKOBoDHFyFip55a6IyQl6mrKyT30vYtqzy37nj8DXCZBTsogR73nfnX7CU45EQYzpHUn8KUJM6QMxYxMit1UE4nwCA1Ix1KBONFhNjt9Ak+s0odxomwJA2fq74kMca3HPLKdHJmhXvSm4n9eJzVxNcyokKkhAs8XxSmDJoHTHGCfKoING1uCsKL2VoiHSCFsbFpFG0Kw+PIyaZ55QcWr3J6Xa1d5HAVwBI7BKQjAJaiBG1AHDYDBI3gGr+DNeXJenHfnY9664uQzh+APnM8f/feTLw==</latexit>

ω → 0.58

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

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

Nc = 3

0.1 1 10 100
0.0
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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

Sternbeck, 
 et.al‘17

Zafeiropoulos, 
 et.al ‘19

Kugo, Ojima‘79

<latexit sha1_base64="qACAa3qXv/8wRct9EoJ2HirYnaQ=">AAACLHicbVDLSgMxFM3UV62vUZdugkVwVWZEqstiXbhw0UJf0Cklk2ba0CQzJBmhDPNBbvwVQVxYxK3fYdqZhbYeCJycc+9N7vEjRpV2nLlV2Njc2t4p7pb29g8Oj+zjk44KY4lJG4cslD0fKcKoIG1NNSO9SBLEfUa6/rS+8LtPRCoaipaeRWTA0VjQgGKkjTS069Nh4kkOcSiC1FOUQ54JYxRl99Zqgfdoxo9QJjfr9+nQLjsVZwm4TtyclEGOxtB+80YhjjkRGjOkVN91Ij1IkNQUM5KWvFiRCOEpGpO+oQJxogbJctkUXhhlBINQmiM0XKq/OxLElZpx31RypCdq1VuI/3n9WAe3g4SKKNZE4OyhIGZQh3CRHBxRSbBmM0MQltT8FeIJkghrk2/JhOCurrxOOlcVt1qpNq/Ltbs8jiI4A+fgErjgBtTAA2iANsDgGbyCDzC3Xqx369P6ykoLVt5zCv7A+v4B1xaokA==</latexit>

kconf ⇠ mgap ⇠ Tconf ⇠ ⇤QCD
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Dynamical chiral symmetry breaking

7

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

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

+

Gies, Wetterich ’01Stratonovich’57 Hubbard’59

Fukushima,Pawlowski,Strodthoff [2103.01129]

Pawlowski[hep-th/0512261]

0.1 1 10 100
0.0
0.2
0.4
0.6
0.8

0.01

10

104

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

!k[”] → ↑
∫

x
ω̄ω

(
ε̄ T(S→P)ε

)2
+ . . .

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

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

Nc = 3

Dynamical bosonisation and generalised flow equation

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

!k[”] →
∫

x
h̄ ω̄

(
T 0
f ε + iϑ5T

a
f ϖ

a
)
ω + Zω (ϱµς)

2 + V (ς2) + . . .
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Many flavour dynamics

8

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

kconf

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

k�SB

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

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

walking

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

kwalk
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Phases of gauge-fermion QFTs
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(i)

1 2 3 4 5 6 7 8 9 100.1

0.5
1

5
10

(iii)(ii)

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

Nc = 3

(i) : QCD-like 

• Criticality for : potential 

confinement without d SB

Nf ≲ 4
Nf ≲ 2

χ

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

■■
■■ ■■

0.0
0.2
0.4
0.6
0.8
1.0

1 2 3 4 5 6 7 8 90.0

0.1

0.2

0.3

0.4

★★

★★ ★★ ★★ ★★

1 2 3 4 5 6 7 8 9
0.01

0.05
0.10

0.50
1

(i) (ii) (iii)

(ii) : Locking 

• Very strong dynamics 
(qualitative) 

• No confinement without d SB 
• Evidence for new condensates

4 ≲ Nf ≲ 7.5

χ

(iii) : Walking 

• Non-NGB bound states heavier 
than glueballs 

• Size of walking regime from 
first-principles

7.5 ≲ Nf < Ncrit
f

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

-50

-40

-30

-20

-10

0
Conformal-dynamical phase transition

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

ln[kωSB/!UV] → const + 2.78 ln”N crit
f
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Precise determination of the conformal window
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: Critical strength of gauge dynamics necessary to trigger d SBχ
<latexit sha1_base64="3s5Ewcqcg7VO+/NdiqfY97SY28o=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6rLUjcuK9gFNDJPppBk6MwkzE6GEbN34K25cKOLWP3Dn35ikXWjrgQvnnnMvl3v8mFGlLevbqKysrq1vVDdrW9s7u3vm/kFPRYnEpIsjFsmBjxRhVJCuppqRQSwJ4j4jfX9yVfj9ByIVjcSdnsbE5WgsaEAx0rnkmdBBLA7RfepIDrGkOvNSB4e07G/bWeaZdathlYDLxJ6TOpij45lfzijCCSdCY4aUGtpWrN0USU0xI1nNSRSJEZ6gMRnmVCBOlJuWn2TwJFdGMIhkXkLDUv29kSKu1JT7+SRHOlSLXiH+5w0THVy6KRVxoonAs0NBwqCOYBELHFFJsGbTnKAiBoohDpFEWOfh1fIQ7MWXl0nvrGE3G82b83qrPY+jCo7AMTgFNrgALXANOqALMHgEz+AVvBlPxovxbnzMRivGfOcQ/IHx+QP++5qK</latexit>

↵crit
�SB

Gies, Jaeckel ’05 Braun, Gies’05’06

0.50

0.75

1.00

1.25

1.50

0.1 0.2 0.5 1

9.55
9.60
9.65
9.70

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 160.0

0.2

0.4

0.6

0.8

1.0

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

ω(3),→
g

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

ω(2),→
g

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

ω(4),→
g

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

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

→0.53
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Cartography
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(i)

(ii)

(iii)

Nf /Nc ∼ 11/2
Nf /Nc ∼ 3.22 − 0.15/Nc

Nf /Nc ∼ 3 − 1/Nc

Nf /Nc ∼ 3/2 − 2/3Nc
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Dynamics of chiral-gauge theories

<latexit sha1_base64="4bVgif6kFx1QbbquWaaZdEIt+5I="></latexit>

!4F,k[ω̄,ω, ε̄,ε] = →

∫

x
Z2
ω

2∑

i=1

ϑiOi + Z2
ε

5∑

i=3

ϑiOi + ZωZε

7∑

i=6

ϑiOi

<latexit sha1_base64="1EpJgvqKSNc6OoNUl+1qyzdQQsI="></latexit>

O1 =
(
ω†ε̄µω

)(
ω†ε̄µω

)

O2 =
(
ω†f1 ε̄µωf2

)(
ω†f2 ε̄µωf1

)

O3 =
(
ϑ†f1 ε̄µϑf2

)(
ϑ†f2 ε̄µϑf1

)

O4 =
(
ϑ†ε̄µϑ

)(
ϑ†ε̄µϑ

)
,

O5 =
(
ϑ†ε̄µ Tanti ϑ

)(
ϑ†ε̄µ Tanti ϑ

)

O6 =
(
ω†ε̄µω

)(
ϑ†ε̄µϑ

)

O7 =
(
ω†ε̄µ Ta→fund ω

)(
ϑ†ε̄µ Tanti ϑ

) 0.6

0.8

1.0

1.2

Conformal Window

Dynamics Type I

AF Lost

<latexit sha1_base64="sDls7YbCd9uSCQStC2EjtABz6Zw=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUSkuiy6cVnBPqAJZTK9aYdOJnFmIpTQnRt/xY0LRdz6C+78G6dpFtp64F4O59zLzD1BwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Lxamk0KQxj2UnIAo4E9DUTHPoJBJIFHBoB6Prqd9+AKlYLO70OAE/IgPBQkaJNlLPPvI4EQMO2KNDVjSZK56Ae6dnV5yqkwMvErcgFVSg0bO/vH5M0wiEppwo1XWdRPsZkZpRDpOylypICB2RAXQNFSQC5Wf5HRN8YpQ+DmNpSmicq783MhIpNY4CMxkRPVTz3lT8z+umOrz0MyaSVIOgs4fClGMd42kouM8kUM3HhhAqmfkrpkMiCdUmurIJwZ0/eZG0zqpurVq7Pa/Ur4o4SugQHaNT5KILVEc3qIGaiKJH9Ixe0Zv1ZL1Y79bHbHTJKnYO0B9Ynz8YTJjW</latexit>

→ωω↑ ↓= 0 Dynamics T
ype II 

<latexit sha1_base64="9lmt9iru4zVsXRVgagpDdMTvdJw=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIrgqiUh116IblxXsBZpQJtOTduhkEmcmQgnd+CpuXCji1sdw59s4bbPQ1h8GPv5zDmfOHyScKe0431ZhZXVtfaO4Wdra3tnds/cPWipOJYUmjXksOwFRwJmApmaaQyeRQKKAQzsY3Uzr7UeQisXiXo8T8CMyECxklGhj9ewjjxMx4IBrtZonZ+gJeHB6dtmpODPhZXBzKKNcjZ795fVjmkYgNOVEqa7rJNrPiNSMcpiUvFRBQuiIDKBrUJAIlJ/NDpjgU+P0cRhL84TGM/f3REYipcZRYDojoodqsTY1/6t1Ux1e+RkTSapB0PmiMOVYx3iaBu4zCVTzsQFCJTN/xXRIJKHaZFYyIbiLJy9D67ziVivVu4ty/TqPo4iO0Qk6Qy66RHV0ixqoiSiaoGf0it6sJ+vFerc+5q0FK585RH9kff4A0O+V7Q==</latexit>

→???
↑ ↓=

0

Li,ÁPG,Vatani,Xu [to appear early next week]

Georgi,Glashow’74
Generalised Georgi-Glashow theories (purely chiral)

Raby,Dimopoulos,Susskind’80
Bolognesi,Konishi[1906.01485]
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Conclusions
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✦Functional methods are a powerful and versatile non-pertubative tool 

to investigate strong dynamics  

✦Charted the landscape of gauge-fermion theories: 

- New “easy” treatment of confinement  

- Determination of fundamental parameters:  

-  , ,  , size of walking regime, … 

- Identification of new phases and resolution dynamics 

- Precise determination of the lower boundary of the CBZ window: 

mψ ⟨σ⟩ mσ

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

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

→0.53

And much more in [2412.12254] !
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Towards non-perturbative new physics 
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• Thermal phenomena: 

• Order of phase transition at many flavour⇝ cosmological phase transitions 

• Inhomogeneous phases in the chiral limit⇝ precondensation phenomena 

• Phases of different classes of gauge theories  

• More gauge-fermion: chiral, SUSY, …  

• Scalar-gauge QFTs (supercooling, …) 

• SM and beyond with functional methods 

• new features & a framework for non-perturbative new physics 
ÁPG,Pawlowski,Reichert [2207.09817] 
Goertz,ÁPG [2308.13594]

ÁPG,Pawlowski,Sattler[to appear]

Li,ÁPG,Vatani,Xu[to appear]

Kierkla,ÁPG[to appear]

Garces,Goertz,Lindner,ÁPG[2506.15919]

New Physics

Theoretical guidance for top-down approaches
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Towards non-perturbative new physics 

14

• Thermal phenomena: 

• Order of phase transition at many flavour⇝ cosmological phase transitions 

• Inhomogeneous phases in the chiral limit⇝ precondensation phenomena 

• Phases of different classes of gauge theories  

• More gauge-fermion: chiral, SUSY, …  

• Scalar-gauge QFTs (supercooling, …) 

• SM and beyond with functional methods 

• new features & a framework for non-perturbative new physics 

Thanks a lot for your atention!

ÁPG,Pawlowski,Reichert [2207.09817] 
Goertz,ÁPG [2308.13594]

ÁPG,Pawlowski,Sattler[to appear]

Li,ÁPG,Vatani,Xu[to appear]

Kierkla,ÁPG[to appear]

Garces,Goertz,Lindner,ÁPG[2506.15919]

New Physics

Theoretical guidance for top-down approaches



Additional slides



 Álvaro Pastor Gutiérrez /1416

Cyrol,Fister,Mitter,Pawlowski [1605.01856]

Fu,Pawlowski, 
Rennecke [1909.02991]

Mitter,Pawlowski, 
Strodthoff[1411.7978]

fRG approach in QCD

fQCD collaboration

Fister,Pawlowski [1301.4163]
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Deriving full correlation functions
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Example: quark-gluon vertex and gauge coupling -functionβ

with anomalous dimensions

e�

e+

µ�

µ+

=

e�

e+

�matter

µ�

µ+

+

e�

e+

h
µ�

µ+

+

e�

e+

µ�

µ+

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

@tg ̄ A =
Tr

h
Tµ @t�( ̄ A)

k

i

Tr
⇥
T 2
µ

⇤
Z1/2
A Z 

+

✓
1

2
⌘A + ⌘ 

◆
g ̄ A

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

@t�
( ̄ A)
k = @t

⇣
Z1/2
A Z g ̄ A · Tµ

⌘

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

⌘�i = �@tZ�i

Z�i

= �
@p2 @t�

(�i�i)
k

Z�i

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

!k[”] =
→∑

n

∫

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

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

Ntr

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

!
(!i1 ···!in )
k (p1, ..., pn) =

ω

ω”i1(p1)
· · · ω

ω”in(pn)
!k[”]

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

ωt!
(ω̄ω)
k =

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

ωt!
(ω̄ωA)
k =

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

ωt!
(AA)
k =

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

]↑1

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

!(ω̄ωA)
k→0

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

!(ω̄ωA)
k→0

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

M →

☞

☞

Diagramatic flows to be computed
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Gauge symmetry in the RG flow
✦ Gauge symmetry at the quantum level ☞ Slavnov-Taylor identities (STIs) ☞ In the presence of a cutoff derive the 

modified STIs (mSTIs). 

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

✦ Under control: quantitatively and qualitatively 

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

- Gauge invariant flow equations and field transformations

k → 0 Rk → 0

18

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

�Sk[�] =

Z

p
�(p)Rk�(�p)

Pawlowski,Schneider,Wink[2202.11123]

Ihssen,Pawlowski[2503.22638] Morris,Rosten[0606189] 
Wetterich[1607.02989]

Pawlowski[0512261] Gies[0611146]

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

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

x

ω!

ωQi(x)

ω!

ω”i(x)
= 0

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

x

ω!k

ωQi(x)

ω!k

ω”i(x)
= TrRijGjl

ω2!k[”,Q]

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

Qi

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

!i = {Aµ, c, c̄, . . .}

: BRST sources of the  fieldsΦi
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Yang-Mills phases and confinement

19

✦ Mass gap as a dialing parameter 

✦ Confining solutions: 

- Scaling  

- Decoupling 

<latexit sha1_base64="hXrn4b5leJWPlwxh5wOGbXZL+XE="></latexit>

�(AA)
k (p2) = ZA, k(p)

�
p2 +m2

A, k

�

10-12 10-11 10-10 10-9
0.16
0.17
0.18
0.19
0.20
0.21

10-12 10-11 10-10 10-9
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

10-12 10-11 10-10 10-9
2
5
10
20
50

10-12 10-11 10-10 10-9

0.01

0.10

1

10

100

1000

0.1 1 10 100
0
1
2
3
4
5
6

0.1 1 10 100
0

1

2

3

4

5

6

0.01 0.10 1 10 100
0
1
2
3
4
5
6

0.1 1 10 100
0

1

2

3

4

5

6

✦ Non-confining solutions: 

- Coulomb phase 

- Massive Yang-Mills

Fischer,Maas,Pawlowski[0810.1987]
Cyrol,Fister,Mitter,Pawlowski [1605.01856]
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Dynamical chiral symmetry breaking 

20
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Dynamical chiral symmetry breaking
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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="TEqbuCHL1I00E/bpyOoYq5+Wvy4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hyiOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALG3jOI=</latexit>

S
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Dynamical chiral symmetry breaking
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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>

�̄ =

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>

�̄ =

Z

x

1

4
F a
µ⌫F

a
µ⌫ + Lgf + Lgh +  ̄�µDµ  + �

�
 ̄ T  

�2

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

<latexit sha1_base64="hrzNQWXqjNwIPtrjX0f7T7LwTLI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oUy2m3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKnR6KZIT9Yb9ccavuHGSVeDmpQI5Gv/zVG8Q0jZg0VKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEiOm/Wx+75ScWWVAwljZkobM1d8TGUZaT6LAdkZoRnrZm4n/ed3UhNd+xmWSGibpYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHq1au3+slK/yeMowgmcwjl4cAV1uIMGNIGCgGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8KSo/9</latexit> ω
g

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

k�SB

Landau pole?

<latexit sha1_base64="yYcCpdodateXpnhdIidSeo4DIvo=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclUSkuix147KifUATw2Q6aYbOJGFmIpSQL3Djr7hxoYhb1+78G6dpFtp64MK559zL5R4/YVQqy/o2VlbX1jc2K1vV7Z3dvX3z4LAn41Rg0sUxi8XAR5IwGpGuooqRQSII4j4jfX9yNfP7D0RIGkd3apoQl6NxRAOKkdKSZ9YdSTl0EEtCdJ85gkMsqMq9zMEhLfrbdp57Zs1qWAXgMrFLUgMlOp755YxinHISKcyQlEPbSpSbIaEoZiSvOqkkCcITNCZDTSPEiXSz4p0c1rUygkEsdEUKFurvjQxxKafc15McqVAuejPxP2+YquDSzWiUpIpEeH4oSBlUMZxlA0dUEKzYVBM0i4FiiEMkEFY6waoOwV58eZn0zhp2s9G8Oa+12mUcFXAMTsApsMEFaIFr0AFdgMEjeAav4M14Ml6Md+NjPrpilDtH4A+Mzx+kzJyB</latexit>

→ ωcrit
ωSB

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

<latexit sha1_base64="hrzNQWXqjNwIPtrjX0f7T7LwTLI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oUy2m3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKnR6KZIT9Yb9ccavuHGSVeDmpQI5Gv/zVG8Q0jZg0VKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEiOm/Wx+75ScWWVAwljZkobM1d8TGUZaT6LAdkZoRnrZm4n/ed3UhNd+xmWSGibpYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHq1au3+slK/yeMowgmcwjl4cAV1uIMGNIGCgGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8KSo/9</latexit> ω
g

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

k�SB

Landau pole?

<latexit sha1_base64="yYcCpdodateXpnhdIidSeo4DIvo=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclUSkuix147KifUATw2Q6aYbOJGFmIpSQL3Djr7hxoYhb1+78G6dpFtp64MK559zL5R4/YVQqy/o2VlbX1jc2K1vV7Z3dvX3z4LAn41Rg0sUxi8XAR5IwGpGuooqRQSII4j4jfX9yNfP7D0RIGkd3apoQl6NxRAOKkdKSZ9YdSTl0EEtCdJ85gkMsqMq9zMEhLfrbdp57Zs1qWAXgMrFLUgMlOp755YxinHISKcyQlEPbSpSbIaEoZiSvOqkkCcITNCZDTSPEiXSz4p0c1rUygkEsdEUKFurvjQxxKafc15McqVAuejPxP2+YquDSzWiUpIpEeH4oSBlUMZxlA0dUEKzYVBM0i4FiiEMkEFY6waoOwV58eZn0zhp2s9G8Oa+12mUcFXAMTsApsMEFaIFr0AFdgMEjeAav4M14Ml6Md+NjPrpilDtH4A+Mzx+kzJyB</latexit>

→ ωcrit
ωSB

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

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

+

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

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

h��i�1 ⟶
From bosonisation we learned:

<latexit sha1_base64="5GTokqMfrM9flkyeWxzhgD+K6RQ=">AAACA3icbVDLSgMxFM34rPU16k43wSK4qjNFqsuiG5cV7AM645DJZNrQZCYkGaEMBTf+ihsXirj1J9z5N6btLLT1QOBwzrnc3BMKRpV2nG9raXlldW29tFHe3Nre2bX39tsqzSQmLZyyVHZDpAijCWlpqhnpCkkQDxnphMPrid95IFLRNLnTI0F8jvoJjSlG2kiBfegxE44Q9IRMhU6he8YDTwzofS2wK07VmQIuErcgFVCgGdhfXpTijJNEY4aU6rmO0H6OpKaYkXHZyxQRCA9Rn/QMTRAnys+nN4zhiVEiGKfSvETDqfp7IkdcqREPTZIjPVDz3kT8z+tlOr70c5qITJMEzxbFGYPm1kkhMKKSYM1GhiAsqfkrxAMkEdamtrIpwZ0/eZG0a1W3Xq3fnlcaV0UdJXAEjsEpcMEFaIAb0AQtgMEjeAav4M16sl6sd+tjFl2yipkD8AfW5w/o0JcQ</latexit>

ω → 1/m2
ω

Resonant channel 

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

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

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

�

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

<latexit sha1_base64="hrzNQWXqjNwIPtrjX0f7T7LwTLI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oUy2m3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKnR6KZIT9Yb9ccavuHGSVeDmpQI5Gv/zVG8Q0jZg0VKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEiOm/Wx+75ScWWVAwljZkobM1d8TGUZaT6LAdkZoRnrZm4n/ed3UhNd+xmWSGibpYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHq1au3+slK/yeMowgmcwjl4cAV1uIMGNIGCgGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8KSo/9</latexit> ω
g

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

k�SB

Landau pole?

<latexit sha1_base64="yYcCpdodateXpnhdIidSeo4DIvo=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclUSkuix147KifUATw2Q6aYbOJGFmIpSQL3Djr7hxoYhb1+78G6dpFtp64MK559zL5R4/YVQqy/o2VlbX1jc2K1vV7Z3dvX3z4LAn41Rg0sUxi8XAR5IwGpGuooqRQSII4j4jfX9yNfP7D0RIGkd3apoQl6NxRAOKkdKSZ9YdSTl0EEtCdJ85gkMsqMq9zMEhLfrbdp57Zs1qWAXgMrFLUgMlOp755YxinHISKcyQlEPbSpSbIaEoZiSvOqkkCcITNCZDTSPEiXSz4p0c1rUygkEsdEUKFurvjQxxKafc15McqVAuejPxP2+YquDSzWiUpIpEeH4oSBlUMZxlA0dUEKzYVBM0i4FiiEMkEFY6waoOwV58eZn0zhp2s9G8Oa+12mUcFXAMTsApsMEFaIFr0AFdgMEjeAav4M14Ml6Md+NjPrpilDtH4A+Mzx+kzJyB</latexit>

→ ωcrit
ωSB

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

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

+

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

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

h��i�1 ⟶
From bosonisation we learned:

<latexit sha1_base64="5GTokqMfrM9flkyeWxzhgD+K6RQ=">AAACA3icbVDLSgMxFM34rPU16k43wSK4qjNFqsuiG5cV7AM645DJZNrQZCYkGaEMBTf+ihsXirj1J9z5N6btLLT1QOBwzrnc3BMKRpV2nG9raXlldW29tFHe3Nre2bX39tsqzSQmLZyyVHZDpAijCWlpqhnpCkkQDxnphMPrid95IFLRNLnTI0F8jvoJjSlG2kiBfegxE44Q9IRMhU6he8YDTwzofS2wK07VmQIuErcgFVCgGdhfXpTijJNEY4aU6rmO0H6OpKaYkXHZyxQRCA9Rn/QMTRAnys+nN4zhiVEiGKfSvETDqfp7IkdcqREPTZIjPVDz3kT8z+tlOr70c5qITJMEzxbFGYPm1kkhMKKSYM1GhiAsqfkrxAMkEdamtrIpwZ0/eZG0a1W3Xq3fnlcaV0UdJXAEjsEpcMEFaIAb0AQtgMEjeAav4M16sl6sd+tjFl2yipkD8AfW5w/o0JcQ</latexit>

ω → 1/m2
ω

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>

�

Critical point, infinite correlation length
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Gies, Wetterich ’01

<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
�
 +

1

2
(@µ�)

2 + V (�2)

Stratonovich’57 Hubbard’59

Fukushima,Pawlowski,Strodthoff [2103.01129]Pawlowski[hep-th/0512261]

+ …
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<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
�
 +

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

�̄k =

Z

x

1

4
F a
µ⌫F

a
µ⌫ + (@µc̄

a)Dab
µ cb +

1

2⇠
(@µA

a
µ)

2 +  ̄
⇥
(�µDµ) +m(�)

⇤
 

+ h  ̄
�
T 0
f � + i�5 T

a
f ⇡

a
�
 +

1

2
(@µ�)

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
�
 +

1

2
(@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:  

- Chiral condensate:  

- Composite masses of bosonised channels:  

✦ Account for higher dimensional fermionic operators 

via higher-order scalar potential: 

- Non-perturbative effects and higher precision

mψ

⟨σ⟩ ∼ fπ

mσ, mπ

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

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

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

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

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

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

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

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

✦ Flows computed: 

✦ Continuous interpolation between chirally symmetric 

and broken regimes 

✦ A clear and precise way to diagnose SBχ

<latexit sha1_base64="k+gIh6uDEh5QUdtAU5LM+C1q4+Q=">AAACGXicbVDLSgMxFM3UV62vqks3g0WoUMqMSHVZdOOygn1gMwyZNNMJzTxI7ghl6G+48VfcuFDEpa78G9N2Ftp6IORwzr03ucdLBFdgWd9GYWV1bX2juFna2t7Z3SvvH3RUnErK2jQWsex5RDHBI9YGDoL1EslI6AnW9UbXU7/7wKTicXQH44Q5IRlG3OeUgJbcsoUF8wFnQa1TxUnAT2v3Lk4Un10Br2GhZw2Iy7HkwwDwxC1XrLo1g7lM7JxUUI6WW/7Eg5imIYuACqJU37YScDIigVPBJiWcKpYQOiJD1tc0IiFTTjbbbGKeaGVg+rHUJwJzpv7uyEio1Dj0dGVIIFCL3lT8z+un4F86GY+SFFhE5w/5qTAhNqcxmQMuGQUx1oRQyfVfTRoQSSjoMEs6BHtx5WXSOavbjXrj9rzSvMrjKKIjdIyqyEYXqIluUAu1EUWP6Bm9ojfjyXgx3o2PeWnByHsO0R8YXz8Lc6Bf</latexit>

{h, V (�), Z , Z�,�i}
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<latexit sha1_base64="/0aJx/7jvckFMNpqEQiLS8JBJ0A=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUr0IRS+epIL9gHYp2TTbxmaTJckKZel/8OJBEa/+H2/+G7PtHrT6YODx3gwz84KYM21c98sprKyurW8UN0tb2zu7e+X9g7aWiSK0RSSXqhtgTTkTtGWY4bQbK4qjgNNOMLnO/M4jVZpJcW+mMfUjPBIsZAQbK7VvB+FlrTQoV9yqOwf6S7ycVCBHc1D+7A8lSSIqDOFY657nxsZPsTKMcDor9RNNY0wmeER7lgocUe2n82tn6MQqQxRKZUsYNFd/TqQ40noaBbYzwmasl71M/M/rJSa88FMm4sRQQRaLwoQjI1H2OhoyRYnhU0swUczeisgYK0yMDSgLwVt++S9p16pevVq/O6s0rvI4inAEx3AKHpxDA26gCS0g8ABP8AKvjnSenTfnfdFacPKZQ/gF5+MbSbCOTQ==</latexit>

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

Nc = 3



 Álvaro Pastor Gutiérrez /14

Dynamical bosonisation

24

0

5

10

15

0.1 1 10 100 1000
0.001

1
1000
106
109



 Álvaro Pastor Gutiérrez /14

Near-conformal scaling and 

25

5 10 15 20
0

5

10

15

20

<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

Length of walking regime from first principles:
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Conformal-dynamical phase transition

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

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

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

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

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

k�SB

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

kwalk

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

kconf

Miransky,Yamawaki [9611142] 
Miransky [9812350]

Braun,Fischer,Gies [1012.4279] 
Braun,Gies[0912.4168]
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Boundary of the conformal window: systematics
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Comparison to perturbative methodology

27

<latexit sha1_base64="OnqjU7WDOVzAOCWU3eI2QsX7fYk="></latexit>

�m =
@tm̄ 

m̄ 
=

2

4
@t

⇣
T 0
f �( ̄ )

k (p2 = 0)
⌘

Z m 
+ ⌘ 

3

5

= �(1)
m + �(>1)

m =
3↵g CF

2⇡
+ . . .

9 10 11 12 13 14 15 16
0.0

0.5

1.0

1.5
d SB whenχ

Strongly coupled CFTs?

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

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

→0.53

• But which exact value? 

• And which γ(i)
m ?

Imprecise

From the fRG prediction:

2- and 3- loop results should be used

Lee[2008.12223] 
Dietrich,Sannino[0611341] 
Ryttov,Shrock[1608.00068] 

Appelquist,Terning,Wijewardhana[9602385] 
Hasenfratz,Neil,Shamir,Svetitsky,Witzel[2306.07236] 

…
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Large  scaling Nf
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