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  Can we produce a map showing the conformal and mass-gapped IR phases of 
fermionic gauge theories?   

  How to understand the conformality in non-compact QED3 at small number of 
flavors?

 How to formulate topological CS theories on lattice? Are there non-trivial 
examples doable by Monte-Carlo? 

 How to quantify the relevance of topological defects (monopoles, vortices, etc) 
at IR fixed points? 

 Can we study consequences of particle-vortex dualities by Monte-Carlo 
simulations? 

Features of flatland:  fixed points …

… and topology



Parity-invariant QED and QCD in 2+1 dimensions

 Field content:               flavors of two-component Dirac fermions coupled to gauge-
field through Dirac operator in a       box

Continuum limit at Gaussian FP:   Keep            fixed and take g2`
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Finite-size scaling/thermodynamic limit by changing g2`
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<latexit sha1_base64="X2QpBaH68X8Floo1ygZ2oZD0bWA=">AAACMHicbVDLSgMxFM34rO+qSzfBIrSbMqOCLotu3FnBqtApJZPeaUMzmSG5I5ahH+Jv+ANu9Q90JW5c+BWmD9C2HggczjmXm3uCRAqDrvvuzM0vLC4t51ZW19Y3Nrfy2zs3Jk41hxqPZazvAmZACgU1FCjhLtHAokDCbdA9H/i396CNiNU19hJoRKytRCg4Qys180e+hBB9yVRbAs18ziS97Bfd0i9/KFFfi3YHfT1KNfMFt+wOQWeJNyYFMka1mf/yWzFPI1DIJTOm7rkJNjKmUXAJ/VU/NZAw3mVtqFuqWASmkQ2P69MDq7RoGGv7FNKh+nciY5ExvSiwyYhhx0x7A/E/r55ieNrIhEpSBMVHi8JUUozpoCnaEho4yp4ljGth/0p5h2nG0fY5scXYozrQ6ttivOkaZsnNYdlzy97VcaFyNq4oR/bIPikSj5yQCrkgVVIjnDySZ/JCXp0n5835cD5H0TlnPLNLJuB8/wBf+qlH</latexit><latexit sha1_base64="X2QpBaH68X8Floo1ygZ2oZD0bWA=">AAACMHicbVDLSgMxFM34rO+qSzfBIrSbMqOCLotu3FnBqtApJZPeaUMzmSG5I5ahH+Jv+ANu9Q90JW5c+BWmD9C2HggczjmXm3uCRAqDrvvuzM0vLC4t51ZW19Y3Nrfy2zs3Jk41hxqPZazvAmZACgU1FCjhLtHAokDCbdA9H/i396CNiNU19hJoRKytRCg4Qys180e+hBB9yVRbAs18ziS97Bfd0i9/KFFfi3YHfT1KNfMFt+wOQWeJNyYFMka1mf/yWzFPI1DIJTOm7rkJNjKmUXAJ/VU/NZAw3mVtqFuqWASmkQ2P69MDq7RoGGv7FNKh+nciY5ExvSiwyYhhx0x7A/E/r55ieNrIhEpSBMVHi8JUUozpoCnaEho4yp4ljGth/0p5h2nG0fY5scXYozrQ6ttivOkaZsnNYdlzy97VcaFyNq4oR/bIPikSj5yQCrkgVVIjnDySZ/JCXp0n5835cD5H0TlnPLNLJuB8/wBf+qlH</latexit><latexit sha1_base64="X2QpBaH68X8Floo1ygZ2oZD0bWA=">AAACMHicbVDLSgMxFM34rO+qSzfBIrSbMqOCLotu3FnBqtApJZPeaUMzmSG5I5ahH+Jv+ANu9Q90JW5c+BWmD9C2HggczjmXm3uCRAqDrvvuzM0vLC4t51ZW19Y3Nrfy2zs3Jk41hxqPZazvAmZACgU1FCjhLtHAokDCbdA9H/i396CNiNU19hJoRKytRCg4Qys180e+hBB9yVRbAs18ziS97Bfd0i9/KFFfi3YHfT1KNfMFt+wOQWeJNyYFMka1mf/yWzFPI1DIJTOm7rkJNjKmUXAJ/VU/NZAw3mVtqFuqWASmkQ2P69MDq7RoGGv7FNKh+nciY5ExvSiwyYhhx0x7A/E/r55ieNrIhEpSBMVHi8JUUozpoCnaEho4yp4ljGth/0p5h2nG0fY5scXYozrQ6ttivOkaZsnNYdlzy97VcaFyNq4oR/bIPikSj5yQCrkgVVIjnDySZ/JCXp0n5835cD5H0TlnPLNLJuB8/wBf+qlH</latexit><latexit sha1_base64="X2QpBaH68X8Floo1ygZ2oZD0bWA=">AAACMHicbVDLSgMxFM34rO+qSzfBIrSbMqOCLotu3FnBqtApJZPeaUMzmSG5I5ahH+Jv+ANu9Q90JW5c+BWmD9C2HggczjmXm3uCRAqDrvvuzM0vLC4t51ZW19Y3Nrfy2zs3Jk41hxqPZazvAmZACgU1FCjhLtHAokDCbdA9H/i396CNiNU19hJoRKytRCg4Qys180e+hBB9yVRbAs18ziS97Bfd0i9/KFFfi3YHfT1KNfMFt+wOQWeJNyYFMka1mf/yWzFPI1DIJTOm7rkJNjKmUXAJ/VU/NZAw3mVtqFuqWASmkQ2P69MDq7RoGGv7FNKh+nciY5ExvSiwyYhhx0x7A/E/r55ieNrIhEpSBMVHi8JUUozpoCnaEho4yp4ljGth/0p5h2nG0fY5scXYozrQ6ttivOkaZsnNYdlzy97VcaFyNq4oR/bIPikSj5yQCrkgVVIjnDySZ/JCXp0n5835cD5H0TlnPLNLJuB8/wBf+qlH</latexit>

|x| ! 1
<latexit sha1_base64="d8KcX9t5Ipdv8Bp4llUNVgk4PCk=">AAACB3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAJZTKZtEMnM2HmRgxpP8AfcKt/4E7c+hn+gN/htM3Cth64cDjnXu69J0g40+A431ZpbX1jc6u8XdnZ3ds/qB4etbVMFaEtIrlU3QBrypmgLWDAaTdRFMcBp51gdDv1O49UaSbFA2QJ9WM8ECxiBIORvPHT2APpMRFB1q/WnLozg71K3ILUUIFmv/rjhZKkMRVAONa65zoJ+DlWwAink4qXappgMsID2jNU4JhqP5/dPLHPjBLakVSmBNgz9e9EjmOtszgwnTGGoV72puJ/Xi+F6NrPmUhSoILMF0Upt0Ha0wDskClKgGeGYKKYudUmQ6wwARPTwhZtnhrScGKCcZdjWCXti7rr1N37y1rjpoiojE7QKTpHLrpCDXSHmqiFCErQC3pFb9az9W59WJ/z1pJVzByjBVhfv29OmvA=</latexit><latexit sha1_base64="d8KcX9t5Ipdv8Bp4llUNVgk4PCk=">AAACB3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAJZTKZtEMnM2HmRgxpP8AfcKt/4E7c+hn+gN/htM3Cth64cDjnXu69J0g40+A431ZpbX1jc6u8XdnZ3ds/qB4etbVMFaEtIrlU3QBrypmgLWDAaTdRFMcBp51gdDv1O49UaSbFA2QJ9WM8ECxiBIORvPHT2APpMRFB1q/WnLozg71K3ILUUIFmv/rjhZKkMRVAONa65zoJ+DlWwAink4qXappgMsID2jNU4JhqP5/dPLHPjBLakVSmBNgz9e9EjmOtszgwnTGGoV72puJ/Xi+F6NrPmUhSoILMF0Upt0Ha0wDskClKgGeGYKKYudUmQ6wwARPTwhZtnhrScGKCcZdjWCXti7rr1N37y1rjpoiojE7QKTpHLrpCDXSHmqiFCErQC3pFb9az9W59WJ/z1pJVzByjBVhfv29OmvA=</latexit><latexit sha1_base64="d8KcX9t5Ipdv8Bp4llUNVgk4PCk=">AAACB3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAJZTKZtEMnM2HmRgxpP8AfcKt/4E7c+hn+gN/htM3Cth64cDjnXu69J0g40+A431ZpbX1jc6u8XdnZ3ds/qB4etbVMFaEtIrlU3QBrypmgLWDAaTdRFMcBp51gdDv1O49UaSbFA2QJ9WM8ECxiBIORvPHT2APpMRFB1q/WnLozg71K3ILUUIFmv/rjhZKkMRVAONa65zoJ+DlWwAink4qXappgMsID2jNU4JhqP5/dPLHPjBLakVSmBNgz9e9EjmOtszgwnTGGoV72puJ/Xi+F6NrPmUhSoILMF0Upt0Ha0wDskClKgGeGYKKYudUmQ6wwARPTwhZtnhrScGKCcZdjWCXti7rr1N37y1rjpoiojE7QKTpHLrpCDXSHmqiFCErQC3pFb9az9W59WJ/z1pJVzByjBVhfv29OmvA=</latexit><latexit sha1_base64="d8KcX9t5Ipdv8Bp4llUNVgk4PCk=">AAACB3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAJZTKZtEMnM2HmRgxpP8AfcKt/4E7c+hn+gN/htM3Cth64cDjnXu69J0g40+A431ZpbX1jc6u8XdnZ3ds/qB4etbVMFaEtIrlU3QBrypmgLWDAaTdRFMcBp51gdDv1O49UaSbFA2QJ9WM8ECxiBIORvPHT2APpMRFB1q/WnLozg71K3ILUUIFmv/rjhZKkMRVAONa65zoJ+DlWwAink4qXappgMsID2jNU4JhqP5/dPLHPjBLakVSmBNgz9e9EjmOtszgwnTGGoV72puJ/Xi+F6NrPmUhSoILMF0Upt0Ha0wDskClKgGeGYKKYudUmQ6wwARPTwhZtnhrScGKCcZdjWCXti7rr1N37y1rjpoiojE7QKTpHLrpCDXSHmqiFCErQC3pFb9az9W59WJ/z1pJVzByjBVhfv29OmvA=</latexit>

IR limit: for correlators
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<latexit sha1_base64="486Rj751xrcbTD+sGzQNJiC2k1U="></latexit><latexit sha1_base64="486Rj751xrcbTD+sGzQNJiC2k1U="></latexit><latexit sha1_base64="486Rj751xrcbTD+sGzQNJiC2k1U="></latexit><latexit sha1_base64="486Rj751xrcbTD+sGzQNJiC2k1U="></latexit>



Parity-invariant QED and QCD in 2+1 dimensions

 Field content:               flavors of two-component Dirac fermions coupled to gauge-
field through Dirac operator in a       box

Continuum limit at Gaussian FP:   Keep            fixed and take g2`
<latexit sha1_base64="YMrmvypoLO2rPxwyEFl3Gl7xRmg=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkDbOzvcmQ2dllZlYIIUd/wKv+gTfx6of4A36Hk2QPJrGgoajqprsrSAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc1EmmGDZYIhLVDqhGwSU2DDcC26lCGgcCW8Hwduq3nlBpnsgHM0rRj2lf8ogzaqzU7j9WSReF6JXKbsWdgawSLydlyFHvlX66YcKyGKVhgmrd8dzU+GOqDGcCJ8VupjGlbEj72LFU0hi1P57dOyHnVglJlChb0pCZ+ndiTGOtR3FgO2NqBnrZm4r/eZ3MRNf+mMs0MyjZfFGUCWISMn2ehFwhM2JkCWWK21sJG1BFmbERLWzR9qkBhhMbjLccwyppViueW/HuL8u1mzyiApzCGVyAB1dQgzuoQwMYCHiBV3hznp1358P5nLeuOfnMCSzA+foFwrCYQw==</latexit><latexit sha1_base64="YMrmvypoLO2rPxwyEFl3Gl7xRmg=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkDbOzvcmQ2dllZlYIIUd/wKv+gTfx6of4A36Hk2QPJrGgoajqprsrSAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc1EmmGDZYIhLVDqhGwSU2DDcC26lCGgcCW8Hwduq3nlBpnsgHM0rRj2lf8ogzaqzU7j9WSReF6JXKbsWdgawSLydlyFHvlX66YcKyGKVhgmrd8dzU+GOqDGcCJ8VupjGlbEj72LFU0hi1P57dOyHnVglJlChb0pCZ+ndiTGOtR3FgO2NqBnrZm4r/eZ3MRNf+mMs0MyjZfFGUCWISMn2ehFwhM2JkCWWK21sJG1BFmbERLWzR9qkBhhMbjLccwyppViueW/HuL8u1mzyiApzCGVyAB1dQgzuoQwMYCHiBV3hznp1358P5nLeuOfnMCSzA+foFwrCYQw==</latexit><latexit sha1_base64="YMrmvypoLO2rPxwyEFl3Gl7xRmg=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkDbOzvcmQ2dllZlYIIUd/wKv+gTfx6of4A36Hk2QPJrGgoajqprsrSAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc1EmmGDZYIhLVDqhGwSU2DDcC26lCGgcCW8Hwduq3nlBpnsgHM0rRj2lf8ogzaqzU7j9WSReF6JXKbsWdgawSLydlyFHvlX66YcKyGKVhgmrd8dzU+GOqDGcCJ8VupjGlbEj72LFU0hi1P57dOyHnVglJlChb0pCZ+ndiTGOtR3FgO2NqBnrZm4r/eZ3MRNf+mMs0MyjZfFGUCWISMn2ehFwhM2JkCWWK21sJG1BFmbERLWzR9qkBhhMbjLccwyppViueW/HuL8u1mzyiApzCGVyAB1dQgzuoQwMYCHiBV3hznp1358P5nLeuOfnMCSzA+foFwrCYQw==</latexit><latexit sha1_base64="YMrmvypoLO2rPxwyEFl3Gl7xRmg=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkDbOzvcmQ2dllZlYIIUd/wKv+gTfx6of4A36Hk2QPJrGgoajqprsrSAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc1EmmGDZYIhLVDqhGwSU2DDcC26lCGgcCW8Hwduq3nlBpnsgHM0rRj2lf8ogzaqzU7j9WSReF6JXKbsWdgawSLydlyFHvlX66YcKyGKVhgmrd8dzU+GOqDGcCJ8VupjGlbEj72LFU0hi1P57dOyHnVglJlChb0pCZ+ndiTGOtR3FgO2NqBnrZm4r/eZ3MRNf+mMs0MyjZfFGUCWISMn2ehFwhM2JkCWWK21sJG1BFmbERLWzR9qkBhhMbjLccwyppViueW/HuL8u1mzyiApzCGVyAB1dQgzuoQwMYCHiBV3hznp1358P5nLeuOfnMCSzA+foFwrCYQw==</latexit>

g2a ! 0
<latexit sha1_base64="82n5yQePOPlaYbZqO/hG9CnL3Ts=">AAACBnicbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPiCNZTKZtEMnM2FmIpTQvT/gVv/Anbj1N/wBv8Npm4VtPXDhcO693HtOmHKmjet+O2vrG5tb26Wd8u7e/sFh5ei4rWWmCG0RyaXqhlhTzgRtGWY47aaK4iTktBOObqf9zhNVmknxYMYpDRI8ECxmBBsr+YPHOsKoZyRy+5WqW3NnQKvEK0gVCjT7lZ9eJEmWUGEIx1r7npuaIMfKMMLppNzLNE0xGeEB9S0VOKE6yGcvT9C5VSIUS2VLGDRT/27kONF6nIR2MsFmqJd7U/G/np+Z+DrImUgzQwWZH4ozjqzFqX8UMUWJ4WNLMFHM/orIECtMjE1p4Yq2poY0mthgvOUYVkm7XvPcmnd/WW3cFBGV4BTO4AI8uIIG3EETWkBAwgu8wpvz7Lw7H87nfHTNKXZOYAHO1y/3KpjY</latexit><latexit sha1_base64="82n5yQePOPlaYbZqO/hG9CnL3Ts=">AAACBnicbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPiCNZTKZtEMnM2FmIpTQvT/gVv/Anbj1N/wBv8Npm4VtPXDhcO693HtOmHKmjet+O2vrG5tb26Wd8u7e/sFh5ei4rWWmCG0RyaXqhlhTzgRtGWY47aaK4iTktBOObqf9zhNVmknxYMYpDRI8ECxmBBsr+YPHOsKoZyRy+5WqW3NnQKvEK0gVCjT7lZ9eJEmWUGEIx1r7npuaIMfKMMLppNzLNE0xGeEB9S0VOKE6yGcvT9C5VSIUS2VLGDRT/27kONF6nIR2MsFmqJd7U/G/np+Z+DrImUgzQwWZH4ozjqzFqX8UMUWJ4WNLMFHM/orIECtMjE1p4Yq2poY0mthgvOUYVkm7XvPcmnd/WW3cFBGV4BTO4AI8uIIG3EETWkBAwgu8wpvz7Lw7H87nfHTNKXZOYAHO1y/3KpjY</latexit><latexit sha1_base64="82n5yQePOPlaYbZqO/hG9CnL3Ts=">AAACBnicbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPiCNZTKZtEMnM2FmIpTQvT/gVv/Anbj1N/wBv8Npm4VtPXDhcO693HtOmHKmjet+O2vrG5tb26Wd8u7e/sFh5ei4rWWmCG0RyaXqhlhTzgRtGWY47aaK4iTktBOObqf9zhNVmknxYMYpDRI8ECxmBBsr+YPHOsKoZyRy+5WqW3NnQKvEK0gVCjT7lZ9eJEmWUGEIx1r7npuaIMfKMMLppNzLNE0xGeEB9S0VOKE6yGcvT9C5VSIUS2VLGDRT/27kONF6nIR2MsFmqJd7U/G/np+Z+DrImUgzQwWZH4ozjqzFqX8UMUWJ4WNLMFHM/orIECtMjE1p4Yq2poY0mthgvOUYVkm7XvPcmnd/WW3cFBGV4BTO4AI8uIIG3EETWkBAwgu8wpvz7Lw7H87nfHTNKXZOYAHO1y/3KpjY</latexit><latexit sha1_base64="82n5yQePOPlaYbZqO/hG9CnL3Ts=">AAACBnicbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPiCNZTKZtEMnM2FmIpTQvT/gVv/Anbj1N/wBv8Npm4VtPXDhcO693HtOmHKmjet+O2vrG5tb26Wd8u7e/sFh5ei4rWWmCG0RyaXqhlhTzgRtGWY47aaK4iTktBOObqf9zhNVmknxYMYpDRI8ECxmBBsr+YPHOsKoZyRy+5WqW3NnQKvEK0gVCjT7lZ9eJEmWUGEIx1r7npuaIMfKMMLppNzLNE0xGeEB9S0VOKE6yGcvT9C5VSIUS2VLGDRT/27kONF6nIR2MsFmqJd7U/G/np+Z+DrImUgzQwWZH4ozjqzFqX8UMUWJ4WNLMFHM/orIECtMjE1p4Yq2poY0mthgvOUYVkm7XvPcmnd/WW3cFBGV4BTO4AI8uIIG3EETWkBAwgu8wpvz7Lw7H87nfHTNKXZOYAHO1y/3KpjY</latexit>

Finite-size scaling/thermodynamic limit by changing g2`
<latexit sha1_base64="YMrmvypoLO2rPxwyEFl3Gl7xRmg=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkDbOzvcmQ2dllZlYIIUd/wKv+gTfx6of4A36Hk2QPJrGgoajqprsrSAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc1EmmGDZYIhLVDqhGwSU2DDcC26lCGgcCW8Hwduq3nlBpnsgHM0rRj2lf8ogzaqzU7j9WSReF6JXKbsWdgawSLydlyFHvlX66YcKyGKVhgmrd8dzU+GOqDGcCJ8VupjGlbEj72LFU0hi1P57dOyHnVglJlChb0pCZ+ndiTGOtR3FgO2NqBnrZm4r/eZ3MRNf+mMs0MyjZfFGUCWISMn2ehFwhM2JkCWWK21sJG1BFmbERLWzR9qkBhhMbjLccwyppViueW/HuL8u1mzyiApzCGVyAB1dQgzuoQwMYCHiBV3hznp1358P5nLeuOfnMCSzA+foFwrCYQw==</latexit><latexit sha1_base64="YMrmvypoLO2rPxwyEFl3Gl7xRmg=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkDbOzvcmQ2dllZlYIIUd/wKv+gTfx6of4A36Hk2QPJrGgoajqprsrSAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc1EmmGDZYIhLVDqhGwSU2DDcC26lCGgcCW8Hwduq3nlBpnsgHM0rRj2lf8ogzaqzU7j9WSReF6JXKbsWdgawSLydlyFHvlX66YcKyGKVhgmrd8dzU+GOqDGcCJ8VupjGlbEj72LFU0hi1P57dOyHnVglJlChb0pCZ+ndiTGOtR3FgO2NqBnrZm4r/eZ3MRNf+mMs0MyjZfFGUCWISMn2ehFwhM2JkCWWK21sJG1BFmbERLWzR9qkBhhMbjLccwyppViueW/HuL8u1mzyiApzCGVyAB1dQgzuoQwMYCHiBV3hznp1358P5nLeuOfnMCSzA+foFwrCYQw==</latexit><latexit sha1_base64="YMrmvypoLO2rPxwyEFl3Gl7xRmg=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkDbOzvcmQ2dllZlYIIUd/wKv+gTfx6of4A36Hk2QPJrGgoajqprsrSAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc1EmmGDZYIhLVDqhGwSU2DDcC26lCGgcCW8Hwduq3nlBpnsgHM0rRj2lf8ogzaqzU7j9WSReF6JXKbsWdgawSLydlyFHvlX66YcKyGKVhgmrd8dzU+GOqDGcCJ8VupjGlbEj72LFU0hi1P57dOyHnVglJlChb0pCZ+ndiTGOtR3FgO2NqBnrZm4r/eZ3MRNf+mMs0MyjZfFGUCWISMn2ehFwhM2JkCWWK21sJG1BFmbERLWzR9qkBhhMbjLccwyppViueW/HuL8u1mzyiApzCGVyAB1dQgzuoQwMYCHiBV3hznp1358P5nLeuOfnMCSzA+foFwrCYQw==</latexit><latexit sha1_base64="YMrmvypoLO2rPxwyEFl3Gl7xRmg=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHoxWME84BkDbOzvcmQ2dllZlYIIUd/wKv+gTfx6of4A36Hk2QPJrGgoajqprsrSAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc1EmmGDZYIhLVDqhGwSU2DDcC26lCGgcCW8Hwduq3nlBpnsgHM0rRj2lf8ogzaqzU7j9WSReF6JXKbsWdgawSLydlyFHvlX66YcKyGKVhgmrd8dzU+GOqDGcCJ8VupjGlbEj72LFU0hi1P57dOyHnVglJlChb0pCZ+ndiTGOtR3FgO2NqBnrZm4r/eZ3MRNf+mMs0MyjZfFGUCWISMn2ehFwhM2JkCWWK21sJG1BFmbERLWzR9qkBhhMbjLccwyppViueW/HuL8u1mzyiApzCGVyAB1dQgzuoQwMYCHiBV3hznp1358P5nLeuOfnMCSzA+foFwrCYQw==</latexit>

N = 2n
<latexit sha1_base64="36t8+Rb9vZtMSnSs1xXQ+0O1Y4k=">AAACAXicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6EUIevEkEcwDkiXMTnqTMbOzy8ysEEJO/oBX/QNv4tUv8Qf8DifJHkxiQUNR1U13V5AIro3rfjsrq2vrG5u5rfz2zu7efuHgsK7jVDGssVjEqhlQjYJLrBluBDYThTQKBDaCwc3Ebzyh0jyWD2aYoB/RnuQhZ9RYqX5HrkhZdgpFt+ROQZaJl5EiZKh2Cj/tbszSCKVhgmrd8tzE+COqDGcCx/l2qjGhbEB72LJU0gi1P5peOyanVumSMFa2pCFT9e/EiEZaD6PAdkbU9PWiNxH/81qpCS/9EZdJalCy2aIwFcTEZPI66XKFzIihJZQpbm8lrE8VZcYGNLdF26f62B3bYLzFGJZJvVzy3JJ3f16sXGcR5eAYTuAMPLiACtxCFWrA4BFe4BXenGfn3flwPmetK042cwRzcL5+AWz6luo=</latexit><latexit sha1_base64="36t8+Rb9vZtMSnSs1xXQ+0O1Y4k=">AAACAXicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6EUIevEkEcwDkiXMTnqTMbOzy8ysEEJO/oBX/QNv4tUv8Qf8DifJHkxiQUNR1U13V5AIro3rfjsrq2vrG5u5rfz2zu7efuHgsK7jVDGssVjEqhlQjYJLrBluBDYThTQKBDaCwc3Ebzyh0jyWD2aYoB/RnuQhZ9RYqX5HrkhZdgpFt+ROQZaJl5EiZKh2Cj/tbszSCKVhgmrd8tzE+COqDGcCx/l2qjGhbEB72LJU0gi1P5peOyanVumSMFa2pCFT9e/EiEZaD6PAdkbU9PWiNxH/81qpCS/9EZdJalCy2aIwFcTEZPI66XKFzIihJZQpbm8lrE8VZcYGNLdF26f62B3bYLzFGJZJvVzy3JJ3f16sXGcR5eAYTuAMPLiACtxCFWrA4BFe4BXenGfn3flwPmetK042cwRzcL5+AWz6luo=</latexit><latexit sha1_base64="36t8+Rb9vZtMSnSs1xXQ+0O1Y4k=">AAACAXicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6EUIevEkEcwDkiXMTnqTMbOzy8ysEEJO/oBX/QNv4tUv8Qf8DifJHkxiQUNR1U13V5AIro3rfjsrq2vrG5u5rfz2zu7efuHgsK7jVDGssVjEqhlQjYJLrBluBDYThTQKBDaCwc3Ebzyh0jyWD2aYoB/RnuQhZ9RYqX5HrkhZdgpFt+ROQZaJl5EiZKh2Cj/tbszSCKVhgmrd8tzE+COqDGcCx/l2qjGhbEB72LJU0gi1P5peOyanVumSMFa2pCFT9e/EiEZaD6PAdkbU9PWiNxH/81qpCS/9EZdJalCy2aIwFcTEZPI66XKFzIihJZQpbm8lrE8VZcYGNLdF26f62B3bYLzFGJZJvVzy3JJ3f16sXGcR5eAYTuAMPLiACtxCFWrA4BFe4BXenGfn3flwPmetK042cwRzcL5+AWz6luo=</latexit><latexit sha1_base64="36t8+Rb9vZtMSnSs1xXQ+0O1Y4k=">AAACAXicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6EUIevEkEcwDkiXMTnqTMbOzy8ysEEJO/oBX/QNv4tUv8Qf8DifJHkxiQUNR1U13V5AIro3rfjsrq2vrG5u5rfz2zu7efuHgsK7jVDGssVjEqhlQjYJLrBluBDYThTQKBDaCwc3Ebzyh0jyWD2aYoB/RnuQhZ9RYqX5HrkhZdgpFt+ROQZaJl5EiZKh2Cj/tbszSCKVhgmrd8tzE+COqDGcCx/l2qjGhbEB72LJU0gi1P5peOyanVumSMFa2pCFT9e/EiEZaD6PAdkbU9PWiNxH/81qpCS/9EZdJalCy2aIwFcTEZPI66XKFzIihJZQpbm8lrE8VZcYGNLdF26f62B3bYLzFGJZJvVzy3JJ3f16sXGcR5eAYTuAMPLiACtxCFWrA4BFe4BXenGfn3flwPmetK042cwRzcL5+AWz6luo=</latexit>
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<latexit sha1_base64="An1uOHVCSGB+f/y/bfU9huaUfok=">AAACAXicbVDLSsNAFL2pr1pfVZdugkVwVRIVdFl047KCfUAby2Ry046dTMLMRCihK3/Arf6BO3Hrl/gDfofTNgvbeuDC4Zx7ufceP+FMacf5tgorq2vrG8XN0tb2zu5eef+gqeJUUmzQmMey7ROFnAlsaKY5thOJJPI5tvzhzcRvPaFULBb3epSgF5G+YCGjRBup2UXOH8575YpTdaawl4mbkwrkqPfKP90gpmmEQlNOlOq4TqK9jEjNKMdxqZsqTAgdkj52DBUkQuVl02vH9olRAjuMpSmh7an6dyIjkVKjyDedEdEDtehNxP+8TqrDKy9jIkk1CjpbFKbc1rE9ed0OmESq+cgQQiUzt9p0QCSh2gQ0t0WZpwYYjE0w7mIMy6R5VnWdqnt3Uald5xEV4QiO4RRcuIQa3EIdGkDhEV7gFd6sZ+vd+rA+Z60FK585hDlYX7+gHJep</latexit><latexit sha1_base64="An1uOHVCSGB+f/y/bfU9huaUfok=">AAACAXicbVDLSsNAFL2pr1pfVZdugkVwVRIVdFl047KCfUAby2Ry046dTMLMRCihK3/Arf6BO3Hrl/gDfofTNgvbeuDC4Zx7ufceP+FMacf5tgorq2vrG8XN0tb2zu5eef+gqeJUUmzQmMey7ROFnAlsaKY5thOJJPI5tvzhzcRvPaFULBb3epSgF5G+YCGjRBup2UXOH8575YpTdaawl4mbkwrkqPfKP90gpmmEQlNOlOq4TqK9jEjNKMdxqZsqTAgdkj52DBUkQuVl02vH9olRAjuMpSmh7an6dyIjkVKjyDedEdEDtehNxP+8TqrDKy9jIkk1CjpbFKbc1rE9ed0OmESq+cgQQiUzt9p0QCSh2gQ0t0WZpwYYjE0w7mIMy6R5VnWdqnt3Uald5xEV4QiO4RRcuIQa3EIdGkDhEV7gFd6sZ+vd+rA+Z60FK585hDlYX7+gHJep</latexit><latexit sha1_base64="An1uOHVCSGB+f/y/bfU9huaUfok=">AAACAXicbVDLSsNAFL2pr1pfVZdugkVwVRIVdFl047KCfUAby2Ry046dTMLMRCihK3/Arf6BO3Hrl/gDfofTNgvbeuDC4Zx7ufceP+FMacf5tgorq2vrG8XN0tb2zu5eef+gqeJUUmzQmMey7ROFnAlsaKY5thOJJPI5tvzhzcRvPaFULBb3epSgF5G+YCGjRBup2UXOH8575YpTdaawl4mbkwrkqPfKP90gpmmEQlNOlOq4TqK9jEjNKMdxqZsqTAgdkj52DBUkQuVl02vH9olRAjuMpSmh7an6dyIjkVKjyDedEdEDtehNxP+8TqrDKy9jIkk1CjpbFKbc1rE9ed0OmESq+cgQQiUzt9p0QCSh2gQ0t0WZpwYYjE0w7mIMy6R5VnWdqnt3Uald5xEV4QiO4RRcuIQa3EIdGkDhEV7gFd6sZ+vd+rA+Z60FK585hDlYX7+gHJep</latexit><latexit sha1_base64="An1uOHVCSGB+f/y/bfU9huaUfok=">AAACAXicbVDLSsNAFL2pr1pfVZdugkVwVRIVdFl047KCfUAby2Ry046dTMLMRCihK3/Arf6BO3Hrl/gDfofTNgvbeuDC4Zx7ufceP+FMacf5tgorq2vrG8XN0tb2zu5eef+gqeJUUmzQmMey7ROFnAlsaKY5thOJJPI5tvzhzcRvPaFULBb3epSgF5G+YCGjRBup2UXOH8575YpTdaawl4mbkwrkqPfKP90gpmmEQlNOlOq4TqK9jEjNKMdxqZsqTAgdkj52DBUkQuVl02vH9olRAjuMpSmh7an6dyIjkVKjyDedEdEDtehNxP+8TqrDKy9jIkk1CjpbFKbc1rE9ed0OmESq+cgQQiUzt9p0QCSh2gQ0t0WZpwYYjE0w7mIMy6R5VnWdqnt3Uald5xEV4QiO4RRcuIQa3EIdGkDhEV7gFd6sZ+vd+rA+Z60FK585hDlYX7+gHJep</latexit>
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<latexit sha1_base64="X2QpBaH68X8Floo1ygZ2oZD0bWA=">AAACMHicbVDLSgMxFM34rO+qSzfBIrSbMqOCLotu3FnBqtApJZPeaUMzmSG5I5ahH+Jv+ANu9Q90JW5c+BWmD9C2HggczjmXm3uCRAqDrvvuzM0vLC4t51ZW19Y3Nrfy2zs3Jk41hxqPZazvAmZACgU1FCjhLtHAokDCbdA9H/i396CNiNU19hJoRKytRCg4Qys180e+hBB9yVRbAs18ziS97Bfd0i9/KFFfi3YHfT1KNfMFt+wOQWeJNyYFMka1mf/yWzFPI1DIJTOm7rkJNjKmUXAJ/VU/NZAw3mVtqFuqWASmkQ2P69MDq7RoGGv7FNKh+nciY5ExvSiwyYhhx0x7A/E/r55ieNrIhEpSBMVHi8JUUozpoCnaEho4yp4ljGth/0p5h2nG0fY5scXYozrQ6ttivOkaZsnNYdlzy97VcaFyNq4oR/bIPikSj5yQCrkgVVIjnDySZ/JCXp0n5835cD5H0TlnPLNLJuB8/wBf+qlH</latexit><latexit sha1_base64="X2QpBaH68X8Floo1ygZ2oZD0bWA=">AAACMHicbVDLSgMxFM34rO+qSzfBIrSbMqOCLotu3FnBqtApJZPeaUMzmSG5I5ahH+Jv+ANu9Q90JW5c+BWmD9C2HggczjmXm3uCRAqDrvvuzM0vLC4t51ZW19Y3Nrfy2zs3Jk41hxqPZazvAmZACgU1FCjhLtHAokDCbdA9H/i396CNiNU19hJoRKytRCg4Qys180e+hBB9yVRbAs18ziS97Bfd0i9/KFFfi3YHfT1KNfMFt+wOQWeJNyYFMka1mf/yWzFPI1DIJTOm7rkJNjKmUXAJ/VU/NZAw3mVtqFuqWASmkQ2P69MDq7RoGGv7FNKh+nciY5ExvSiwyYhhx0x7A/E/r55ieNrIhEpSBMVHi8JUUozpoCnaEho4yp4ljGth/0p5h2nG0fY5scXYozrQ6ttivOkaZsnNYdlzy97VcaFyNq4oR/bIPikSj5yQCrkgVVIjnDySZ/JCXp0n5835cD5H0TlnPLNLJuB8/wBf+qlH</latexit><latexit sha1_base64="X2QpBaH68X8Floo1ygZ2oZD0bWA=">AAACMHicbVDLSgMxFM34rO+qSzfBIrSbMqOCLotu3FnBqtApJZPeaUMzmSG5I5ahH+Jv+ANu9Q90JW5c+BWmD9C2HggczjmXm3uCRAqDrvvuzM0vLC4t51ZW19Y3Nrfy2zs3Jk41hxqPZazvAmZACgU1FCjhLtHAokDCbdA9H/i396CNiNU19hJoRKytRCg4Qys180e+hBB9yVRbAs18ziS97Bfd0i9/KFFfi3YHfT1KNfMFt+wOQWeJNyYFMka1mf/yWzFPI1DIJTOm7rkJNjKmUXAJ/VU/NZAw3mVtqFuqWASmkQ2P69MDq7RoGGv7FNKh+nciY5ExvSiwyYhhx0x7A/E/r55ieNrIhEpSBMVHi8JUUozpoCnaEho4yp4ljGth/0p5h2nG0fY5scXYozrQ6ttivOkaZsnNYdlzy97VcaFyNq4oR/bIPikSj5yQCrkgVVIjnDySZ/JCXp0n5835cD5H0TlnPLNLJuB8/wBf+qlH</latexit><latexit sha1_base64="X2QpBaH68X8Floo1ygZ2oZD0bWA=">AAACMHicbVDLSgMxFM34rO+qSzfBIrSbMqOCLotu3FnBqtApJZPeaUMzmSG5I5ahH+Jv+ANu9Q90JW5c+BWmD9C2HggczjmXm3uCRAqDrvvuzM0vLC4t51ZW19Y3Nrfy2zs3Jk41hxqPZazvAmZACgU1FCjhLtHAokDCbdA9H/i396CNiNU19hJoRKytRCg4Qys180e+hBB9yVRbAs18ziS97Bfd0i9/KFFfi3YHfT1KNfMFt+wOQWeJNyYFMka1mf/yWzFPI1DIJTOm7rkJNjKmUXAJ/VU/NZAw3mVtqFuqWASmkQ2P69MDq7RoGGv7FNKh+nciY5ExvSiwyYhhx0x7A/E/r55ieNrIhEpSBMVHi8JUUozpoCnaEho4yp4ljGth/0p5h2nG0fY5scXYozrQ6ttivOkaZsnNYdlzy97VcaFyNq4oR/bIPikSj5yQCrkgVVIjnDySZ/JCXp0n5835cD5H0TlnPLNLJuB8/wBf+qlH</latexit>
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<latexit sha1_base64="d8KcX9t5Ipdv8Bp4llUNVgk4PCk=">AAACB3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAJZTKZtEMnM2HmRgxpP8AfcKt/4E7c+hn+gN/htM3Cth64cDjnXu69J0g40+A431ZpbX1jc6u8XdnZ3ds/qB4etbVMFaEtIrlU3QBrypmgLWDAaTdRFMcBp51gdDv1O49UaSbFA2QJ9WM8ECxiBIORvPHT2APpMRFB1q/WnLozg71K3ILUUIFmv/rjhZKkMRVAONa65zoJ+DlWwAink4qXappgMsID2jNU4JhqP5/dPLHPjBLakVSmBNgz9e9EjmOtszgwnTGGoV72puJ/Xi+F6NrPmUhSoILMF0Upt0Ha0wDskClKgGeGYKKYudUmQ6wwARPTwhZtnhrScGKCcZdjWCXti7rr1N37y1rjpoiojE7QKTpHLrpCDXSHmqiFCErQC3pFb9az9W59WJ/z1pJVzByjBVhfv29OmvA=</latexit><latexit sha1_base64="d8KcX9t5Ipdv8Bp4llUNVgk4PCk=">AAACB3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAJZTKZtEMnM2HmRgxpP8AfcKt/4E7c+hn+gN/htM3Cth64cDjnXu69J0g40+A431ZpbX1jc6u8XdnZ3ds/qB4etbVMFaEtIrlU3QBrypmgLWDAaTdRFMcBp51gdDv1O49UaSbFA2QJ9WM8ECxiBIORvPHT2APpMRFB1q/WnLozg71K3ILUUIFmv/rjhZKkMRVAONa65zoJ+DlWwAink4qXappgMsID2jNU4JhqP5/dPLHPjBLakVSmBNgz9e9EjmOtszgwnTGGoV72puJ/Xi+F6NrPmUhSoILMF0Upt0Ha0wDskClKgGeGYKKYudUmQ6wwARPTwhZtnhrScGKCcZdjWCXti7rr1N37y1rjpoiojE7QKTpHLrpCDXSHmqiFCErQC3pFb9az9W59WJ/z1pJVzByjBVhfv29OmvA=</latexit><latexit sha1_base64="d8KcX9t5Ipdv8Bp4llUNVgk4PCk=">AAACB3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAJZTKZtEMnM2HmRgxpP8AfcKt/4E7c+hn+gN/htM3Cth64cDjnXu69J0g40+A431ZpbX1jc6u8XdnZ3ds/qB4etbVMFaEtIrlU3QBrypmgLWDAaTdRFMcBp51gdDv1O49UaSbFA2QJ9WM8ECxiBIORvPHT2APpMRFB1q/WnLozg71K3ILUUIFmv/rjhZKkMRVAONa65zoJ+DlWwAink4qXappgMsID2jNU4JhqP5/dPLHPjBLakVSmBNgz9e9EjmOtszgwnTGGoV72puJ/Xi+F6NrPmUhSoILMF0Upt0Ha0wDskClKgGeGYKKYudUmQ6wwARPTwhZtnhrScGKCcZdjWCXti7rr1N37y1rjpoiojE7QKTpHLrpCDXSHmqiFCErQC3pFb9az9W59WJ/z1pJVzByjBVhfv29OmvA=</latexit><latexit sha1_base64="d8KcX9t5Ipdv8Bp4llUNVgk4PCk=">AAACB3icbVDLSsNAFJ3UV62vqks3wSK4KokIuiy6cVnBPqAJZTKZtEMnM2HmRgxpP8AfcKt/4E7c+hn+gN/htM3Cth64cDjnXu69J0g40+A431ZpbX1jc6u8XdnZ3ds/qB4etbVMFaEtIrlU3QBrypmgLWDAaTdRFMcBp51gdDv1O49UaSbFA2QJ9WM8ECxiBIORvPHT2APpMRFB1q/WnLozg71K3ILUUIFmv/rjhZKkMRVAONa65zoJ+DlWwAink4qXappgMsID2jNU4JhqP5/dPLHPjBLakVSmBNgz9e9EjmOtszgwnTGGoV72puJ/Xi+F6NrPmUhSoILMF0Upt0Ha0wDskClKgGeGYKKYudUmQ6wwARPTwhZtnhrScGKCcZdjWCXti7rr1N37y1rjpoiojE7QKTpHLrpCDXSHmqiFCErQC3pFb9az9W59WJ/z1pJVzByjBVhfv29OmvA=</latexit>

IR limit: for correlators
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<latexit sha1_base64="486Rj751xrcbTD+sGzQNJiC2k1U="></latexit><latexit sha1_base64="486Rj751xrcbTD+sGzQNJiC2k1U="></latexit><latexit sha1_base64="486Rj751xrcbTD+sGzQNJiC2k1U="></latexit><latexit sha1_base64="486Rj751xrcbTD+sGzQNJiC2k1U="></latexit>

+ 4-Fermi+…



Why large-N infrared fixed point exists 

Large-N  
IR-FP

UV-FP 
(Gaussian)
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<latexit sha1_base64="XtWyPp+fmyWqwOdLUiJeGTnoaog=">AAACGHicbZDLSsNAFIYn9VbrLeqym8EiuCpJKeiyKIjLCvYCTRomk0k7dDIJMxOhhCx8DV/Arb6BO3HrzhfwOZy2WdjWHwZ+/nMOZ87nJ4xKZVnfRmljc2t7p7xb2ds/ODwyj0+6Mk4FJh0cs1j0fSQJo5x0FFWM9BNBUOQz0vMnN7N675EISWP+oKYJcSM04jSkGCkdeWbVCQXCmZ1nzdGwkcNbL3Oi1OFpPmx4Zs2qW3PBdWMXpgYKtT3zxwlinEaEK8yQlAPbSpSbIaEoZiSvOKkkCcITNCIDbTmKiHSz+RE5PNdJAMNY6McVnKd/JzIUSTmNfN0ZITWWq7VZ+F9tkKrwys0oT1JFOF4sClMGVQxnRGBABcGKTbVBWFD9V4jHSFNRmtvSFqmPGpMg12DsVQzrptuo21bdvm/WWtcFojKogjNwAWxwCVrgDrRBB2DwBF7AK3gzno1348P4XLSWjGLmFCzJ+PoFN+2gkA==</latexit><latexit sha1_base64="XtWyPp+fmyWqwOdLUiJeGTnoaog=">AAACGHicbZDLSsNAFIYn9VbrLeqym8EiuCpJKeiyKIjLCvYCTRomk0k7dDIJMxOhhCx8DV/Arb6BO3HrzhfwOZy2WdjWHwZ+/nMOZ87nJ4xKZVnfRmljc2t7p7xb2ds/ODwyj0+6Mk4FJh0cs1j0fSQJo5x0FFWM9BNBUOQz0vMnN7N675EISWP+oKYJcSM04jSkGCkdeWbVCQXCmZ1nzdGwkcNbL3Oi1OFpPmx4Zs2qW3PBdWMXpgYKtT3zxwlinEaEK8yQlAPbSpSbIaEoZiSvOKkkCcITNCIDbTmKiHSz+RE5PNdJAMNY6McVnKd/JzIUSTmNfN0ZITWWq7VZ+F9tkKrwys0oT1JFOF4sClMGVQxnRGBABcGKTbVBWFD9V4jHSFNRmtvSFqmPGpMg12DsVQzrptuo21bdvm/WWtcFojKogjNwAWxwCVrgDrRBB2DwBF7AK3gzno1348P4XLSWjGLmFCzJ+PoFN+2gkA==</latexit><latexit sha1_base64="XtWyPp+fmyWqwOdLUiJeGTnoaog=">AAACGHicbZDLSsNAFIYn9VbrLeqym8EiuCpJKeiyKIjLCvYCTRomk0k7dDIJMxOhhCx8DV/Arb6BO3HrzhfwOZy2WdjWHwZ+/nMOZ87nJ4xKZVnfRmljc2t7p7xb2ds/ODwyj0+6Mk4FJh0cs1j0fSQJo5x0FFWM9BNBUOQz0vMnN7N675EISWP+oKYJcSM04jSkGCkdeWbVCQXCmZ1nzdGwkcNbL3Oi1OFpPmx4Zs2qW3PBdWMXpgYKtT3zxwlinEaEK8yQlAPbSpSbIaEoZiSvOKkkCcITNCIDbTmKiHSz+RE5PNdJAMNY6McVnKd/JzIUSTmNfN0ZITWWq7VZ+F9tkKrwys0oT1JFOF4sClMGVQxnRGBABcGKTbVBWFD9V4jHSFNRmtvSFqmPGpMg12DsVQzrptuo21bdvm/WWtcFojKogjNwAWxwCVrgDrRBB2DwBF7AK3gzno1348P4XLSWjGLmFCzJ+PoFN+2gkA==</latexit><latexit sha1_base64="XtWyPp+fmyWqwOdLUiJeGTnoaog=">AAACGHicbZDLSsNAFIYn9VbrLeqym8EiuCpJKeiyKIjLCvYCTRomk0k7dDIJMxOhhCx8DV/Arb6BO3HrzhfwOZy2WdjWHwZ+/nMOZ87nJ4xKZVnfRmljc2t7p7xb2ds/ODwyj0+6Mk4FJh0cs1j0fSQJo5x0FFWM9BNBUOQz0vMnN7N675EISWP+oKYJcSM04jSkGCkdeWbVCQXCmZ1nzdGwkcNbL3Oi1OFpPmx4Zs2qW3PBdWMXpgYKtT3zxwlinEaEK8yQlAPbSpSbIaEoZiSvOKkkCcITNCIDbTmKiHSz+RE5PNdJAMNY6McVnKd/JzIUSTmNfN0ZITWWq7VZ+F9tkKrwys0oT1JFOF4sClMGVQxnRGBABcGKTbVBWFD9V4jHSFNRmtvSFqmPGpMg12DsVQzrptuo21bdvm/WWtcFojKogjNwAWxwCVrgDrRBB2DwBF7AK3gzno1348P4XLSWjGLmFCzJ+PoFN+2gkA==</latexit>

UV gauge-action

Fermion-induced conformal gauge-action gets dominant
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<latexit sha1_base64="KfcKBwoA2VN6d90nP4w+UZ62tNE="></latexit><latexit sha1_base64="KfcKBwoA2VN6d90nP4w+UZ62tNE="></latexit><latexit sha1_base64="KfcKBwoA2VN6d90nP4w+UZ62tNE="></latexit><latexit sha1_base64="KfcKBwoA2VN6d90nP4w+UZ62tNE="></latexit>

(Appelquist et al, 85)



Characterizing the UV-to-IR flow

|⇡i
<latexit sha1_base64="XcGf5cVJ7ekoKDI8D1TdjHS2MU4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbSbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3Q2ZACgUtFCihm2pgcSihE45vZ37nEbQRiXrASQpBzIZKRIIztFLvyU+Fr5kaSuhXa27dnYOuEq8gNVKg2a9++YOEZzEo5JIZ0/PcFIOcaRRcwrTiZwZSxsdsCD1LFYvBBPn85Ck9s8qARom2pZDO1d8TOYuNmcSh7YwZjsyyNxP/83oZRtdBLlSaISi+WBRlkmJCZ//TgdDAUU4sYVwLeyvlI6YZR5tSxYbgLb+8StoXdc+te/eXtcZNEUeZnJBTck48ckUa5I40SYtwkpBn8kreHHRenHfnY9FacoqZY/IHzucPlAiRbg==</latexit><latexit sha1_base64="XcGf5cVJ7ekoKDI8D1TdjHS2MU4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbSbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3Q2ZACgUtFCihm2pgcSihE45vZ37nEbQRiXrASQpBzIZKRIIztFLvyU+Fr5kaSuhXa27dnYOuEq8gNVKg2a9++YOEZzEo5JIZ0/PcFIOcaRRcwrTiZwZSxsdsCD1LFYvBBPn85Ck9s8qARom2pZDO1d8TOYuNmcSh7YwZjsyyNxP/83oZRtdBLlSaISi+WBRlkmJCZ//TgdDAUU4sYVwLeyvlI6YZR5tSxYbgLb+8StoXdc+te/eXtcZNEUeZnJBTck48ckUa5I40SYtwkpBn8kreHHRenHfnY9FacoqZY/IHzucPlAiRbg==</latexit><latexit sha1_base64="XcGf5cVJ7ekoKDI8D1TdjHS2MU4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbSbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3Q2ZACgUtFCihm2pgcSihE45vZ37nEbQRiXrASQpBzIZKRIIztFLvyU+Fr5kaSuhXa27dnYOuEq8gNVKg2a9++YOEZzEo5JIZ0/PcFIOcaRRcwrTiZwZSxsdsCD1LFYvBBPn85Ck9s8qARom2pZDO1d8TOYuNmcSh7YwZjsyyNxP/83oZRtdBLlSaISi+WBRlkmJCZ//TgdDAUU4sYVwLeyvlI6YZR5tSxYbgLb+8StoXdc+te/eXtcZNEUeZnJBTck48ckUa5I40SYtwkpBn8kreHHRenHfnY9FacoqZY/IHzucPlAiRbg==</latexit><latexit sha1_base64="XcGf5cVJ7ekoKDI8D1TdjHS2MU4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbSbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3Q2ZACgUtFCihm2pgcSihE45vZ37nEbQRiXrASQpBzIZKRIIztFLvyU+Fr5kaSuhXa27dnYOuEq8gNVKg2a9++YOEZzEo5JIZ0/PcFIOcaRRcwrTiZwZSxsdsCD1LFYvBBPn85Ck9s8qARom2pZDO1d8TOYuNmcSh7YwZjsyyNxP/83oZRtdBLlSaISi+WBRlkmJCZ//TgdDAUU4sYVwLeyvlI6YZR5tSxYbgLb+8StoXdc+te/eXtcZNEUeZnJBTck48ckUa5I40SYtwkpBn8kreHHRenHfnY9FacoqZY/IHzucPlAiRbg==</latexit>

|pi
<latexit sha1_base64="1GohGf7wRnE6acbAQSoox1aUdaM=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEpyhL3NXLJkd+/Y3RNCzK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTDBssEYm+j6hBwRU2LLcC71ONVEYCW9Hweuq3HlEbnqg7O0oxlLSveMwZtU56eEo7mqq+wG654lf9GcgyCXJSgRz1bvmr00tYJlFZJqgx7cBPbTim2nImcFLqZAZTyoa0j21HFZVowvHs4Ak5cUqPxIl2pSyZqb8nxlQaM5KR65TUDsyiNxX/89qZjS/DMVdpZlGx+aI4E8QmZPo96XGNzIqRI5Rp7m4lbEA1ZdZlVHIhBIsvL5PmWTXwq8HteaV2lcdRhCM4hlMI4AJqcAN1aAADCc/wCm+e9l68d+9j3lrw8plD+APv8wcX+JCV</latexit><latexit sha1_base64="1GohGf7wRnE6acbAQSoox1aUdaM=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEpyhL3NXLJkd+/Y3RNCzK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTDBssEYm+j6hBwRU2LLcC71ONVEYCW9Hweuq3HlEbnqg7O0oxlLSveMwZtU56eEo7mqq+wG654lf9GcgyCXJSgRz1bvmr00tYJlFZJqgx7cBPbTim2nImcFLqZAZTyoa0j21HFZVowvHs4Ak5cUqPxIl2pSyZqb8nxlQaM5KR65TUDsyiNxX/89qZjS/DMVdpZlGx+aI4E8QmZPo96XGNzIqRI5Rp7m4lbEA1ZdZlVHIhBIsvL5PmWTXwq8HteaV2lcdRhCM4hlMI4AJqcAN1aAADCc/wCm+e9l68d+9j3lrw8plD+APv8wcX+JCV</latexit><latexit sha1_base64="1GohGf7wRnE6acbAQSoox1aUdaM=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEpyhL3NXLJkd+/Y3RNCzK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTDBssEYm+j6hBwRU2LLcC71ONVEYCW9Hweuq3HlEbnqg7O0oxlLSveMwZtU56eEo7mqq+wG654lf9GcgyCXJSgRz1bvmr00tYJlFZJqgx7cBPbTim2nImcFLqZAZTyoa0j21HFZVowvHs4Ak5cUqPxIl2pSyZqb8nxlQaM5KR65TUDsyiNxX/89qZjS/DMVdpZlGx+aI4E8QmZPo96XGNzIqRI5Rp7m4lbEA1ZdZlVHIhBIsvL5PmWTXwq8HteaV2lcdRhCM4hlMI4AJqcAN1aAADCc/wCm+e9l68d+9j3lrw8plD+APv8wcX+JCV</latexit><latexit sha1_base64="1GohGf7wRnE6acbAQSoox1aUdaM=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEpyhL3NXLJkd+/Y3RNCzK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTDBssEYm+j6hBwRU2LLcC71ONVEYCW9Hweuq3HlEbnqg7O0oxlLSveMwZtU56eEo7mqq+wG654lf9GcgyCXJSgRz1bvmr00tYJlFZJqgx7cBPbTim2nImcFLqZAZTyoa0j21HFZVowvHs4Ak5cUqPxIl2pSyZqb8nxlQaM5KR65TUDsyiNxX/89qZjS/DMVdpZlGx+aI4E8QmZPo96XGNzIqRI5Rp7m4lbEA1ZdZlVHIhBIsvL5PmWTXwq8HteaV2lcdRhCM4hlMI4AJqcAN1aAADCc/wCm+e9l68d+9j3lrw8plD+APv8wcX+JCV</latexit>

. 

. 

Large-N 
IR-FP

O
<latexit sha1_base64="TPQtdPpVVIwQDksF20IEdRJ/ngo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRizcr2A9oQ9lsN+3SzSbdnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c781hPXRsTqEScJ9yM6UCIUjKKV2lmXUUnup71yxa26c5BV4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFrqpoYnlI3ogHcsVTTixs/m907JmVX6JIy1LYVkrv6eyGhkzCQKbGdEcWiWvZn4n9dJMbz2M6GSFLlii0VhKgnGZPY86QvNGcqJJZRpYW8lbEg1ZWgjKtkQvOWXV0nzouq5Ve/hslK7yeMowgmcwjl4cAU1uIM6NICBhGd4hTdn7Lw4787HorXg5DPH8AfO5w+2IY+9</latexit><latexit sha1_base64="TPQtdPpVVIwQDksF20IEdRJ/ngo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRizcr2A9oQ9lsN+3SzSbdnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c781hPXRsTqEScJ9yM6UCIUjKKV2lmXUUnup71yxa26c5BV4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFrqpoYnlI3ogHcsVTTixs/m907JmVX6JIy1LYVkrv6eyGhkzCQKbGdEcWiWvZn4n9dJMbz2M6GSFLlii0VhKgnGZPY86QvNGcqJJZRpYW8lbEg1ZWgjKtkQvOWXV0nzouq5Ve/hslK7yeMowgmcwjl4cAU1uIM6NICBhGd4hTdn7Lw4787HorXg5DPH8AfO5w+2IY+9</latexit><latexit sha1_base64="TPQtdPpVVIwQDksF20IEdRJ/ngo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRizcr2A9oQ9lsN+3SzSbdnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c781hPXRsTqEScJ9yM6UCIUjKKV2lmXUUnup71yxa26c5BV4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFrqpoYnlI3ogHcsVTTixs/m907JmVX6JIy1LYVkrv6eyGhkzCQKbGdEcWiWvZn4n9dJMbz2M6GSFLlii0VhKgnGZPY86QvNGcqJJZRpYW8lbEg1ZWgjKtkQvOWXV0nzouq5Ve/hslK7yeMowgmcwjl4cAU1uIM6NICBhGd4hTdn7Lw4787HorXg5DPH8AfO5w+2IY+9</latexit><latexit sha1_base64="TPQtdPpVVIwQDksF20IEdRJ/ngo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRizcr2A9oQ9lsN+3SzSbdnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3c781hPXRsTqEScJ9yM6UCIUjKKV2lmXUUnup71yxa26c5BV4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFrqpoYnlI3ogHcsVTTixs/m907JmVX6JIy1LYVkrv6eyGhkzCQKbGdEcWiWvZn4n9dJMbz2M6GSFLlii0VhKgnGZPY86QvNGcqJJZRpYW8lbEg1ZWgjKtkQvOWXV0nzouq5Ve/hslK7yeMowgmcwjl4cAU1uIM6NICBhGd4hTdn7Lw4787HorXg5DPH8AfO5w+2IY+9</latexit>

A higher-dimensional  
operator      becomes relevant at IRFP

UV-FP 
(Gaussian)

pertu
rbatio

n th
eory 

 

around UV-FP breaks

|vaci
<latexit sha1_base64="LMNVVB2LT7KCglgK0C+FSeW384E=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE0GPRi8cK9gPaUDbbSbt0swm7k9IS+1e8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFco+t+W4WNza3tneJuaW//4PDIPi43dZwqBg0Wi1i1A6pBcAkN5CignSigUSCgFYzu5n5rDErzWD7iNAE/ogPJQ84oGqlnl5+6CBPMxpTNuorKgYCeXXGr7gLOOvFyUiE56j37q9uPWRqBRCao1h3PTdDPqELOBMxK3VRDQtmIDqBjqKQRaD9b3D5zzo3Sd8JYmZLoLNTfExmNtJ5GgemMKA71qjcX//M6KYY3fsZlkiJItlwUpsLB2JkH4fS5AoZiaghliptbHTakijI0cZVMCN7qy+ukeVn13Kr3cFWp3eZxFMkpOSMXxCPXpEbuSZ00CCMT8kxeyZs1s16sd+tj2Vqw8pkT8gfW5w/0EpUD</latexit><latexit sha1_base64="LMNVVB2LT7KCglgK0C+FSeW384E=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE0GPRi8cK9gPaUDbbSbt0swm7k9IS+1e8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFco+t+W4WNza3tneJuaW//4PDIPi43dZwqBg0Wi1i1A6pBcAkN5CignSigUSCgFYzu5n5rDErzWD7iNAE/ogPJQ84oGqlnl5+6CBPMxpTNuorKgYCeXXGr7gLOOvFyUiE56j37q9uPWRqBRCao1h3PTdDPqELOBMxK3VRDQtmIDqBjqKQRaD9b3D5zzo3Sd8JYmZLoLNTfExmNtJ5GgemMKA71qjcX//M6KYY3fsZlkiJItlwUpsLB2JkH4fS5AoZiaghliptbHTakijI0cZVMCN7qy+ukeVn13Kr3cFWp3eZxFMkpOSMXxCPXpEbuSZ00CCMT8kxeyZs1s16sd+tj2Vqw8pkT8gfW5w/0EpUD</latexit><latexit sha1_base64="LMNVVB2LT7KCglgK0C+FSeW384E=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE0GPRi8cK9gPaUDbbSbt0swm7k9IS+1e8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFco+t+W4WNza3tneJuaW//4PDIPi43dZwqBg0Wi1i1A6pBcAkN5CignSigUSCgFYzu5n5rDErzWD7iNAE/ogPJQ84oGqlnl5+6CBPMxpTNuorKgYCeXXGr7gLOOvFyUiE56j37q9uPWRqBRCao1h3PTdDPqELOBMxK3VRDQtmIDqBjqKQRaD9b3D5zzo3Sd8JYmZLoLNTfExmNtJ5GgemMKA71qjcX//M6KYY3fsZlkiJItlwUpsLB2JkH4fS5AoZiaghliptbHTakijI0cZVMCN7qy+ukeVn13Kr3cFWp3eZxFMkpOSMXxCPXpEbuSZ00CCMT8kxeyZs1s16sd+tj2Vqw8pkT8gfW5w/0EpUD</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="rxRlzmmKe994ljWbCvN22/GtVnA=">AAAB8HicbZBLSwMxFIXv1FetVcdu3QwWwVWZcaNLwY3LCvYBnVIy6W0bmskMyZ3SMvavuHGhiL/Gnf/G9LHQ1gOBj3MS7s2JUikM+f63U9jZ3ds/KB6WjsrHJ6fuWblpkkxzbPBEJrodMYNSKGyQIIntVCOLI4mtaHy/yFsT1EYk6olmKXZjNlRiIDgja/XcynNIOKV8wvg81EwNJfbcql/zl/K2IVhDFdaq99yvsJ/wLEZFXDJjOoGfUjdnmgSXOC+FmcGU8TEbYseiYjGabr7cfe5dWqfvDRJtjyJv6f5+kbPYmFkc2Zsxo5HZzBbmf1kno8FtNxcqzQgVXw0aZNKjxFsU4fWFRk5yZoFxLeyuHh8xzTjZukq2hGDzy9vQvK4Ffi149KEI53ABVxDADdzBA9ShARym8AJv8O7MnVfnY1VXwVn3VoE/cj5/AIqJk50=</latexit><latexit sha1_base64="rxRlzmmKe994ljWbCvN22/GtVnA=">AAAB8HicbZBLSwMxFIXv1FetVcdu3QwWwVWZcaNLwY3LCvYBnVIy6W0bmskMyZ3SMvavuHGhiL/Gnf/G9LHQ1gOBj3MS7s2JUikM+f63U9jZ3ds/KB6WjsrHJ6fuWblpkkxzbPBEJrodMYNSKGyQIIntVCOLI4mtaHy/yFsT1EYk6olmKXZjNlRiIDgja/XcynNIOKV8wvg81EwNJfbcql/zl/K2IVhDFdaq99yvsJ/wLEZFXDJjOoGfUjdnmgSXOC+FmcGU8TEbYseiYjGabr7cfe5dWqfvDRJtjyJv6f5+kbPYmFkc2Zsxo5HZzBbmf1kno8FtNxcqzQgVXw0aZNKjxFsU4fWFRk5yZoFxLeyuHh8xzTjZukq2hGDzy9vQvK4Ffi149KEI53ABVxDADdzBA9ShARym8AJv8O7MnVfnY1VXwVn3VoE/cj5/AIqJk50=</latexit><latexit sha1_base64="Kjewa2j7Zkh4PLr0sRAT5vA03G4=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokXPRa9eKxgP6ANZbOdtEs3m7A7KS0xf8WLB0W8+ke8+W/ctjlo64OBx3szzMwLEsE1uu63tbG5tb2zW9or7x8cHh3bJ5WWjlPFoMliEatOQDUILqGJHAV0EgU0CgS0g/Hd3G9PQGkey0ecJeBHdCh5yBlFI/XtylMPYYrZhLK8p6gcCujbVbfmLuCsE68gVVKg0be/eoOYpRFIZIJq3fXcBP2MKuRMQF7upRoSysZ0CF1DJY1A+9ni9ty5MMrACWNlSqKzUH9PZDTSehYFpjOiONKr3lz8z+umGN74GZdJiiDZclGYCgdjZx6EM+AKGIqZIZQpbm512IgqytDEVTYheKsvr5PWVc1za96DW63fFnGUyBk5J5fEI9ekTu5JgzQJI1PyTF7Jm5VbL9a79bFs3bCKmVPyB9bnD/LSlP8=</latexit><latexit sha1_base64="LMNVVB2LT7KCglgK0C+FSeW384E=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE0GPRi8cK9gPaUDbbSbt0swm7k9IS+1e8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFco+t+W4WNza3tneJuaW//4PDIPi43dZwqBg0Wi1i1A6pBcAkN5CignSigUSCgFYzu5n5rDErzWD7iNAE/ogPJQ84oGqlnl5+6CBPMxpTNuorKgYCeXXGr7gLOOvFyUiE56j37q9uPWRqBRCao1h3PTdDPqELOBMxK3VRDQtmIDqBjqKQRaD9b3D5zzo3Sd8JYmZLoLNTfExmNtJ5GgemMKA71qjcX//M6KYY3fsZlkiJItlwUpsLB2JkH4fS5AoZiaghliptbHTakijI0cZVMCN7qy+ukeVn13Kr3cFWp3eZxFMkpOSMXxCPXpEbuSZ00CCMT8kxeyZs1s16sd+tj2Vqw8pkT8gfW5w/0EpUD</latexit><latexit sha1_base64="LMNVVB2LT7KCglgK0C+FSeW384E=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE0GPRi8cK9gPaUDbbSbt0swm7k9IS+1e8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFco+t+W4WNza3tneJuaW//4PDIPi43dZwqBg0Wi1i1A6pBcAkN5CignSigUSCgFYzu5n5rDErzWD7iNAE/ogPJQ84oGqlnl5+6CBPMxpTNuorKgYCeXXGr7gLOOvFyUiE56j37q9uPWRqBRCao1h3PTdDPqELOBMxK3VRDQtmIDqBjqKQRaD9b3D5zzo3Sd8JYmZLoLNTfExmNtJ5GgemMKA71qjcX//M6KYY3fsZlkiJItlwUpsLB2JkH4fS5AoZiaghliptbHTakijI0cZVMCN7qy+ukeVn13Kr3cFWp3eZxFMkpOSMXxCPXpEbuSZ00CCMT8kxeyZs1s16sd+tj2Vqw8pkT8gfW5w/0EpUD</latexit><latexit sha1_base64="LMNVVB2LT7KCglgK0C+FSeW384E=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE0GPRi8cK9gPaUDbbSbt0swm7k9IS+1e8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFco+t+W4WNza3tneJuaW//4PDIPi43dZwqBg0Wi1i1A6pBcAkN5CignSigUSCgFYzu5n5rDErzWD7iNAE/ogPJQ84oGqlnl5+6CBPMxpTNuorKgYCeXXGr7gLOOvFyUiE56j37q9uPWRqBRCao1h3PTdDPqELOBMxK3VRDQtmIDqBjqKQRaD9b3D5zzo3Sd8JYmZLoLNTfExmNtJ5GgemMKA71qjcX//M6KYY3fsZlkiJItlwUpsLB2JkH4fS5AoZiaghliptbHTakijI0cZVMCN7qy+ukeVn13Kr3cFWp3eZxFMkpOSMXxCPXpEbuSZ00CCMT8kxeyZs1s16sd+tj2Vqw8pkT8gfW5w/0EpUD</latexit><latexit sha1_base64="LMNVVB2LT7KCglgK0C+FSeW384E=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE0GPRi8cK9gPaUDbbSbt0swm7k9IS+1e8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFco+t+W4WNza3tneJuaW//4PDIPi43dZwqBg0Wi1i1A6pBcAkN5CignSigUSCgFYzu5n5rDErzWD7iNAE/ogPJQ84oGqlnl5+6CBPMxpTNuorKgYCeXXGr7gLOOvFyUiE56j37q9uPWRqBRCao1h3PTdDPqELOBMxK3VRDQtmIDqBjqKQRaD9b3D5zzo3Sd8JYmZLoLNTfExmNtJ5GgemMKA71qjcX//M6KYY3fsZlkiJItlwUpsLB2JkH4fS5AoZiaghliptbHTakijI0cZVMCN7qy+ukeVn13Kr3cFWp3eZxFMkpOSMXxCPXpEbuSZ00CCMT8kxeyZs1s16sd+tj2Vqw8pkT8gfW5w/0EpUD</latexit><latexit sha1_base64="LMNVVB2LT7KCglgK0C+FSeW384E=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE0GPRi8cK9gPaUDbbSbt0swm7k9IS+1e8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFco+t+W4WNza3tneJuaW//4PDIPi43dZwqBg0Wi1i1A6pBcAkN5CignSigUSCgFYzu5n5rDErzWD7iNAE/ogPJQ84oGqlnl5+6CBPMxpTNuorKgYCeXXGr7gLOOvFyUiE56j37q9uPWRqBRCao1h3PTdDPqELOBMxK3VRDQtmIDqBjqKQRaD9b3D5zzo3Sd8JYmZLoLNTfExmNtJ5GgemMKA71qjcX//M6KYY3fsZlkiJItlwUpsLB2JkH4fS5AoZiaghliptbHTakijI0cZVMCN7qy+ukeVn13Kr3cFWp3eZxFMkpOSMXxCPXpEbuSZ00CCMT8kxeyZs1s16sd+tj2Vqw8pkT8gfW5w/0EpUD</latexit><latexit sha1_base64="LMNVVB2LT7KCglgK0C+FSeW384E=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE0GPRi8cK9gPaUDbbSbt0swm7k9IS+1e8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFco+t+W4WNza3tneJuaW//4PDIPi43dZwqBg0Wi1i1A6pBcAkN5CignSigUSCgFYzu5n5rDErzWD7iNAE/ogPJQ84oGqlnl5+6CBPMxpTNuorKgYCeXXGr7gLOOvFyUiE56j37q9uPWRqBRCao1h3PTdDPqELOBMxK3VRDQtmIDqBjqKQRaD9b3D5zzo3Sd8JYmZLoLNTfExmNtJ5GgemMKA71qjcX//M6KYY3fsZlkiJItlwUpsLB2JkH4fS5AoZiaghliptbHTakijI0cZVMCN7qy+ukeVn13Kr3cFWp3eZxFMkpOSMXxCPXpEbuSZ00CCMT8kxeyZs1s16sd+tj2Vqw8pkT8gfW5w/0EpUD</latexit>

|vaci
<latexit sha1_base64="LMNVVB2LT7KCglgK0C+FSeW384E=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE0GPRi8cK9gPaUDbbSbt0swm7k9IS+1e8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFco+t+W4WNza3tneJuaW//4PDIPi43dZwqBg0Wi1i1A6pBcAkN5CignSigUSCgFYzu5n5rDErzWD7iNAE/ogPJQ84oGqlnl5+6CBPMxpTNuorKgYCeXXGr7gLOOvFyUiE56j37q9uPWRqBRCao1h3PTdDPqELOBMxK3VRDQtmIDqBjqKQRaD9b3D5zzo3Sd8JYmZLoLNTfExmNtJ5GgemMKA71qjcX//M6KYY3fsZlkiJItlwUpsLB2JkH4fS5AoZiaghliptbHTakijI0cZVMCN7qy+ukeVn13Kr3cFWp3eZxFMkpOSMXxCPXpEbuSZ00CCMT8kxeyZs1s16sd+tj2Vqw8pkT8gfW5w/0EpUD</latexit><latexit sha1_base64="LMNVVB2LT7KCglgK0C+FSeW384E=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE0GPRi8cK9gPaUDbbSbt0swm7k9IS+1e8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFco+t+W4WNza3tneJuaW//4PDIPi43dZwqBg0Wi1i1A6pBcAkN5CignSigUSCgFYzu5n5rDErzWD7iNAE/ogPJQ84oGqlnl5+6CBPMxpTNuorKgYCeXXGr7gLOOvFyUiE56j37q9uPWRqBRCao1h3PTdDPqELOBMxK3VRDQtmIDqBjqKQRaD9b3D5zzo3Sd8JYmZLoLNTfExmNtJ5GgemMKA71qjcX//M6KYY3fsZlkiJItlwUpsLB2JkH4fS5AoZiaghliptbHTakijI0cZVMCN7qy+ukeVn13Kr3cFWp3eZxFMkpOSMXxCPXpEbuSZ00CCMT8kxeyZs1s16sd+tj2Vqw8pkT8gfW5w/0EpUD</latexit><latexit sha1_base64="LMNVVB2LT7KCglgK0C+FSeW384E=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE0GPRi8cK9gPaUDbbSbt0swm7k9IS+1e8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFco+t+W4WNza3tneJuaW//4PDIPi43dZwqBg0Wi1i1A6pBcAkN5CignSigUSCgFYzu5n5rDErzWD7iNAE/ogPJQ84oGqlnl5+6CBPMxpTNuorKgYCeXXGr7gLOOvFyUiE56j37q9uPWRqBRCao1h3PTdDPqELOBMxK3VRDQtmIDqBjqKQRaD9b3D5zzo3Sd8JYmZLoLNTfExmNtJ5GgemMKA71qjcX//M6KYY3fsZlkiJItlwUpsLB2JkH4fS5AoZiaghliptbHTakijI0cZVMCN7qy+ukeVn13Kr3cFWp3eZxFMkpOSMXxCPXpEbuSZ00CCMT8kxeyZs1s16sd+tj2Vqw8pkT8gfW5w/0EpUD</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="rxRlzmmKe994ljWbCvN22/GtVnA=">AAAB8HicbZBLSwMxFIXv1FetVcdu3QwWwVWZcaNLwY3LCvYBnVIy6W0bmskMyZ3SMvavuHGhiL/Gnf/G9LHQ1gOBj3MS7s2JUikM+f63U9jZ3ds/KB6WjsrHJ6fuWblpkkxzbPBEJrodMYNSKGyQIIntVCOLI4mtaHy/yFsT1EYk6olmKXZjNlRiIDgja/XcynNIOKV8wvg81EwNJfbcql/zl/K2IVhDFdaq99yvsJ/wLEZFXDJjOoGfUjdnmgSXOC+FmcGU8TEbYseiYjGabr7cfe5dWqfvDRJtjyJv6f5+kbPYmFkc2Zsxo5HZzBbmf1kno8FtNxcqzQgVXw0aZNKjxFsU4fWFRk5yZoFxLeyuHh8xzTjZukq2hGDzy9vQvK4Ffi149KEI53ABVxDADdzBA9ShARym8AJv8O7MnVfnY1VXwVn3VoE/cj5/AIqJk50=</latexit><latexit sha1_base64="rxRlzmmKe994ljWbCvN22/GtVnA=">AAAB8HicbZBLSwMxFIXv1FetVcdu3QwWwVWZcaNLwY3LCvYBnVIy6W0bmskMyZ3SMvavuHGhiL/Gnf/G9LHQ1gOBj3MS7s2JUikM+f63U9jZ3ds/KB6WjsrHJ6fuWblpkkxzbPBEJrodMYNSKGyQIIntVCOLI4mtaHy/yFsT1EYk6olmKXZjNlRiIDgja/XcynNIOKV8wvg81EwNJfbcql/zl/K2IVhDFdaq99yvsJ/wLEZFXDJjOoGfUjdnmgSXOC+FmcGU8TEbYseiYjGabr7cfe5dWqfvDRJtjyJv6f5+kbPYmFkc2Zsxo5HZzBbmf1kno8FtNxcqzQgVXw0aZNKjxFsU4fWFRk5yZoFxLeyuHh8xzTjZukq2hGDzy9vQvK4Ffi149KEI53ABVxDADdzBA9ShARym8AJv8O7MnVfnY1VXwVn3VoE/cj5/AIqJk50=</latexit><latexit sha1_base64="Kjewa2j7Zkh4PLr0sRAT5vA03G4=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokXPRa9eKxgP6ANZbOdtEs3m7A7KS0xf8WLB0W8+ke8+W/ctjlo64OBx3szzMwLEsE1uu63tbG5tb2zW9or7x8cHh3bJ5WWjlPFoMliEatOQDUILqGJHAV0EgU0CgS0g/Hd3G9PQGkey0ecJeBHdCh5yBlFI/XtylMPYYrZhLK8p6gcCujbVbfmLuCsE68gVVKg0be/eoOYpRFIZIJq3fXcBP2MKuRMQF7upRoSysZ0CF1DJY1A+9ni9ty5MMrACWNlSqKzUH9PZDTSehYFpjOiONKr3lz8z+umGN74GZdJiiDZclGYCgdjZx6EM+AKGIqZIZQpbm512IgqytDEVTYheKsvr5PWVc1za96DW63fFnGUyBk5J5fEI9ekTu5JgzQJI1PyTF7Jm5VbL9a79bFs3bCKmVPyB9bnD/LSlP8=</latexit><latexit sha1_base64="LMNVVB2LT7KCglgK0C+FSeW384E=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE0GPRi8cK9gPaUDbbSbt0swm7k9IS+1e8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFco+t+W4WNza3tneJuaW//4PDIPi43dZwqBg0Wi1i1A6pBcAkN5CignSigUSCgFYzu5n5rDErzWD7iNAE/ogPJQ84oGqlnl5+6CBPMxpTNuorKgYCeXXGr7gLOOvFyUiE56j37q9uPWRqBRCao1h3PTdDPqELOBMxK3VRDQtmIDqBjqKQRaD9b3D5zzo3Sd8JYmZLoLNTfExmNtJ5GgemMKA71qjcX//M6KYY3fsZlkiJItlwUpsLB2JkH4fS5AoZiaghliptbHTakijI0cZVMCN7qy+ukeVn13Kr3cFWp3eZxFMkpOSMXxCPXpEbuSZ00CCMT8kxeyZs1s16sd+tj2Vqw8pkT8gfW5w/0EpUD</latexit><latexit sha1_base64="LMNVVB2LT7KCglgK0C+FSeW384E=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE0GPRi8cK9gPaUDbbSbt0swm7k9IS+1e8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFco+t+W4WNza3tneJuaW//4PDIPi43dZwqBg0Wi1i1A6pBcAkN5CignSigUSCgFYzu5n5rDErzWD7iNAE/ogPJQ84oGqlnl5+6CBPMxpTNuorKgYCeXXGr7gLOOvFyUiE56j37q9uPWRqBRCao1h3PTdDPqELOBMxK3VRDQtmIDqBjqKQRaD9b3D5zzo3Sd8JYmZLoLNTfExmNtJ5GgemMKA71qjcX//M6KYY3fsZlkiJItlwUpsLB2JkH4fS5AoZiaghliptbHTakijI0cZVMCN7qy+ukeVn13Kr3cFWp3eZxFMkpOSMXxCPXpEbuSZ00CCMT8kxeyZs1s16sd+tj2Vqw8pkT8gfW5w/0EpUD</latexit><latexit sha1_base64="LMNVVB2LT7KCglgK0C+FSeW384E=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE0GPRi8cK9gPaUDbbSbt0swm7k9IS+1e8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFco+t+W4WNza3tneJuaW//4PDIPi43dZwqBg0Wi1i1A6pBcAkN5CignSigUSCgFYzu5n5rDErzWD7iNAE/ogPJQ84oGqlnl5+6CBPMxpTNuorKgYCeXXGr7gLOOvFyUiE56j37q9uPWRqBRCao1h3PTdDPqELOBMxK3VRDQtmIDqBjqKQRaD9b3D5zzo3Sd8JYmZLoLNTfExmNtJ5GgemMKA71qjcX//M6KYY3fsZlkiJItlwUpsLB2JkH4fS5AoZiaghliptbHTakijI0cZVMCN7qy+ukeVn13Kr3cFWp3eZxFMkpOSMXxCPXpEbuSZ00CCMT8kxeyZs1s16sd+tj2Vqw8pkT8gfW5w/0EpUD</latexit><latexit sha1_base64="LMNVVB2LT7KCglgK0C+FSeW384E=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE0GPRi8cK9gPaUDbbSbt0swm7k9IS+1e8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFco+t+W4WNza3tneJuaW//4PDIPi43dZwqBg0Wi1i1A6pBcAkN5CignSigUSCgFYzu5n5rDErzWD7iNAE/ogPJQ84oGqlnl5+6CBPMxpTNuorKgYCeXXGr7gLOOvFyUiE56j37q9uPWRqBRCao1h3PTdDPqELOBMxK3VRDQtmIDqBjqKQRaD9b3D5zzo3Sd8JYmZLoLNTfExmNtJ5GgemMKA71qjcX//M6KYY3fsZlkiJItlwUpsLB2JkH4fS5AoZiaghliptbHTakijI0cZVMCN7qy+ukeVn13Kr3cFWp3eZxFMkpOSMXxCPXpEbuSZ00CCMT8kxeyZs1s16sd+tj2Vqw8pkT8gfW5w/0EpUD</latexit><latexit sha1_base64="LMNVVB2LT7KCglgK0C+FSeW384E=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE0GPRi8cK9gPaUDbbSbt0swm7k9IS+1e8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFco+t+W4WNza3tneJuaW//4PDIPi43dZwqBg0Wi1i1A6pBcAkN5CignSigUSCgFYzu5n5rDErzWD7iNAE/ogPJQ84oGqlnl5+6CBPMxpTNuorKgYCeXXGr7gLOOvFyUiE56j37q9uPWRqBRCao1h3PTdDPqELOBMxK3VRDQtmIDqBjqKQRaD9b3D5zzo3Sd8JYmZLoLNTfExmNtJ5GgemMKA71qjcX//M6KYY3fsZlkiJItlwUpsLB2JkH4fS5AoZiaghliptbHTakijI0cZVMCN7qy+ukeVn13Kr3cFWp3eZxFMkpOSMXxCPXpEbuSZ00CCMT8kxeyZs1s16sd+tj2Vqw8pkT8gfW5w/0EpUD</latexit><latexit sha1_base64="LMNVVB2LT7KCglgK0C+FSeW384E=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE0GPRi8cK9gPaUDbbSbt0swm7k9IS+1e8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFco+t+W4WNza3tneJuaW//4PDIPi43dZwqBg0Wi1i1A6pBcAkN5CignSigUSCgFYzu5n5rDErzWD7iNAE/ogPJQ84oGqlnl5+6CBPMxpTNuorKgYCeXXGr7gLOOvFyUiE56j37q9uPWRqBRCao1h3PTdDPqELOBMxK3VRDQtmIDqBjqKQRaD9b3D5zzo3Sd8JYmZLoLNTfExmNtJ5GgemMKA71qjcX//M6KYY3fsZlkiJItlwUpsLB2JkH4fS5AoZiaghliptbHTakijI0cZVMCN7qy+ukeVn13Kr3cFWp3eZxFMkpOSMXxCPXpEbuSZ00CCMT8kxeyZs1s16sd+tj2Vqw8pkT8gfW5w/0EpUD</latexit>



SU(N)
<latexit sha1_base64="hqyHyqo3Ar4LLel0QW7iaRSjbzo=">AAACB3icbVBLSgNBEO2Jvxh/UZduBoMQN2FGBF0G3biSiOYDmRB6OpWkSU/P0F0jhmEO4AXc6g3ciVuP4QU8h51kFibxQcHjvSqq6vmR4Bod59vKrayurW/kNwtb2zu7e8X9g4YOY8WgzkIRqpZPNQguoY4cBbQiBTTwBTT90fXEbz6C0jyUDziOoBPQgeR9zigayfMQnjC5r6fl29NuseRUnCnsZeJmpEQy1LrFH68XsjgAiUxQrduuE2EnoQo5E5AWvFhDRNmIDqBtqKQB6E4yvTm1T4zSs/uhMiXRnqp/JxIaaD0OfNMZUBzqRW8i/ue1Y+xfdhIuoxhBstmifixsDO1JAHaPK2AoxoZQpri51WZDqihDE9PcFm2eGkIvNcG4izEsk8ZZxXUq7t15qXqVRZQnR+SYlIlLLkiV3JAaqRNGIvJCXsmb9Wy9Wx/W56w1Z2Uzh2QO1tcvGaaaGw==</latexit><latexit sha1_base64="hqyHyqo3Ar4LLel0QW7iaRSjbzo=">AAACB3icbVBLSgNBEO2Jvxh/UZduBoMQN2FGBF0G3biSiOYDmRB6OpWkSU/P0F0jhmEO4AXc6g3ciVuP4QU8h51kFibxQcHjvSqq6vmR4Bod59vKrayurW/kNwtb2zu7e8X9g4YOY8WgzkIRqpZPNQguoY4cBbQiBTTwBTT90fXEbz6C0jyUDziOoBPQgeR9zigayfMQnjC5r6fl29NuseRUnCnsZeJmpEQy1LrFH68XsjgAiUxQrduuE2EnoQo5E5AWvFhDRNmIDqBtqKQB6E4yvTm1T4zSs/uhMiXRnqp/JxIaaD0OfNMZUBzqRW8i/ue1Y+xfdhIuoxhBstmifixsDO1JAHaPK2AoxoZQpri51WZDqihDE9PcFm2eGkIvNcG4izEsk8ZZxXUq7t15qXqVRZQnR+SYlIlLLkiV3JAaqRNGIvJCXsmb9Wy9Wx/W56w1Z2Uzh2QO1tcvGaaaGw==</latexit><latexit sha1_base64="hqyHyqo3Ar4LLel0QW7iaRSjbzo=">AAACB3icbVBLSgNBEO2Jvxh/UZduBoMQN2FGBF0G3biSiOYDmRB6OpWkSU/P0F0jhmEO4AXc6g3ciVuP4QU8h51kFibxQcHjvSqq6vmR4Bod59vKrayurW/kNwtb2zu7e8X9g4YOY8WgzkIRqpZPNQguoY4cBbQiBTTwBTT90fXEbz6C0jyUDziOoBPQgeR9zigayfMQnjC5r6fl29NuseRUnCnsZeJmpEQy1LrFH68XsjgAiUxQrduuE2EnoQo5E5AWvFhDRNmIDqBtqKQB6E4yvTm1T4zSs/uhMiXRnqp/JxIaaD0OfNMZUBzqRW8i/ue1Y+xfdhIuoxhBstmifixsDO1JAHaPK2AoxoZQpri51WZDqihDE9PcFm2eGkIvNcG4izEsk8ZZxXUq7t15qXqVRZQnR+SYlIlLLkiV3JAaqRNGIvJCXsmb9Wy9Wx/W56w1Z2Uzh2QO1tcvGaaaGw==</latexit><latexit sha1_base64="hqyHyqo3Ar4LLel0QW7iaRSjbzo=">AAACB3icbVBLSgNBEO2Jvxh/UZduBoMQN2FGBF0G3biSiOYDmRB6OpWkSU/P0F0jhmEO4AXc6g3ciVuP4QU8h51kFibxQcHjvSqq6vmR4Bod59vKrayurW/kNwtb2zu7e8X9g4YOY8WgzkIRqpZPNQguoY4cBbQiBTTwBTT90fXEbz6C0jyUDziOoBPQgeR9zigayfMQnjC5r6fl29NuseRUnCnsZeJmpEQy1LrFH68XsjgAiUxQrduuE2EnoQo5E5AWvFhDRNmIDqBtqKQB6E4yvTm1T4zSs/uhMiXRnqp/JxIaaD0OfNMZUBzqRW8i/ue1Y+xfdhIuoxhBstmifixsDO1JAHaPK2AoxoZQpri51WZDqihDE9PcFm2eGkIvNcG4izEsk8ZZxXUq7t15qXqVRZQnR+SYlIlLLkiV3JAaqRNGIvJCXsmb9Wy9Wx/W56w1Z2Uzh2QO1tcvGaaaGw==</latexit>
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<latexit sha1_base64="Yy6ycZNZ92zndCHF2+4lKREi8ts="></latexit><latexit sha1_base64="Yy6ycZNZ92zndCHF2+4lKREi8ts="></latexit><latexit sha1_base64="Yy6ycZNZ92zndCHF2+4lKREi8ts="></latexit><latexit sha1_base64="Yy6ycZNZ92zndCHF2+4lKREi8ts="></latexit>

nX

i

⌦
 ̄+
i  

+
i �  ̄�

i  
�
i

↵
= 0

<latexit sha1_base64="VGe0jmd+6K6/+GuJjLSeHpJUyJU="></latexit><latexit sha1_base64="VGe0jmd+6K6/+GuJjLSeHpJUyJU="></latexit><latexit sha1_base64="VGe0jmd+6K6/+GuJjLSeHpJUyJU="></latexit><latexit sha1_base64="VGe0jmd+6K6/+GuJjLSeHpJUyJU="></latexit>

MQ(x)
<latexit sha1_base64="4M0s5RoF7J0nS9Xm1/VYV3IuMso=">AAACAXicbVDLSgNBEOz1GeMr6tHLYhDiJeyKoMegFy9CAuYByRJmZzvJmNnZZWZWDEtO/oBX/QNv4tUv8Qf8DifJHkxiQUNR1U13lx9zprTjfFsrq2vrG5u5rfz2zu7efuHgsKGiRFKs04hHsuUThZwJrGumObZiiST0OTb94c3Ebz6iVCwS93oUoxeSvmA9Rok2UuOuWys9nXULRafsTGEvEzcjRchQ7RZ+OkFEkxCFppwo1XadWHspkZpRjuN8J1EYEzokfWwbKkiIykun147tU6MEdi+SpoS2p+rfiZSESo1C33SGRA/UojcR//Paie5deSkTcaJR0NmiXsJtHdmT1+2ASaSajwwhVDJzq00HRBKqTUBzW5R5aoDB2ATjLsawTBrnZdcpu7WLYuU6iygHx3ACJXDhEipwC1WoA4UHeIFXeLOerXfrw/qcta5Y2cwRzMH6+gX/i5dF</latexit><latexit sha1_base64="4M0s5RoF7J0nS9Xm1/VYV3IuMso=">AAACAXicbVDLSgNBEOz1GeMr6tHLYhDiJeyKoMegFy9CAuYByRJmZzvJmNnZZWZWDEtO/oBX/QNv4tUv8Qf8DifJHkxiQUNR1U13lx9zprTjfFsrq2vrG5u5rfz2zu7efuHgsKGiRFKs04hHsuUThZwJrGumObZiiST0OTb94c3Ebz6iVCwS93oUoxeSvmA9Rok2UuOuWys9nXULRafsTGEvEzcjRchQ7RZ+OkFEkxCFppwo1XadWHspkZpRjuN8J1EYEzokfWwbKkiIykun147tU6MEdi+SpoS2p+rfiZSESo1C33SGRA/UojcR//Paie5deSkTcaJR0NmiXsJtHdmT1+2ASaSajwwhVDJzq00HRBKqTUBzW5R5aoDB2ATjLsawTBrnZdcpu7WLYuU6iygHx3ACJXDhEipwC1WoA4UHeIFXeLOerXfrw/qcta5Y2cwRzMH6+gX/i5dF</latexit><latexit sha1_base64="4M0s5RoF7J0nS9Xm1/VYV3IuMso=">AAACAXicbVDLSgNBEOz1GeMr6tHLYhDiJeyKoMegFy9CAuYByRJmZzvJmNnZZWZWDEtO/oBX/QNv4tUv8Qf8DifJHkxiQUNR1U13lx9zprTjfFsrq2vrG5u5rfz2zu7efuHgsKGiRFKs04hHsuUThZwJrGumObZiiST0OTb94c3Ebz6iVCwS93oUoxeSvmA9Rok2UuOuWys9nXULRafsTGEvEzcjRchQ7RZ+OkFEkxCFppwo1XadWHspkZpRjuN8J1EYEzokfWwbKkiIykun147tU6MEdi+SpoS2p+rfiZSESo1C33SGRA/UojcR//Paie5deSkTcaJR0NmiXsJtHdmT1+2ASaSajwwhVDJzq00HRBKqTUBzW5R5aoDB2ATjLsawTBrnZdcpu7WLYuU6iygHx3ACJXDhEipwC1WoA4UHeIFXeLOerXfrw/qcta5Y2cwRzMH6+gX/i5dF</latexit><latexit sha1_base64="4M0s5RoF7J0nS9Xm1/VYV3IuMso=">AAACAXicbVDLSgNBEOz1GeMr6tHLYhDiJeyKoMegFy9CAuYByRJmZzvJmNnZZWZWDEtO/oBX/QNv4tUv8Qf8DifJHkxiQUNR1U13lx9zprTjfFsrq2vrG5u5rfz2zu7efuHgsKGiRFKs04hHsuUThZwJrGumObZiiST0OTb94c3Ebz6iVCwS93oUoxeSvmA9Rok2UuOuWys9nXULRafsTGEvEzcjRchQ7RZ+OkFEkxCFppwo1XadWHspkZpRjuN8J1EYEzokfWwbKkiIykun147tU6MEdi+SpoS2p+rfiZSESo1C33SGRA/UojcR//Paie5deSkTcaJR0NmiXsJtHdmT1+2ASaSajwwhVDJzq00HRBKqTUBzW5R5aoDB2ATjLsawTBrnZdcpu7WLYuU6iygHx3ACJXDhEipwC1WoA4UHeIFXeLOerXfrw/qcta5Y2cwRzMH6+gX/i5dF</latexit>

Z
dF = 2⇡Q

<latexit sha1_base64="UiYcGmlWRJm1hBmMXwkXawNsMho=">AAACDXicbVDLSsNAFL2pr1pfUZduBovgqiRF0I1QFMRlC/YBTSiTyaQdOpmEmUmhlH6DP+BW/8CduPUb/AG/w2mbhW09MHA4517umROknCntON9WYWNza3unuFva2z84PLKPT1oqySShTZLwRHYCrChngjY105x2UklxHHDaDob3M789olKxRDzpcUr9GPcFixjB2kg92/aY0Ch8QLeo6qUMNXp22ak4c6B14uakDDnqPfvHCxOSxVRowrFSXddJtT/BUjPC6bTkZYqmmAxxn3YNFTimyp/Mk0/RhVFCFCXSPJNjrv7dmOBYqXEcmMkY64Fa9Wbif14309GNP2EizTQVZHEoyjjSCZrVgEImKdF8bAgmkpmsiAywxESbspauKPOpAQ2nphh3tYZ10qpWXKfiNq7Ktbu8oiKcwTlcggvXUINHqEMTCIzgBV7hzXq23q0P63MxWrDynVNYgvX1C9Xnmto=</latexit><latexit sha1_base64="UiYcGmlWRJm1hBmMXwkXawNsMho=">AAACDXicbVDLSsNAFL2pr1pfUZduBovgqiRF0I1QFMRlC/YBTSiTyaQdOpmEmUmhlH6DP+BW/8CduPUb/AG/w2mbhW09MHA4517umROknCntON9WYWNza3unuFva2z84PLKPT1oqySShTZLwRHYCrChngjY105x2UklxHHDaDob3M789olKxRDzpcUr9GPcFixjB2kg92/aY0Ch8QLeo6qUMNXp22ak4c6B14uakDDnqPfvHCxOSxVRowrFSXddJtT/BUjPC6bTkZYqmmAxxn3YNFTimyp/Mk0/RhVFCFCXSPJNjrv7dmOBYqXEcmMkY64Fa9Wbif14309GNP2EizTQVZHEoyjjSCZrVgEImKdF8bAgmkpmsiAywxESbspauKPOpAQ2nphh3tYZ10qpWXKfiNq7Ktbu8oiKcwTlcggvXUINHqEMTCIzgBV7hzXq23q0P63MxWrDynVNYgvX1C9Xnmto=</latexit><latexit sha1_base64="UiYcGmlWRJm1hBmMXwkXawNsMho=">AAACDXicbVDLSsNAFL2pr1pfUZduBovgqiRF0I1QFMRlC/YBTSiTyaQdOpmEmUmhlH6DP+BW/8CduPUb/AG/w2mbhW09MHA4517umROknCntON9WYWNza3unuFva2z84PLKPT1oqySShTZLwRHYCrChngjY105x2UklxHHDaDob3M789olKxRDzpcUr9GPcFixjB2kg92/aY0Ch8QLeo6qUMNXp22ak4c6B14uakDDnqPfvHCxOSxVRowrFSXddJtT/BUjPC6bTkZYqmmAxxn3YNFTimyp/Mk0/RhVFCFCXSPJNjrv7dmOBYqXEcmMkY64Fa9Wbif14309GNP2EizTQVZHEoyjjSCZrVgEImKdF8bAgmkpmsiAywxESbspauKPOpAQ2nphh3tYZ10qpWXKfiNq7Ktbu8oiKcwTlcggvXUINHqEMTCIzgBV7hzXq23q0P63MxWrDynVNYgvX1C9Xnmto=</latexit><latexit sha1_base64="UiYcGmlWRJm1hBmMXwkXawNsMho=">AAACDXicbVDLSsNAFL2pr1pfUZduBovgqiRF0I1QFMRlC/YBTSiTyaQdOpmEmUmhlH6DP+BW/8CduPUb/AG/w2mbhW09MHA4517umROknCntON9WYWNza3unuFva2z84PLKPT1oqySShTZLwRHYCrChngjY105x2UklxHHDaDob3M789olKxRDzpcUr9GPcFixjB2kg92/aY0Ch8QLeo6qUMNXp22ak4c6B14uakDDnqPfvHCxOSxVRowrFSXddJtT/BUjPC6bTkZYqmmAxxn3YNFTimyp/Mk0/RhVFCFCXSPJNjrv7dmOBYqXEcmMkY64Fa9Wbif14309GNP2EizTQVZHEoyjjSCZrVgEImKdF8bAgmkpmsiAywxESbspauKPOpAQ2nphh3tYZ10qpWXKfiNq7Ktbu8oiKcwTlcggvXUINHqEMTCIzgBV7hzXq23q0P63MxWrDynVNYgvX1C9Xnmto=</latexit>

QED3

Previous lattice N>2,  Hands et al, Raviv et al

large-N scalar dimension (Pufu): N < 2


SU(n)⇥ SU(n)⇥ U(1)
<latexit sha1_base64="ivZ5rj0xov4pws0B7mw2G7kORAI=">AAACGnicbVDLSgMxFL1TX7W+qi51ESxCuykzIuiy6MZlRacttEPJZDJtaCYzJBmhDN34HX6AW/0Ed+LWjV/gb5g+Fn14IHA4515O7vETzpS27R8rt7a+sbmV3y7s7O7tHxQPjxoqTiWhLol5LFs+VpQzQV3NNKetRFIc+Zw2/cHt2G8+UalYLB71MKFehHuChYxgbaRu8fTBLYtKR7OIKjTP3bJT6RZLdtWeAK0SZ0ZKMEO9W/ztBDFJIyo04ViptmMn2suw1IxwOip0UkUTTAa4R9uGCmySvGxyxQidGyVAYSzNExpN1PmNDEdKDSPfTEZY99WyNxb/89qpDq+9jIkk1VSQaVCYcqRjNK4EBUxSovnQEEwkM39FpI8lJtoUt5CizFF9GowKphlnuYdV0rioOnbVub8s1W5mHeXhBM6gDA5cQQ3uoA4uEHiGV3iDd+vF+rA+ra/paM6a7RzDAqzvPwtGn30=</latexit><latexit sha1_base64="ivZ5rj0xov4pws0B7mw2G7kORAI=">AAACGnicbVDLSgMxFL1TX7W+qi51ESxCuykzIuiy6MZlRacttEPJZDJtaCYzJBmhDN34HX6AW/0Ed+LWjV/gb5g+Fn14IHA4515O7vETzpS27R8rt7a+sbmV3y7s7O7tHxQPjxoqTiWhLol5LFs+VpQzQV3NNKetRFIc+Zw2/cHt2G8+UalYLB71MKFehHuChYxgbaRu8fTBLYtKR7OIKjTP3bJT6RZLdtWeAK0SZ0ZKMEO9W/ztBDFJIyo04ViptmMn2suw1IxwOip0UkUTTAa4R9uGCmySvGxyxQidGyVAYSzNExpN1PmNDEdKDSPfTEZY99WyNxb/89qpDq+9jIkk1VSQaVCYcqRjNK4EBUxSovnQEEwkM39FpI8lJtoUt5CizFF9GowKphlnuYdV0rioOnbVub8s1W5mHeXhBM6gDA5cQQ3uoA4uEHiGV3iDd+vF+rA+ra/paM6a7RzDAqzvPwtGn30=</latexit><latexit sha1_base64="ivZ5rj0xov4pws0B7mw2G7kORAI=">AAACGnicbVDLSgMxFL1TX7W+qi51ESxCuykzIuiy6MZlRacttEPJZDJtaCYzJBmhDN34HX6AW/0Ed+LWjV/gb5g+Fn14IHA4515O7vETzpS27R8rt7a+sbmV3y7s7O7tHxQPjxoqTiWhLol5LFs+VpQzQV3NNKetRFIc+Zw2/cHt2G8+UalYLB71MKFehHuChYxgbaRu8fTBLYtKR7OIKjTP3bJT6RZLdtWeAK0SZ0ZKMEO9W/ztBDFJIyo04ViptmMn2suw1IxwOip0UkUTTAa4R9uGCmySvGxyxQidGyVAYSzNExpN1PmNDEdKDSPfTEZY99WyNxb/89qpDq+9jIkk1VSQaVCYcqRjNK4EBUxSovnQEEwkM39FpI8lJtoUt5CizFF9GowKphlnuYdV0rioOnbVub8s1W5mHeXhBM6gDA5cQQ3uoA4uEHiGV3iDd+vF+rA+ra/paM6a7RzDAqzvPwtGn30=</latexit><latexit sha1_base64="ivZ5rj0xov4pws0B7mw2G7kORAI=">AAACGnicbVDLSgMxFL1TX7W+qi51ESxCuykzIuiy6MZlRacttEPJZDJtaCYzJBmhDN34HX6AW/0Ed+LWjV/gb5g+Fn14IHA4515O7vETzpS27R8rt7a+sbmV3y7s7O7tHxQPjxoqTiWhLol5LFs+VpQzQV3NNKetRFIc+Zw2/cHt2G8+UalYLB71MKFehHuChYxgbaRu8fTBLYtKR7OIKjTP3bJT6RZLdtWeAK0SZ0ZKMEO9W/ztBDFJIyo04ViptmMn2suw1IxwOip0UkUTTAa4R9uGCmySvGxyxQidGyVAYSzNExpN1PmNDEdKDSPfTEZY99WyNxb/89qpDq+9jIkk1VSQaVCYcqRjNK4EBUxSovnQEEwkM39FpI8lJtoUt5CizFF9GowKphlnuYdV0rioOnbVub8s1W5mHeXhBM6gDA5cQQ3uoA4uEHiGV3iDd+vF+rA+ra/paM6a7RzDAqzvPwtGn30=</latexit>



Lattice Regularization using massless overlap fermions

• Regulate the theory on physical      torus using L3 lattice


• Sg 

Non-compact: U(1) with no monopoles

Compact: U(1) with monopoles

SU(Nc) Wilson action

Abelian

Non-Abelian

`3
<latexit sha1_base64="eNG0OBHsz99dJ2jtlD47wTTGWMA=">AAACAnicbVDLSsNAFL2pr1pfVZdugkVwVRIVdFl047KCfUAby2Ry046dTMLMRCihOz/ArX6CO3Hrj/gF/obTNgvbeuDC4Zx7ufceP+FMacf5tgorq2vrG8XN0tb2zu5eef+gqeJUUmzQmMey7ROFnAlsaKY5thOJJPI5tvzhzcRvPaFULBb3epSgF5G+YCGjRBup2UXOH8575YpTdaawl4mbkwrkqPfKP90gpmmEQlNOlOq4TqK9jEjNKMdxqZsqTAgdkj52DBUkQuVl02vH9olRAjuMpSmh7an6dyIjkVKjyDedEdEDtehNxP+8TqrDKy9jIkk1CjpbFKbc1rE9ed0OmESq+cgQQiUzt9p0QCSh2gQ0t0WZpwYYjEsmGXcxh2XSPKu6TtW9u6jUrvOMinAEx3AKLlxCDW6hDg2g8Agv8Apv1rP1bn1Yn7PWgpXPHMIcrK9fLT2XuQ==</latexit><latexit sha1_base64="eNG0OBHsz99dJ2jtlD47wTTGWMA=">AAACAnicbVDLSsNAFL2pr1pfVZdugkVwVRIVdFl047KCfUAby2Ry046dTMLMRCihOz/ArX6CO3Hrj/gF/obTNgvbeuDC4Zx7ufceP+FMacf5tgorq2vrG8XN0tb2zu5eef+gqeJUUmzQmMey7ROFnAlsaKY5thOJJPI5tvzhzcRvPaFULBb3epSgF5G+YCGjRBup2UXOH8575YpTdaawl4mbkwrkqPfKP90gpmmEQlNOlOq4TqK9jEjNKMdxqZsqTAgdkj52DBUkQuVl02vH9olRAjuMpSmh7an6dyIjkVKjyDedEdEDtehNxP+8TqrDKy9jIkk1CjpbFKbc1rE9ed0OmESq+cgQQiUzt9p0QCSh2gQ0t0WZpwYYjEsmGXcxh2XSPKu6TtW9u6jUrvOMinAEx3AKLlxCDW6hDg2g8Agv8Apv1rP1bn1Yn7PWgpXPHMIcrK9fLT2XuQ==</latexit><latexit sha1_base64="eNG0OBHsz99dJ2jtlD47wTTGWMA=">AAACAnicbVDLSsNAFL2pr1pfVZdugkVwVRIVdFl047KCfUAby2Ry046dTMLMRCihOz/ArX6CO3Hrj/gF/obTNgvbeuDC4Zx7ufceP+FMacf5tgorq2vrG8XN0tb2zu5eef+gqeJUUmzQmMey7ROFnAlsaKY5thOJJPI5tvzhzcRvPaFULBb3epSgF5G+YCGjRBup2UXOH8575YpTdaawl4mbkwrkqPfKP90gpmmEQlNOlOq4TqK9jEjNKMdxqZsqTAgdkj52DBUkQuVl02vH9olRAjuMpSmh7an6dyIjkVKjyDedEdEDtehNxP+8TqrDKy9jIkk1CjpbFKbc1rE9ed0OmESq+cgQQiUzt9p0QCSh2gQ0t0WZpwYYjEsmGXcxh2XSPKu6TtW9u6jUrvOMinAEx3AKLlxCDW6hDg2g8Agv8Apv1rP1bn1Yn7PWgpXPHMIcrK9fLT2XuQ==</latexit><latexit sha1_base64="eNG0OBHsz99dJ2jtlD47wTTGWMA=">AAACAnicbVDLSsNAFL2pr1pfVZdugkVwVRIVdFl047KCfUAby2Ry046dTMLMRCihOz/ArX6CO3Hrj/gF/obTNgvbeuDC4Zx7ufceP+FMacf5tgorq2vrG8XN0tb2zu5eef+gqeJUUmzQmMey7ROFnAlsaKY5thOJJPI5tvzhzcRvPaFULBb3epSgF5G+YCGjRBup2UXOH8575YpTdaawl4mbkwrkqPfKP90gpmmEQlNOlOq4TqK9jEjNKMdxqZsqTAgdkj52DBUkQuVl02vH9olRAjuMpSmh7an6dyIjkVKjyDedEdEDtehNxP+8TqrDKy9jIkk1CjpbFKbc1rE9ed0OmESq+cgQQiUzt9p0QCSh2gQ0t0WZpwYYjEsmGXcxh2XSPKu6TtW9u6jUrvOMinAEx3AKLlxCDW6hDg2g8Agv8Apv1rP1bn1Yn7PWgpXPHMIcrK9fLT2XuQ==</latexit>

Flux 

conserved Utop(1)



Lattice Regularization using massless overlap fermions

Z(⌘+, ⌘�) = det


1 + V

2

1 + V †

2

�
e�⌘+G⌘+�⌘�G⌘�

<latexit sha1_base64="bi3RFutLqHIdsqadjhQA4Ndh0vk="></latexit><latexit sha1_base64="bi3RFutLqHIdsqadjhQA4Ndh0vk="></latexit><latexit sha1_base64="bi3RFutLqHIdsqadjhQA4Ndh0vk="></latexit><latexit sha1_base64="mz8ys2cIZ5TGX7iYiwIfWOm6WLM=">AAAB7XicbVDLSgNBEOyNrxijxrOXwSB4Crte9Ch48RjBPCBZwuxsbzJkdnaZ6RXCmh/w6h94E7/IH/A7nDwOxljQUFR1090V5Upa8v0vr7Kzu7d/UD2sHdVrxyenjXrXZoUR2BGZykw/4haV1NghSQr7uUGeRgp70fR+4fee0ViZ6Sea5RimfKxlIgUnJ7VHjabf8pdg2yRYkyasMWp8D+NMFClqEopbOwj8nMKSG5JC4bw2LCzmXEz5GAeOap6iDcvlmXN26ZSYJZlxpYkt1d8TJU+tnaWR60w5TexfbyH+5w0KSm7DUuq8INRitSgpFKOMLX5msTQoSM0c4cJIdysTE264IJfMxhbrnppgPHe5BH9T2Cbd61bgt4JHH6pwDhdwBQHcwB08QBs6ICCGV3jzXrx372OVX8VbB3kGG/A+fwD/AZLt</latexit><latexit sha1_base64="21p58xbvkuBrkcRg93hJnk5PcHQ="></latexit><latexit sha1_base64="21p58xbvkuBrkcRg93hJnk5PcHQ="></latexit><latexit sha1_base64="8JH1zyUJh4QvFqbod2/FsO+33vQ="></latexit><latexit sha1_base64="bi3RFutLqHIdsqadjhQA4Ndh0vk="></latexit><latexit sha1_base64="bi3RFutLqHIdsqadjhQA4Ndh0vk="></latexit><latexit sha1_base64="bi3RFutLqHIdsqadjhQA4Ndh0vk="></latexit><latexit sha1_base64="bi3RFutLqHIdsqadjhQA4Ndh0vk="></latexit><latexit sha1_base64="bi3RFutLqHIdsqadjhQA4Ndh0vk="></latexit><latexit sha1_base64="mz8ys2cIZ5TGX7iYiwIfWOm6WLM=">AAAB7XicbVDLSgNBEOyNrxijxrOXwSB4Crte9Ch48RjBPCBZwuxsbzJkdnaZ6RXCmh/w6h94E7/IH/A7nDwOxljQUFR1090V5Upa8v0vr7Kzu7d/UD2sHdVrxyenjXrXZoUR2BGZykw/4haV1NghSQr7uUGeRgp70fR+4fee0ViZ6Sea5RimfKxlIgUnJ7VHjabf8pdg2yRYkyasMWp8D+NMFClqEopbOwj8nMKSG5JC4bw2LCzmXEz5GAeOap6iDcvlmXN26ZSYJZlxpYkt1d8TJU+tnaWR60w5TexfbyH+5w0KSm7DUuq8INRitSgpFKOMLX5msTQoSM0c4cJIdysTE264IJfMxhbrnppgPHe5BH9T2Cbd61bgt4JHH6pwDhdwBQHcwB08QBs6ICCGV3jzXrx372OVX8VbB3kGG/A+fwD/AZLt</latexit><latexit sha1_base64="21p58xbvkuBrkcRg93hJnk5PcHQ="></latexit><latexit sha1_base64="21p58xbvkuBrkcRg93hJnk5PcHQ="></latexit><latexit sha1_base64="8JH1zyUJh4QvFqbod2/FsO+33vQ="></latexit><latexit sha1_base64="bi3RFutLqHIdsqadjhQA4Ndh0vk="></latexit><latexit sha1_base64="bi3RFutLqHIdsqadjhQA4Ndh0vk="></latexit><latexit sha1_base64="bi3RFutLqHIdsqadjhQA4Ndh0vk="></latexit><latexit sha1_base64="bi3RFutLqHIdsqadjhQA4Ndh0vk="></latexit><latexit sha1_base64="bi3RFutLqHIdsqadjhQA4Ndh0vk="></latexit><latexit sha1_base64="bi3RFutLqHIdsqadjhQA4Ndh0vk="></latexit>

V =
⇣
/Dw(mw) /D

†
w(mw)

⌘�1/2
/Dw; V V † = 1

<latexit sha1_base64="fqNfGcexwqnUBmt7MB0fMWsu6bg="></latexit><latexit sha1_base64="fqNfGcexwqnUBmt7MB0fMWsu6bg="></latexit><latexit sha1_base64="fqNfGcexwqnUBmt7MB0fMWsu6bg="></latexit><latexit sha1_base64="fqNfGcexwqnUBmt7MB0fMWsu6bg="></latexit>

U(2) symmetry at finite lattice spacing

2L3 x 2L3 unitary matrix

Effective fermion action

Details of construction in 1606.04109



Distinguishing conformal and scale-broken theories

�j` = lim
L!1

⇤jL
<latexit sha1_base64="ftb+d06H/psC5ViQ1T0znmCJIy4=">AAACLHicbVDLSgMxFM3UV62vqks3wSK4qjMi6EYounHRRQX7gE4ZMpk7bWwmMyQZoQz9DH/DH3Crf+BGxG2/w/Qh2NYDgcM553Jzj59wprRtf1q5ldW19Y38ZmFre2d3r7h/0FBxKinUacxj2fKJAs4E1DXTHFqJBBL5HJp+/3bsN59AKhaLBz1IoBORrmAho0QbySueudyEA+I9Yhc4x9fY5SzysqqrY+wyEerBELvV30zVK5bssj0BXibOjJTQDDWvOHKDmKYRCE05Uart2InuZERqRjkMC26qICG0T7rQNlSQCFQnmxw2xCdGCXAYS/OExhP170RGIqUGkW+SEdE9teiNxf+8dqrDq07GRJJqEHS6KEw5NkePW8IBk0A1HxhCqGTmr5j2iCRUmy7ntihzVA+CoSnGWaxhmTTOy45ddu4vSpWbWUV5dISO0Sly0CWqoDtUQ3VE0TN6RW/o3XqxPqwv63sazVmzmUM0B2v0A/IUqB4=</latexit><latexit sha1_base64="ftb+d06H/psC5ViQ1T0znmCJIy4=">AAACLHicbVDLSgMxFM3UV62vqks3wSK4qjMi6EYounHRRQX7gE4ZMpk7bWwmMyQZoQz9DH/DH3Crf+BGxG2/w/Qh2NYDgcM553Jzj59wprRtf1q5ldW19Y38ZmFre2d3r7h/0FBxKinUacxj2fKJAs4E1DXTHFqJBBL5HJp+/3bsN59AKhaLBz1IoBORrmAho0QbySueudyEA+I9Yhc4x9fY5SzysqqrY+wyEerBELvV30zVK5bssj0BXibOjJTQDDWvOHKDmKYRCE05Uart2InuZERqRjkMC26qICG0T7rQNlSQCFQnmxw2xCdGCXAYS/OExhP170RGIqUGkW+SEdE9teiNxf+8dqrDq07GRJJqEHS6KEw5NkePW8IBk0A1HxhCqGTmr5j2iCRUmy7ntihzVA+CoSnGWaxhmTTOy45ddu4vSpWbWUV5dISO0Sly0CWqoDtUQ3VE0TN6RW/o3XqxPqwv63sazVmzmUM0B2v0A/IUqB4=</latexit><latexit sha1_base64="ftb+d06H/psC5ViQ1T0znmCJIy4=">AAACLHicbVDLSgMxFM3UV62vqks3wSK4qjMi6EYounHRRQX7gE4ZMpk7bWwmMyQZoQz9DH/DH3Crf+BGxG2/w/Qh2NYDgcM553Jzj59wprRtf1q5ldW19Y38ZmFre2d3r7h/0FBxKinUacxj2fKJAs4E1DXTHFqJBBL5HJp+/3bsN59AKhaLBz1IoBORrmAho0QbySueudyEA+I9Yhc4x9fY5SzysqqrY+wyEerBELvV30zVK5bssj0BXibOjJTQDDWvOHKDmKYRCE05Uart2InuZERqRjkMC26qICG0T7rQNlSQCFQnmxw2xCdGCXAYS/OExhP170RGIqUGkW+SEdE9teiNxf+8dqrDq07GRJJqEHS6KEw5NkePW8IBk0A1HxhCqGTmr5j2iCRUmy7ntihzVA+CoSnGWaxhmTTOy45ddu4vSpWbWUV5dISO0Sly0CWqoDtUQ3VE0TN6RW/o3XqxPqwv63sazVmzmUM0B2v0A/IUqB4=</latexit><latexit sha1_base64="ftb+d06H/psC5ViQ1T0znmCJIy4=">AAACLHicbVDLSgMxFM3UV62vqks3wSK4qjMi6EYounHRRQX7gE4ZMpk7bWwmMyQZoQz9DH/DH3Crf+BGxG2/w/Qh2NYDgcM553Jzj59wprRtf1q5ldW19Y38ZmFre2d3r7h/0FBxKinUacxj2fKJAs4E1DXTHFqJBBL5HJp+/3bsN59AKhaLBz1IoBORrmAho0QbySueudyEA+I9Yhc4x9fY5SzysqqrY+wyEerBELvV30zVK5bssj0BXibOjJTQDDWvOHKDmKYRCE05Uart2InuZERqRjkMC26qICG0T7rQNlSQCFQnmxw2xCdGCXAYS/OExhP170RGIqUGkW+SEdE9teiNxf+8dqrDq07GRJJqEHS6KEw5NkePW8IBk0A1HxhCqGTmr5j2iCRUmy7ntihzVA+CoSnGWaxhmTTOy45ddu4vSpWbWUV5dISO0Sly0CWqoDtUQ3VE0TN6RW/o3XqxPqwv63sazVmzmUM0B2v0A/IUqB4=</latexit>

Look at the microscopic eigenvalues of the Dirac operator in a finite-volume

G�1vj = i⇤ivj
<latexit sha1_base64="BdQTogeTUXlkrVDPlwSzLJcp+J8=">AAACH3icbVDLSsNAFJ3UV62vqEs3Q4vgxpKIoBuh6EIXLirYBzQxTCaTduzkwcykUEL2/oY/4Fb/wJ247Q/4HU7aLGzrgYHDOfcx97gxo0IaxkQrrayurW+UNytb2zu7e/r+QVtECcekhSMW8a6LBGE0JC1JJSPdmBMUuIx03OFN7ndGhAsahY9yHBM7QP2Q+hQjqSRHr6YWRgzeZk/pqZnBkfMMryC17tUEDzk0Fxy9ZtSNKeAyMQtSAwWajv5jeRFOAhJKzJAQPdOIpZ0iLilmJKtYiSAxwkPUJz1FQxQQYafTWzJ4rBQP+hFXL5Rwqv7tSFEgxDhwVWWA5EAsern4n9dLpH9ppzSME0lCPFvkJwzKCObBQI9ygiUbK4Iwp+qvEA8QR1iq+Oa2CHXUgHiZCsZcjGGZtM/qplE3H85rjesiojI4AlVwAkxwARrgDjRBC2DwAt7AO/jQXrVP7Uv7npWWtKLnEMxBm/wCB9GicA==</latexit><latexit sha1_base64="BdQTogeTUXlkrVDPlwSzLJcp+J8=">AAACH3icbVDLSsNAFJ3UV62vqEs3Q4vgxpKIoBuh6EIXLirYBzQxTCaTduzkwcykUEL2/oY/4Fb/wJ247Q/4HU7aLGzrgYHDOfcx97gxo0IaxkQrrayurW+UNytb2zu7e/r+QVtECcekhSMW8a6LBGE0JC1JJSPdmBMUuIx03OFN7ndGhAsahY9yHBM7QP2Q+hQjqSRHr6YWRgzeZk/pqZnBkfMMryC17tUEDzk0Fxy9ZtSNKeAyMQtSAwWajv5jeRFOAhJKzJAQPdOIpZ0iLilmJKtYiSAxwkPUJz1FQxQQYafTWzJ4rBQP+hFXL5Rwqv7tSFEgxDhwVWWA5EAsern4n9dLpH9ppzSME0lCPFvkJwzKCObBQI9ygiUbK4Iwp+qvEA8QR1iq+Oa2CHXUgHiZCsZcjGGZtM/qplE3H85rjesiojI4AlVwAkxwARrgDjRBC2DwAt7AO/jQXrVP7Uv7npWWtKLnEMxBm/wCB9GicA==</latexit><latexit sha1_base64="BdQTogeTUXlkrVDPlwSzLJcp+J8=">AAACH3icbVDLSsNAFJ3UV62vqEs3Q4vgxpKIoBuh6EIXLirYBzQxTCaTduzkwcykUEL2/oY/4Fb/wJ247Q/4HU7aLGzrgYHDOfcx97gxo0IaxkQrrayurW+UNytb2zu7e/r+QVtECcekhSMW8a6LBGE0JC1JJSPdmBMUuIx03OFN7ndGhAsahY9yHBM7QP2Q+hQjqSRHr6YWRgzeZk/pqZnBkfMMryC17tUEDzk0Fxy9ZtSNKeAyMQtSAwWajv5jeRFOAhJKzJAQPdOIpZ0iLilmJKtYiSAxwkPUJz1FQxQQYafTWzJ4rBQP+hFXL5Rwqv7tSFEgxDhwVWWA5EAsern4n9dLpH9ppzSME0lCPFvkJwzKCObBQI9ygiUbK4Iwp+qvEA8QR1iq+Oa2CHXUgHiZCsZcjGGZtM/qplE3H85rjesiojI4AlVwAkxwARrgDjRBC2DwAt7AO/jQXrVP7Uv7npWWtKLnEMxBm/wCB9GicA==</latexit><latexit sha1_base64="BdQTogeTUXlkrVDPlwSzLJcp+J8=">AAACH3icbVDLSsNAFJ3UV62vqEs3Q4vgxpKIoBuh6EIXLirYBzQxTCaTduzkwcykUEL2/oY/4Fb/wJ247Q/4HU7aLGzrgYHDOfcx97gxo0IaxkQrrayurW+UNytb2zu7e/r+QVtECcekhSMW8a6LBGE0JC1JJSPdmBMUuIx03OFN7ndGhAsahY9yHBM7QP2Q+hQjqSRHr6YWRgzeZk/pqZnBkfMMryC17tUEDzk0Fxy9ZtSNKeAyMQtSAwWajv5jeRFOAhJKzJAQPdOIpZ0iLilmJKtYiSAxwkPUJz1FQxQQYafTWzJ4rBQP+hFXL5Rwqv7tSFEgxDhwVWWA5EAsern4n9dLpH9ppzSME0lCPFvkJwzKCObBQI9ygiUbK4Iwp+qvEA8QR1iq+Oa2CHXUgHiZCsZcjGGZtM/qplE3H85rjesiojI4AlVwAkxwARrgDjRBC2DwAt7AO/jQXrVP7Uv7npWWtKLnEMxBm/wCB9GicA==</latexit>

At fixed finite volume, take the continuum limit

Look at the finite-size scaling of eigenvalues:

SU(N)
<latexit sha1_base64="hqyHyqo3Ar4LLel0QW7iaRSjbzo=">AAACB3icbVBLSgNBEO2Jvxh/UZduBoMQN2FGBF0G3biSiOYDmRB6OpWkSU/P0F0jhmEO4AXc6g3ciVuP4QU8h51kFibxQcHjvSqq6vmR4Bod59vKrayurW/kNwtb2zu7e8X9g4YOY8WgzkIRqpZPNQguoY4cBbQiBTTwBTT90fXEbz6C0jyUDziOoBPQgeR9zigayfMQnjC5r6fl29NuseRUnCnsZeJmpEQy1LrFH68XsjgAiUxQrduuE2EnoQo5E5AWvFhDRNmIDqBtqKQB6E4yvTm1T4zSs/uhMiXRnqp/JxIaaD0OfNMZUBzqRW8i/ue1Y+xfdhIuoxhBstmifixsDO1JAHaPK2AoxoZQpri51WZDqihDE9PcFm2eGkIvNcG4izEsk8ZZxXUq7t15qXqVRZQnR+SYlIlLLkiV3JAaqRNGIvJCXsmb9Wy9Wx/W56w1Z2Uzh2QO1tcvGaaaGw==</latexit><latexit sha1_base64="hqyHyqo3Ar4LLel0QW7iaRSjbzo=">AAACB3icbVBLSgNBEO2Jvxh/UZduBoMQN2FGBF0G3biSiOYDmRB6OpWkSU/P0F0jhmEO4AXc6g3ciVuP4QU8h51kFibxQcHjvSqq6vmR4Bod59vKrayurW/kNwtb2zu7e8X9g4YOY8WgzkIRqpZPNQguoY4cBbQiBTTwBTT90fXEbz6C0jyUDziOoBPQgeR9zigayfMQnjC5r6fl29NuseRUnCnsZeJmpEQy1LrFH68XsjgAiUxQrduuE2EnoQo5E5AWvFhDRNmIDqBtqKQB6E4yvTm1T4zSs/uhMiXRnqp/JxIaaD0OfNMZUBzqRW8i/ue1Y+xfdhIuoxhBstmifixsDO1JAHaPK2AoxoZQpri51WZDqihDE9PcFm2eGkIvNcG4izEsk8ZZxXUq7t15qXqVRZQnR+SYlIlLLkiV3JAaqRNGIvJCXsmb9Wy9Wx/W56w1Z2Uzh2QO1tcvGaaaGw==</latexit><latexit sha1_base64="hqyHyqo3Ar4LLel0QW7iaRSjbzo=">AAACB3icbVBLSgNBEO2Jvxh/UZduBoMQN2FGBF0G3biSiOYDmRB6OpWkSU/P0F0jhmEO4AXc6g3ciVuP4QU8h51kFibxQcHjvSqq6vmR4Bod59vKrayurW/kNwtb2zu7e8X9g4YOY8WgzkIRqpZPNQguoY4cBbQiBTTwBTT90fXEbz6C0jyUDziOoBPQgeR9zigayfMQnjC5r6fl29NuseRUnCnsZeJmpEQy1LrFH68XsjgAiUxQrduuE2EnoQo5E5AWvFhDRNmIDqBtqKQB6E4yvTm1T4zSs/uhMiXRnqp/JxIaaD0OfNMZUBzqRW8i/ue1Y+xfdhIuoxhBstmifixsDO1JAHaPK2AoxoZQpri51WZDqihDE9PcFm2eGkIvNcG4izEsk8ZZxXUq7t15qXqVRZQnR+SYlIlLLkiV3JAaqRNGIvJCXsmb9Wy9Wx/W56w1Z2Uzh2QO1tcvGaaaGw==</latexit><latexit sha1_base64="hqyHyqo3Ar4LLel0QW7iaRSjbzo=">AAACB3icbVBLSgNBEO2Jvxh/UZduBoMQN2FGBF0G3biSiOYDmRB6OpWkSU/P0F0jhmEO4AXc6g3ciVuP4QU8h51kFibxQcHjvSqq6vmR4Bod59vKrayurW/kNwtb2zu7e8X9g4YOY8WgzkIRqpZPNQguoY4cBbQiBTTwBTT90fXEbz6C0jyUDziOoBPQgeR9zigayfMQnjC5r6fl29NuseRUnCnsZeJmpEQy1LrFH68XsjgAiUxQrduuE2EnoQo5E5AWvFhDRNmIDqBtqKQB6E4yvTm1T4zSs/uhMiXRnqp/JxIaaD0OfNMZUBzqRW8i/ue1Y+xfdhIuoxhBstmifixsDO1JAHaPK2AoxoZQpri51WZDqihDE9PcFm2eGkIvNcG4izEsk8ZZxXUq7t15qXqVRZQnR+SYlIlLLkiV3JAaqRNGIvJCXsmb9Wy9Wx/W56w1Z2Uzh2QO1tcvGaaaGw==</latexit>

SU(n)⇥ SU(n)
<latexit sha1_base64="BH5eScPzMI3eLkuqxFI9E03tNVs=">AAACHHicbVDLSgMxFM3UV62vqksXBotQN2VGBF0W3bisaB/QlpJJb9vQTGZI7ohl6NLf8Afc6h+4E7eCP+B3mD4WfXggcDjnXk7u8SMpDLruj5NaWV1b30hvZra2d3b3svsHFRPGmkOZhzLUNZ8ZkEJBGQVKqEUaWOBLqPr9m5FffQRtRKgecBBBM2BdJTqCM7RSK3vcQHjC5L48zKuzBooADJ2VWtmcW3DHoMvEm5IcmaLUyv422iGPA1DIJTOm7rkRNhOmUXAJw0wjNhAx3mddqFuqmE1sJuNDhvTUKm3aCbV9CulYnd1IWGDMIPDtZMCwZxa9kfifV4+xc9VMhIpiBMUnQZ1YUgzpqBXaFho4yoEljGth/0p5j2nG0XY3l2LsUT1oD20x3mINy6RyXvDcgnd3kSteTytKkyNyQvLEI5ekSG5JiZQJJ8/klbyRd+fF+XA+na/JaMqZ7hySOTjff3tjokg=</latexit><latexit sha1_base64="BH5eScPzMI3eLkuqxFI9E03tNVs=">AAACHHicbVDLSgMxFM3UV62vqksXBotQN2VGBF0W3bisaB/QlpJJb9vQTGZI7ohl6NLf8Afc6h+4E7eCP+B3mD4WfXggcDjnXk7u8SMpDLruj5NaWV1b30hvZra2d3b3svsHFRPGmkOZhzLUNZ8ZkEJBGQVKqEUaWOBLqPr9m5FffQRtRKgecBBBM2BdJTqCM7RSK3vcQHjC5L48zKuzBooADJ2VWtmcW3DHoMvEm5IcmaLUyv422iGPA1DIJTOm7rkRNhOmUXAJw0wjNhAx3mddqFuqmE1sJuNDhvTUKm3aCbV9CulYnd1IWGDMIPDtZMCwZxa9kfifV4+xc9VMhIpiBMUnQZ1YUgzpqBXaFho4yoEljGth/0p5j2nG0XY3l2LsUT1oD20x3mINy6RyXvDcgnd3kSteTytKkyNyQvLEI5ekSG5JiZQJJ8/klbyRd+fF+XA+na/JaMqZ7hySOTjff3tjokg=</latexit><latexit sha1_base64="BH5eScPzMI3eLkuqxFI9E03tNVs=">AAACHHicbVDLSgMxFM3UV62vqksXBotQN2VGBF0W3bisaB/QlpJJb9vQTGZI7ohl6NLf8Afc6h+4E7eCP+B3mD4WfXggcDjnXk7u8SMpDLruj5NaWV1b30hvZra2d3b3svsHFRPGmkOZhzLUNZ8ZkEJBGQVKqEUaWOBLqPr9m5FffQRtRKgecBBBM2BdJTqCM7RSK3vcQHjC5L48zKuzBooADJ2VWtmcW3DHoMvEm5IcmaLUyv422iGPA1DIJTOm7rkRNhOmUXAJw0wjNhAx3mddqFuqmE1sJuNDhvTUKm3aCbV9CulYnd1IWGDMIPDtZMCwZxa9kfifV4+xc9VMhIpiBMUnQZ1YUgzpqBXaFho4yoEljGth/0p5j2nG0XY3l2LsUT1oD20x3mINy6RyXvDcgnd3kSteTytKkyNyQvLEI5ekSG5JiZQJJ8/klbyRd+fF+XA+na/JaMqZ7hySOTjff3tjokg=</latexit><latexit sha1_base64="BH5eScPzMI3eLkuqxFI9E03tNVs=">AAACHHicbVDLSgMxFM3UV62vqksXBotQN2VGBF0W3bisaB/QlpJJb9vQTGZI7ohl6NLf8Afc6h+4E7eCP+B3mD4WfXggcDjnXk7u8SMpDLruj5NaWV1b30hvZra2d3b3svsHFRPGmkOZhzLUNZ8ZkEJBGQVKqEUaWOBLqPr9m5FffQRtRKgecBBBM2BdJTqCM7RSK3vcQHjC5L48zKuzBooADJ2VWtmcW3DHoMvEm5IcmaLUyv422iGPA1DIJTOm7rkRNhOmUXAJw0wjNhAx3mddqFuqmE1sJuNDhvTUKm3aCbV9CulYnd1IWGDMIPDtZMCwZxa9kfifV4+xc9VMhIpiBMUnQZ1YUgzpqBXaFho4yoEljGth/0p5j2nG0XY3l2LsUT1oD20x3mINy6RyXvDcgnd3kSteTytKkyNyQvLEI5ekSG5JiZQJJ8/klbyRd+fF+XA+na/JaMqZ7hySOTjff3tjokg=</latexit>

lim
`!1

�j / `�3

<latexit sha1_base64="LQ+CpdKZCgzBQOYV0/Bw0bt7xBs="></latexit><latexit sha1_base64="LQ+CpdKZCgzBQOYV0/Bw0bt7xBs="></latexit><latexit sha1_base64="LQ+CpdKZCgzBQOYV0/Bw0bt7xBs="></latexit><latexit sha1_base64="LQ+CpdKZCgzBQOYV0/Bw0bt7xBs="></latexit>

lim
`!1

�j / `�1��S

<latexit sha1_base64="iysOKQg6aRnf8IqLU0HoPiwdZLc="></latexit><latexit sha1_base64="iysOKQg6aRnf8IqLU0HoPiwdZLc="></latexit><latexit sha1_base64="iysOKQg6aRnf8IqLU0HoPiwdZLc="></latexit><latexit sha1_base64="iysOKQg6aRnf8IqLU0HoPiwdZLc="></latexit>

Continuum limits

Banks, Casher+Leutwyler, Smilga, Damgaard, Verbaarschot,…




Distinguishing conformal and scale-broken theories

�j` = lim
L!1

⇤jL
<latexit sha1_base64="ftb+d06H/psC5ViQ1T0znmCJIy4=">AAACLHicbVDLSgMxFM3UV62vqks3wSK4qjMi6EYounHRRQX7gE4ZMpk7bWwmMyQZoQz9DH/DH3Crf+BGxG2/w/Qh2NYDgcM553Jzj59wprRtf1q5ldW19Y38ZmFre2d3r7h/0FBxKinUacxj2fKJAs4E1DXTHFqJBBL5HJp+/3bsN59AKhaLBz1IoBORrmAho0QbySueudyEA+I9Yhc4x9fY5SzysqqrY+wyEerBELvV30zVK5bssj0BXibOjJTQDDWvOHKDmKYRCE05Uart2InuZERqRjkMC26qICG0T7rQNlSQCFQnmxw2xCdGCXAYS/OExhP170RGIqUGkW+SEdE9teiNxf+8dqrDq07GRJJqEHS6KEw5NkePW8IBk0A1HxhCqGTmr5j2iCRUmy7ntihzVA+CoSnGWaxhmTTOy45ddu4vSpWbWUV5dISO0Sly0CWqoDtUQ3VE0TN6RW/o3XqxPqwv63sazVmzmUM0B2v0A/IUqB4=</latexit><latexit sha1_base64="ftb+d06H/psC5ViQ1T0znmCJIy4=">AAACLHicbVDLSgMxFM3UV62vqks3wSK4qjMi6EYounHRRQX7gE4ZMpk7bWwmMyQZoQz9DH/DH3Crf+BGxG2/w/Qh2NYDgcM553Jzj59wprRtf1q5ldW19Y38ZmFre2d3r7h/0FBxKinUacxj2fKJAs4E1DXTHFqJBBL5HJp+/3bsN59AKhaLBz1IoBORrmAho0QbySueudyEA+I9Yhc4x9fY5SzysqqrY+wyEerBELvV30zVK5bssj0BXibOjJTQDDWvOHKDmKYRCE05Uart2InuZERqRjkMC26qICG0T7rQNlSQCFQnmxw2xCdGCXAYS/OExhP170RGIqUGkW+SEdE9teiNxf+8dqrDq07GRJJqEHS6KEw5NkePW8IBk0A1HxhCqGTmr5j2iCRUmy7ntihzVA+CoSnGWaxhmTTOy45ddu4vSpWbWUV5dISO0Sly0CWqoDtUQ3VE0TN6RW/o3XqxPqwv63sazVmzmUM0B2v0A/IUqB4=</latexit><latexit sha1_base64="ftb+d06H/psC5ViQ1T0znmCJIy4=">AAACLHicbVDLSgMxFM3UV62vqks3wSK4qjMi6EYounHRRQX7gE4ZMpk7bWwmMyQZoQz9DH/DH3Crf+BGxG2/w/Qh2NYDgcM553Jzj59wprRtf1q5ldW19Y38ZmFre2d3r7h/0FBxKinUacxj2fKJAs4E1DXTHFqJBBL5HJp+/3bsN59AKhaLBz1IoBORrmAho0QbySueudyEA+I9Yhc4x9fY5SzysqqrY+wyEerBELvV30zVK5bssj0BXibOjJTQDDWvOHKDmKYRCE05Uart2InuZERqRjkMC26qICG0T7rQNlSQCFQnmxw2xCdGCXAYS/OExhP170RGIqUGkW+SEdE9teiNxf+8dqrDq07GRJJqEHS6KEw5NkePW8IBk0A1HxhCqGTmr5j2iCRUmy7ntihzVA+CoSnGWaxhmTTOy45ddu4vSpWbWUV5dISO0Sly0CWqoDtUQ3VE0TN6RW/o3XqxPqwv63sazVmzmUM0B2v0A/IUqB4=</latexit><latexit sha1_base64="ftb+d06H/psC5ViQ1T0znmCJIy4=">AAACLHicbVDLSgMxFM3UV62vqks3wSK4qjMi6EYounHRRQX7gE4ZMpk7bWwmMyQZoQz9DH/DH3Crf+BGxG2/w/Qh2NYDgcM553Jzj59wprRtf1q5ldW19Y38ZmFre2d3r7h/0FBxKinUacxj2fKJAs4E1DXTHFqJBBL5HJp+/3bsN59AKhaLBz1IoBORrmAho0QbySueudyEA+I9Yhc4x9fY5SzysqqrY+wyEerBELvV30zVK5bssj0BXibOjJTQDDWvOHKDmKYRCE05Uart2InuZERqRjkMC26qICG0T7rQNlSQCFQnmxw2xCdGCXAYS/OExhP170RGIqUGkW+SEdE9teiNxf+8dqrDq07GRJJqEHS6KEw5NkePW8IBk0A1HxhCqGTmr5j2iCRUmy7ntihzVA+CoSnGWaxhmTTOy45ddu4vSpWbWUV5dISO0Sly0CWqoDtUQ3VE0TN6RW/o3XqxPqwv63sazVmzmUM0B2v0A/IUqB4=</latexit>

Look at the microscopic eigenvalues of the Dirac operator in a finite-volume

G�1vj = i⇤ivj
<latexit sha1_base64="BdQTogeTUXlkrVDPlwSzLJcp+J8=">AAACH3icbVDLSsNAFJ3UV62vqEs3Q4vgxpKIoBuh6EIXLirYBzQxTCaTduzkwcykUEL2/oY/4Fb/wJ247Q/4HU7aLGzrgYHDOfcx97gxo0IaxkQrrayurW+UNytb2zu7e/r+QVtECcekhSMW8a6LBGE0JC1JJSPdmBMUuIx03OFN7ndGhAsahY9yHBM7QP2Q+hQjqSRHr6YWRgzeZk/pqZnBkfMMryC17tUEDzk0Fxy9ZtSNKeAyMQtSAwWajv5jeRFOAhJKzJAQPdOIpZ0iLilmJKtYiSAxwkPUJz1FQxQQYafTWzJ4rBQP+hFXL5Rwqv7tSFEgxDhwVWWA5EAsern4n9dLpH9ppzSME0lCPFvkJwzKCObBQI9ygiUbK4Iwp+qvEA8QR1iq+Oa2CHXUgHiZCsZcjGGZtM/qplE3H85rjesiojI4AlVwAkxwARrgDjRBC2DwAt7AO/jQXrVP7Uv7npWWtKLnEMxBm/wCB9GicA==</latexit><latexit sha1_base64="BdQTogeTUXlkrVDPlwSzLJcp+J8=">AAACH3icbVDLSsNAFJ3UV62vqEs3Q4vgxpKIoBuh6EIXLirYBzQxTCaTduzkwcykUEL2/oY/4Fb/wJ247Q/4HU7aLGzrgYHDOfcx97gxo0IaxkQrrayurW+UNytb2zu7e/r+QVtECcekhSMW8a6LBGE0JC1JJSPdmBMUuIx03OFN7ndGhAsahY9yHBM7QP2Q+hQjqSRHr6YWRgzeZk/pqZnBkfMMryC17tUEDzk0Fxy9ZtSNKeAyMQtSAwWajv5jeRFOAhJKzJAQPdOIpZ0iLilmJKtYiSAxwkPUJz1FQxQQYafTWzJ4rBQP+hFXL5Rwqv7tSFEgxDhwVWWA5EAsern4n9dLpH9ppzSME0lCPFvkJwzKCObBQI9ygiUbK4Iwp+qvEA8QR1iq+Oa2CHXUgHiZCsZcjGGZtM/qplE3H85rjesiojI4AlVwAkxwARrgDjRBC2DwAt7AO/jQXrVP7Uv7npWWtKLnEMxBm/wCB9GicA==</latexit><latexit sha1_base64="BdQTogeTUXlkrVDPlwSzLJcp+J8=">AAACH3icbVDLSsNAFJ3UV62vqEs3Q4vgxpKIoBuh6EIXLirYBzQxTCaTduzkwcykUEL2/oY/4Fb/wJ247Q/4HU7aLGzrgYHDOfcx97gxo0IaxkQrrayurW+UNytb2zu7e/r+QVtECcekhSMW8a6LBGE0JC1JJSPdmBMUuIx03OFN7ndGhAsahY9yHBM7QP2Q+hQjqSRHr6YWRgzeZk/pqZnBkfMMryC17tUEDzk0Fxy9ZtSNKeAyMQtSAwWajv5jeRFOAhJKzJAQPdOIpZ0iLilmJKtYiSAxwkPUJz1FQxQQYafTWzJ4rBQP+hFXL5Rwqv7tSFEgxDhwVWWA5EAsern4n9dLpH9ppzSME0lCPFvkJwzKCObBQI9ygiUbK4Iwp+qvEA8QR1iq+Oa2CHXUgHiZCsZcjGGZtM/qplE3H85rjesiojI4AlVwAkxwARrgDjRBC2DwAt7AO/jQXrVP7Uv7npWWtKLnEMxBm/wCB9GicA==</latexit><latexit sha1_base64="BdQTogeTUXlkrVDPlwSzLJcp+J8=">AAACH3icbVDLSsNAFJ3UV62vqEs3Q4vgxpKIoBuh6EIXLirYBzQxTCaTduzkwcykUEL2/oY/4Fb/wJ247Q/4HU7aLGzrgYHDOfcx97gxo0IaxkQrrayurW+UNytb2zu7e/r+QVtECcekhSMW8a6LBGE0JC1JJSPdmBMUuIx03OFN7ndGhAsahY9yHBM7QP2Q+hQjqSRHr6YWRgzeZk/pqZnBkfMMryC17tUEDzk0Fxy9ZtSNKeAyMQtSAwWajv5jeRFOAhJKzJAQPdOIpZ0iLilmJKtYiSAxwkPUJz1FQxQQYafTWzJ4rBQP+hFXL5Rwqv7tSFEgxDhwVWWA5EAsern4n9dLpH9ppzSME0lCPFvkJwzKCObBQI9ygiUbK4Iwp+qvEA8QR1iq+Oa2CHXUgHiZCsZcjGGZtM/qplE3H85rjesiojI4AlVwAkxwARrgDjRBC2DwAt7AO/jQXrVP7Uv7npWWtKLnEMxBm/wCB9GicA==</latexit>

At fixed finite volume, take the continuum limit

Look at the finite-size scaling of eigenvalues:

SU(N)
<latexit sha1_base64="hqyHyqo3Ar4LLel0QW7iaRSjbzo=">AAACB3icbVBLSgNBEO2Jvxh/UZduBoMQN2FGBF0G3biSiOYDmRB6OpWkSU/P0F0jhmEO4AXc6g3ciVuP4QU8h51kFibxQcHjvSqq6vmR4Bod59vKrayurW/kNwtb2zu7e8X9g4YOY8WgzkIRqpZPNQguoY4cBbQiBTTwBTT90fXEbz6C0jyUDziOoBPQgeR9zigayfMQnjC5r6fl29NuseRUnCnsZeJmpEQy1LrFH68XsjgAiUxQrduuE2EnoQo5E5AWvFhDRNmIDqBtqKQB6E4yvTm1T4zSs/uhMiXRnqp/JxIaaD0OfNMZUBzqRW8i/ue1Y+xfdhIuoxhBstmifixsDO1JAHaPK2AoxoZQpri51WZDqihDE9PcFm2eGkIvNcG4izEsk8ZZxXUq7t15qXqVRZQnR+SYlIlLLkiV3JAaqRNGIvJCXsmb9Wy9Wx/W56w1Z2Uzh2QO1tcvGaaaGw==</latexit><latexit sha1_base64="hqyHyqo3Ar4LLel0QW7iaRSjbzo=">AAACB3icbVBLSgNBEO2Jvxh/UZduBoMQN2FGBF0G3biSiOYDmRB6OpWkSU/P0F0jhmEO4AXc6g3ciVuP4QU8h51kFibxQcHjvSqq6vmR4Bod59vKrayurW/kNwtb2zu7e8X9g4YOY8WgzkIRqpZPNQguoY4cBbQiBTTwBTT90fXEbz6C0jyUDziOoBPQgeR9zigayfMQnjC5r6fl29NuseRUnCnsZeJmpEQy1LrFH68XsjgAiUxQrduuE2EnoQo5E5AWvFhDRNmIDqBtqKQB6E4yvTm1T4zSs/uhMiXRnqp/JxIaaD0OfNMZUBzqRW8i/ue1Y+xfdhIuoxhBstmifixsDO1JAHaPK2AoxoZQpri51WZDqihDE9PcFm2eGkIvNcG4izEsk8ZZxXUq7t15qXqVRZQnR+SYlIlLLkiV3JAaqRNGIvJCXsmb9Wy9Wx/W56w1Z2Uzh2QO1tcvGaaaGw==</latexit><latexit sha1_base64="hqyHyqo3Ar4LLel0QW7iaRSjbzo=">AAACB3icbVBLSgNBEO2Jvxh/UZduBoMQN2FGBF0G3biSiOYDmRB6OpWkSU/P0F0jhmEO4AXc6g3ciVuP4QU8h51kFibxQcHjvSqq6vmR4Bod59vKrayurW/kNwtb2zu7e8X9g4YOY8WgzkIRqpZPNQguoY4cBbQiBTTwBTT90fXEbz6C0jyUDziOoBPQgeR9zigayfMQnjC5r6fl29NuseRUnCnsZeJmpEQy1LrFH68XsjgAiUxQrduuE2EnoQo5E5AWvFhDRNmIDqBtqKQB6E4yvTm1T4zSs/uhMiXRnqp/JxIaaD0OfNMZUBzqRW8i/ue1Y+xfdhIuoxhBstmifixsDO1JAHaPK2AoxoZQpri51WZDqihDE9PcFm2eGkIvNcG4izEsk8ZZxXUq7t15qXqVRZQnR+SYlIlLLkiV3JAaqRNGIvJCXsmb9Wy9Wx/W56w1Z2Uzh2QO1tcvGaaaGw==</latexit><latexit sha1_base64="hqyHyqo3Ar4LLel0QW7iaRSjbzo=">AAACB3icbVBLSgNBEO2Jvxh/UZduBoMQN2FGBF0G3biSiOYDmRB6OpWkSU/P0F0jhmEO4AXc6g3ciVuP4QU8h51kFibxQcHjvSqq6vmR4Bod59vKrayurW/kNwtb2zu7e8X9g4YOY8WgzkIRqpZPNQguoY4cBbQiBTTwBTT90fXEbz6C0jyUDziOoBPQgeR9zigayfMQnjC5r6fl29NuseRUnCnsZeJmpEQy1LrFH68XsjgAiUxQrduuE2EnoQo5E5AWvFhDRNmIDqBtqKQB6E4yvTm1T4zSs/uhMiXRnqp/JxIaaD0OfNMZUBzqRW8i/ue1Y+xfdhIuoxhBstmifixsDO1JAHaPK2AoxoZQpri51WZDqihDE9PcFm2eGkIvNcG4izEsk8ZZxXUq7t15qXqVRZQnR+SYlIlLLkiV3JAaqRNGIvJCXsmb9Wy9Wx/W56w1Z2Uzh2QO1tcvGaaaGw==</latexit>

SU(n)⇥ SU(n)
<latexit sha1_base64="BH5eScPzMI3eLkuqxFI9E03tNVs=">AAACHHicbVDLSgMxFM3UV62vqksXBotQN2VGBF0W3bisaB/QlpJJb9vQTGZI7ohl6NLf8Afc6h+4E7eCP+B3mD4WfXggcDjnXk7u8SMpDLruj5NaWV1b30hvZra2d3b3svsHFRPGmkOZhzLUNZ8ZkEJBGQVKqEUaWOBLqPr9m5FffQRtRKgecBBBM2BdJTqCM7RSK3vcQHjC5L48zKuzBooADJ2VWtmcW3DHoMvEm5IcmaLUyv422iGPA1DIJTOm7rkRNhOmUXAJw0wjNhAx3mddqFuqmE1sJuNDhvTUKm3aCbV9CulYnd1IWGDMIPDtZMCwZxa9kfifV4+xc9VMhIpiBMUnQZ1YUgzpqBXaFho4yoEljGth/0p5j2nG0XY3l2LsUT1oD20x3mINy6RyXvDcgnd3kSteTytKkyNyQvLEI5ekSG5JiZQJJ8/klbyRd+fF+XA+na/JaMqZ7hySOTjff3tjokg=</latexit><latexit sha1_base64="BH5eScPzMI3eLkuqxFI9E03tNVs=">AAACHHicbVDLSgMxFM3UV62vqksXBotQN2VGBF0W3bisaB/QlpJJb9vQTGZI7ohl6NLf8Afc6h+4E7eCP+B3mD4WfXggcDjnXk7u8SMpDLruj5NaWV1b30hvZra2d3b3svsHFRPGmkOZhzLUNZ8ZkEJBGQVKqEUaWOBLqPr9m5FffQRtRKgecBBBM2BdJTqCM7RSK3vcQHjC5L48zKuzBooADJ2VWtmcW3DHoMvEm5IcmaLUyv422iGPA1DIJTOm7rkRNhOmUXAJw0wjNhAx3mddqFuqmE1sJuNDhvTUKm3aCbV9CulYnd1IWGDMIPDtZMCwZxa9kfifV4+xc9VMhIpiBMUnQZ1YUgzpqBXaFho4yoEljGth/0p5j2nG0XY3l2LsUT1oD20x3mINy6RyXvDcgnd3kSteTytKkyNyQvLEI5ekSG5JiZQJJ8/klbyRd+fF+XA+na/JaMqZ7hySOTjff3tjokg=</latexit><latexit sha1_base64="BH5eScPzMI3eLkuqxFI9E03tNVs=">AAACHHicbVDLSgMxFM3UV62vqksXBotQN2VGBF0W3bisaB/QlpJJb9vQTGZI7ohl6NLf8Afc6h+4E7eCP+B3mD4WfXggcDjnXk7u8SMpDLruj5NaWV1b30hvZra2d3b3svsHFRPGmkOZhzLUNZ8ZkEJBGQVKqEUaWOBLqPr9m5FffQRtRKgecBBBM2BdJTqCM7RSK3vcQHjC5L48zKuzBooADJ2VWtmcW3DHoMvEm5IcmaLUyv422iGPA1DIJTOm7rkRNhOmUXAJw0wjNhAx3mddqFuqmE1sJuNDhvTUKm3aCbV9CulYnd1IWGDMIPDtZMCwZxa9kfifV4+xc9VMhIpiBMUnQZ1YUgzpqBXaFho4yoEljGth/0p5j2nG0XY3l2LsUT1oD20x3mINy6RyXvDcgnd3kSteTytKkyNyQvLEI5ekSG5JiZQJJ8/klbyRd+fF+XA+na/JaMqZ7hySOTjff3tjokg=</latexit><latexit sha1_base64="BH5eScPzMI3eLkuqxFI9E03tNVs=">AAACHHicbVDLSgMxFM3UV62vqksXBotQN2VGBF0W3bisaB/QlpJJb9vQTGZI7ohl6NLf8Afc6h+4E7eCP+B3mD4WfXggcDjnXk7u8SMpDLruj5NaWV1b30hvZra2d3b3svsHFRPGmkOZhzLUNZ8ZkEJBGQVKqEUaWOBLqPr9m5FffQRtRKgecBBBM2BdJTqCM7RSK3vcQHjC5L48zKuzBooADJ2VWtmcW3DHoMvEm5IcmaLUyv422iGPA1DIJTOm7rkRNhOmUXAJw0wjNhAx3mddqFuqmE1sJuNDhvTUKm3aCbV9CulYnd1IWGDMIPDtZMCwZxa9kfifV4+xc9VMhIpiBMUnQZ1YUgzpqBXaFho4yoEljGth/0p5j2nG0XY3l2LsUT1oD20x3mINy6RyXvDcgnd3kSteTytKkyNyQvLEI5ekSG5JiZQJJ8/klbyRd+fF+XA+na/JaMqZ7hySOTjff3tjokg=</latexit>

lim
`!1

�j / `�3

<latexit sha1_base64="LQ+CpdKZCgzBQOYV0/Bw0bt7xBs="></latexit><latexit sha1_base64="LQ+CpdKZCgzBQOYV0/Bw0bt7xBs="></latexit><latexit sha1_base64="LQ+CpdKZCgzBQOYV0/Bw0bt7xBs="></latexit><latexit sha1_base64="LQ+CpdKZCgzBQOYV0/Bw0bt7xBs="></latexit>

lim
`!1

�j / `�1��S

<latexit sha1_base64="iysOKQg6aRnf8IqLU0HoPiwdZLc="></latexit><latexit sha1_base64="iysOKQg6aRnf8IqLU0HoPiwdZLc="></latexit><latexit sha1_base64="iysOKQg6aRnf8IqLU0HoPiwdZLc="></latexit><latexit sha1_base64="iysOKQg6aRnf8IqLU0HoPiwdZLc="></latexit>

⌃ = lim
`!1

⇢
⌃i(`) =

zi
�i`3

�

<latexit sha1_base64="G8yH2H+HdVb+D0YmmX3LmAtPRk0="></latexit><latexit sha1_base64="G8yH2H+HdVb+D0YmmX3LmAtPRk0="></latexit><latexit sha1_base64="G8yH2H+HdVb+D0YmmX3LmAtPRk0="></latexit><latexit sha1_base64="G8yH2H+HdVb+D0YmmX3LmAtPRk0="></latexit>

RMT

Continuum limits

Banks, Casher+Leutwyler, Smilga, Damgaard, Verbaarschot,…




Distinguishing conformal and scale-broken theories

�j` = lim
L!1

⇤jL
<latexit sha1_base64="ftb+d06H/psC5ViQ1T0znmCJIy4=">AAACLHicbVDLSgMxFM3UV62vqks3wSK4qjMi6EYounHRRQX7gE4ZMpk7bWwmMyQZoQz9DH/DH3Crf+BGxG2/w/Qh2NYDgcM553Jzj59wprRtf1q5ldW19Y38ZmFre2d3r7h/0FBxKinUacxj2fKJAs4E1DXTHFqJBBL5HJp+/3bsN59AKhaLBz1IoBORrmAho0QbySueudyEA+I9Yhc4x9fY5SzysqqrY+wyEerBELvV30zVK5bssj0BXibOjJTQDDWvOHKDmKYRCE05Uart2InuZERqRjkMC26qICG0T7rQNlSQCFQnmxw2xCdGCXAYS/OExhP170RGIqUGkW+SEdE9teiNxf+8dqrDq07GRJJqEHS6KEw5NkePW8IBk0A1HxhCqGTmr5j2iCRUmy7ntihzVA+CoSnGWaxhmTTOy45ddu4vSpWbWUV5dISO0Sly0CWqoDtUQ3VE0TN6RW/o3XqxPqwv63sazVmzmUM0B2v0A/IUqB4=</latexit><latexit sha1_base64="ftb+d06H/psC5ViQ1T0znmCJIy4=">AAACLHicbVDLSgMxFM3UV62vqks3wSK4qjMi6EYounHRRQX7gE4ZMpk7bWwmMyQZoQz9DH/DH3Crf+BGxG2/w/Qh2NYDgcM553Jzj59wprRtf1q5ldW19Y38ZmFre2d3r7h/0FBxKinUacxj2fKJAs4E1DXTHFqJBBL5HJp+/3bsN59AKhaLBz1IoBORrmAho0QbySueudyEA+I9Yhc4x9fY5SzysqqrY+wyEerBELvV30zVK5bssj0BXibOjJTQDDWvOHKDmKYRCE05Uart2InuZERqRjkMC26qICG0T7rQNlSQCFQnmxw2xCdGCXAYS/OExhP170RGIqUGkW+SEdE9teiNxf+8dqrDq07GRJJqEHS6KEw5NkePW8IBk0A1HxhCqGTmr5j2iCRUmy7ntihzVA+CoSnGWaxhmTTOy45ddu4vSpWbWUV5dISO0Sly0CWqoDtUQ3VE0TN6RW/o3XqxPqwv63sazVmzmUM0B2v0A/IUqB4=</latexit><latexit sha1_base64="ftb+d06H/psC5ViQ1T0znmCJIy4=">AAACLHicbVDLSgMxFM3UV62vqks3wSK4qjMi6EYounHRRQX7gE4ZMpk7bWwmMyQZoQz9DH/DH3Crf+BGxG2/w/Qh2NYDgcM553Jzj59wprRtf1q5ldW19Y38ZmFre2d3r7h/0FBxKinUacxj2fKJAs4E1DXTHFqJBBL5HJp+/3bsN59AKhaLBz1IoBORrmAho0QbySueudyEA+I9Yhc4x9fY5SzysqqrY+wyEerBELvV30zVK5bssj0BXibOjJTQDDWvOHKDmKYRCE05Uart2InuZERqRjkMC26qICG0T7rQNlSQCFQnmxw2xCdGCXAYS/OExhP170RGIqUGkW+SEdE9teiNxf+8dqrDq07GRJJqEHS6KEw5NkePW8IBk0A1HxhCqGTmr5j2iCRUmy7ntihzVA+CoSnGWaxhmTTOy45ddu4vSpWbWUV5dISO0Sly0CWqoDtUQ3VE0TN6RW/o3XqxPqwv63sazVmzmUM0B2v0A/IUqB4=</latexit><latexit sha1_base64="ftb+d06H/psC5ViQ1T0znmCJIy4=">AAACLHicbVDLSgMxFM3UV62vqks3wSK4qjMi6EYounHRRQX7gE4ZMpk7bWwmMyQZoQz9DH/DH3Crf+BGxG2/w/Qh2NYDgcM553Jzj59wprRtf1q5ldW19Y38ZmFre2d3r7h/0FBxKinUacxj2fKJAs4E1DXTHFqJBBL5HJp+/3bsN59AKhaLBz1IoBORrmAho0QbySueudyEA+I9Yhc4x9fY5SzysqqrY+wyEerBELvV30zVK5bssj0BXibOjJTQDDWvOHKDmKYRCE05Uart2InuZERqRjkMC26qICG0T7rQNlSQCFQnmxw2xCdGCXAYS/OExhP170RGIqUGkW+SEdE9teiNxf+8dqrDq07GRJJqEHS6KEw5NkePW8IBk0A1HxhCqGTmr5j2iCRUmy7ntihzVA+CoSnGWaxhmTTOy45ddu4vSpWbWUV5dISO0Sly0CWqoDtUQ3VE0TN6RW/o3XqxPqwv63sazVmzmUM0B2v0A/IUqB4=</latexit>

Look at the microscopic eigenvalues of the Dirac operator in a finite-volume

G�1vj = i⇤ivj
<latexit sha1_base64="BdQTogeTUXlkrVDPlwSzLJcp+J8=">AAACH3icbVDLSsNAFJ3UV62vqEs3Q4vgxpKIoBuh6EIXLirYBzQxTCaTduzkwcykUEL2/oY/4Fb/wJ247Q/4HU7aLGzrgYHDOfcx97gxo0IaxkQrrayurW+UNytb2zu7e/r+QVtECcekhSMW8a6LBGE0JC1JJSPdmBMUuIx03OFN7ndGhAsahY9yHBM7QP2Q+hQjqSRHr6YWRgzeZk/pqZnBkfMMryC17tUEDzk0Fxy9ZtSNKeAyMQtSAwWajv5jeRFOAhJKzJAQPdOIpZ0iLilmJKtYiSAxwkPUJz1FQxQQYafTWzJ4rBQP+hFXL5Rwqv7tSFEgxDhwVWWA5EAsern4n9dLpH9ppzSME0lCPFvkJwzKCObBQI9ygiUbK4Iwp+qvEA8QR1iq+Oa2CHXUgHiZCsZcjGGZtM/qplE3H85rjesiojI4AlVwAkxwARrgDjRBC2DwAt7AO/jQXrVP7Uv7npWWtKLnEMxBm/wCB9GicA==</latexit><latexit sha1_base64="BdQTogeTUXlkrVDPlwSzLJcp+J8=">AAACH3icbVDLSsNAFJ3UV62vqEs3Q4vgxpKIoBuh6EIXLirYBzQxTCaTduzkwcykUEL2/oY/4Fb/wJ247Q/4HU7aLGzrgYHDOfcx97gxo0IaxkQrrayurW+UNytb2zu7e/r+QVtECcekhSMW8a6LBGE0JC1JJSPdmBMUuIx03OFN7ndGhAsahY9yHBM7QP2Q+hQjqSRHr6YWRgzeZk/pqZnBkfMMryC17tUEDzk0Fxy9ZtSNKeAyMQtSAwWajv5jeRFOAhJKzJAQPdOIpZ0iLilmJKtYiSAxwkPUJz1FQxQQYafTWzJ4rBQP+hFXL5Rwqv7tSFEgxDhwVWWA5EAsern4n9dLpH9ppzSME0lCPFvkJwzKCObBQI9ygiUbK4Iwp+qvEA8QR1iq+Oa2CHXUgHiZCsZcjGGZtM/qplE3H85rjesiojI4AlVwAkxwARrgDjRBC2DwAt7AO/jQXrVP7Uv7npWWtKLnEMxBm/wCB9GicA==</latexit><latexit sha1_base64="BdQTogeTUXlkrVDPlwSzLJcp+J8=">AAACH3icbVDLSsNAFJ3UV62vqEs3Q4vgxpKIoBuh6EIXLirYBzQxTCaTduzkwcykUEL2/oY/4Fb/wJ247Q/4HU7aLGzrgYHDOfcx97gxo0IaxkQrrayurW+UNytb2zu7e/r+QVtECcekhSMW8a6LBGE0JC1JJSPdmBMUuIx03OFN7ndGhAsahY9yHBM7QP2Q+hQjqSRHr6YWRgzeZk/pqZnBkfMMryC17tUEDzk0Fxy9ZtSNKeAyMQtSAwWajv5jeRFOAhJKzJAQPdOIpZ0iLilmJKtYiSAxwkPUJz1FQxQQYafTWzJ4rBQP+hFXL5Rwqv7tSFEgxDhwVWWA5EAsern4n9dLpH9ppzSME0lCPFvkJwzKCObBQI9ygiUbK4Iwp+qvEA8QR1iq+Oa2CHXUgHiZCsZcjGGZtM/qplE3H85rjesiojI4AlVwAkxwARrgDjRBC2DwAt7AO/jQXrVP7Uv7npWWtKLnEMxBm/wCB9GicA==</latexit><latexit sha1_base64="BdQTogeTUXlkrVDPlwSzLJcp+J8=">AAACH3icbVDLSsNAFJ3UV62vqEs3Q4vgxpKIoBuh6EIXLirYBzQxTCaTduzkwcykUEL2/oY/4Fb/wJ247Q/4HU7aLGzrgYHDOfcx97gxo0IaxkQrrayurW+UNytb2zu7e/r+QVtECcekhSMW8a6LBGE0JC1JJSPdmBMUuIx03OFN7ndGhAsahY9yHBM7QP2Q+hQjqSRHr6YWRgzeZk/pqZnBkfMMryC17tUEDzk0Fxy9ZtSNKeAyMQtSAwWajv5jeRFOAhJKzJAQPdOIpZ0iLilmJKtYiSAxwkPUJz1FQxQQYafTWzJ4rBQP+hFXL5Rwqv7tSFEgxDhwVWWA5EAsern4n9dLpH9ppzSME0lCPFvkJwzKCObBQI9ygiUbK4Iwp+qvEA8QR1iq+Oa2CHXUgHiZCsZcjGGZtM/qplE3H85rjesiojI4AlVwAkxwARrgDjRBC2DwAt7AO/jQXrVP7Uv7npWWtKLnEMxBm/wCB9GicA==</latexit>

At fixed finite volume, take the continuum limit

Look at the finite-size scaling of eigenvalues:

SU(N)
<latexit sha1_base64="hqyHyqo3Ar4LLel0QW7iaRSjbzo=">AAACB3icbVBLSgNBEO2Jvxh/UZduBoMQN2FGBF0G3biSiOYDmRB6OpWkSU/P0F0jhmEO4AXc6g3ciVuP4QU8h51kFibxQcHjvSqq6vmR4Bod59vKrayurW/kNwtb2zu7e8X9g4YOY8WgzkIRqpZPNQguoY4cBbQiBTTwBTT90fXEbz6C0jyUDziOoBPQgeR9zigayfMQnjC5r6fl29NuseRUnCnsZeJmpEQy1LrFH68XsjgAiUxQrduuE2EnoQo5E5AWvFhDRNmIDqBtqKQB6E4yvTm1T4zSs/uhMiXRnqp/JxIaaD0OfNMZUBzqRW8i/ue1Y+xfdhIuoxhBstmifixsDO1JAHaPK2AoxoZQpri51WZDqihDE9PcFm2eGkIvNcG4izEsk8ZZxXUq7t15qXqVRZQnR+SYlIlLLkiV3JAaqRNGIvJCXsmb9Wy9Wx/W56w1Z2Uzh2QO1tcvGaaaGw==</latexit><latexit sha1_base64="hqyHyqo3Ar4LLel0QW7iaRSjbzo=">AAACB3icbVBLSgNBEO2Jvxh/UZduBoMQN2FGBF0G3biSiOYDmRB6OpWkSU/P0F0jhmEO4AXc6g3ciVuP4QU8h51kFibxQcHjvSqq6vmR4Bod59vKrayurW/kNwtb2zu7e8X9g4YOY8WgzkIRqpZPNQguoY4cBbQiBTTwBTT90fXEbz6C0jyUDziOoBPQgeR9zigayfMQnjC5r6fl29NuseRUnCnsZeJmpEQy1LrFH68XsjgAiUxQrduuE2EnoQo5E5AWvFhDRNmIDqBtqKQB6E4yvTm1T4zSs/uhMiXRnqp/JxIaaD0OfNMZUBzqRW8i/ue1Y+xfdhIuoxhBstmifixsDO1JAHaPK2AoxoZQpri51WZDqihDE9PcFm2eGkIvNcG4izEsk8ZZxXUq7t15qXqVRZQnR+SYlIlLLkiV3JAaqRNGIvJCXsmb9Wy9Wx/W56w1Z2Uzh2QO1tcvGaaaGw==</latexit><latexit sha1_base64="hqyHyqo3Ar4LLel0QW7iaRSjbzo=">AAACB3icbVBLSgNBEO2Jvxh/UZduBoMQN2FGBF0G3biSiOYDmRB6OpWkSU/P0F0jhmEO4AXc6g3ciVuP4QU8h51kFibxQcHjvSqq6vmR4Bod59vKrayurW/kNwtb2zu7e8X9g4YOY8WgzkIRqpZPNQguoY4cBbQiBTTwBTT90fXEbz6C0jyUDziOoBPQgeR9zigayfMQnjC5r6fl29NuseRUnCnsZeJmpEQy1LrFH68XsjgAiUxQrduuE2EnoQo5E5AWvFhDRNmIDqBtqKQB6E4yvTm1T4zSs/uhMiXRnqp/JxIaaD0OfNMZUBzqRW8i/ue1Y+xfdhIuoxhBstmifixsDO1JAHaPK2AoxoZQpri51WZDqihDE9PcFm2eGkIvNcG4izEsk8ZZxXUq7t15qXqVRZQnR+SYlIlLLkiV3JAaqRNGIvJCXsmb9Wy9Wx/W56w1Z2Uzh2QO1tcvGaaaGw==</latexit><latexit sha1_base64="hqyHyqo3Ar4LLel0QW7iaRSjbzo=">AAACB3icbVBLSgNBEO2Jvxh/UZduBoMQN2FGBF0G3biSiOYDmRB6OpWkSU/P0F0jhmEO4AXc6g3ciVuP4QU8h51kFibxQcHjvSqq6vmR4Bod59vKrayurW/kNwtb2zu7e8X9g4YOY8WgzkIRqpZPNQguoY4cBbQiBTTwBTT90fXEbz6C0jyUDziOoBPQgeR9zigayfMQnjC5r6fl29NuseRUnCnsZeJmpEQy1LrFH68XsjgAiUxQrduuE2EnoQo5E5AWvFhDRNmIDqBtqKQB6E4yvTm1T4zSs/uhMiXRnqp/JxIaaD0OfNMZUBzqRW8i/ue1Y+xfdhIuoxhBstmifixsDO1JAHaPK2AoxoZQpri51WZDqihDE9PcFm2eGkIvNcG4izEsk8ZZxXUq7t15qXqVRZQnR+SYlIlLLkiV3JAaqRNGIvJCXsmb9Wy9Wx/W56w1Z2Uzh2QO1tcvGaaaGw==</latexit>

SU(n)⇥ SU(n)
<latexit sha1_base64="BH5eScPzMI3eLkuqxFI9E03tNVs=">AAACHHicbVDLSgMxFM3UV62vqksXBotQN2VGBF0W3bisaB/QlpJJb9vQTGZI7ohl6NLf8Afc6h+4E7eCP+B3mD4WfXggcDjnXk7u8SMpDLruj5NaWV1b30hvZra2d3b3svsHFRPGmkOZhzLUNZ8ZkEJBGQVKqEUaWOBLqPr9m5FffQRtRKgecBBBM2BdJTqCM7RSK3vcQHjC5L48zKuzBooADJ2VWtmcW3DHoMvEm5IcmaLUyv422iGPA1DIJTOm7rkRNhOmUXAJw0wjNhAx3mddqFuqmE1sJuNDhvTUKm3aCbV9CulYnd1IWGDMIPDtZMCwZxa9kfifV4+xc9VMhIpiBMUnQZ1YUgzpqBXaFho4yoEljGth/0p5j2nG0XY3l2LsUT1oD20x3mINy6RyXvDcgnd3kSteTytKkyNyQvLEI5ekSG5JiZQJJ8/klbyRd+fF+XA+na/JaMqZ7hySOTjff3tjokg=</latexit><latexit sha1_base64="BH5eScPzMI3eLkuqxFI9E03tNVs=">AAACHHicbVDLSgMxFM3UV62vqksXBotQN2VGBF0W3bisaB/QlpJJb9vQTGZI7ohl6NLf8Afc6h+4E7eCP+B3mD4WfXggcDjnXk7u8SMpDLruj5NaWV1b30hvZra2d3b3svsHFRPGmkOZhzLUNZ8ZkEJBGQVKqEUaWOBLqPr9m5FffQRtRKgecBBBM2BdJTqCM7RSK3vcQHjC5L48zKuzBooADJ2VWtmcW3DHoMvEm5IcmaLUyv422iGPA1DIJTOm7rkRNhOmUXAJw0wjNhAx3mddqFuqmE1sJuNDhvTUKm3aCbV9CulYnd1IWGDMIPDtZMCwZxa9kfifV4+xc9VMhIpiBMUnQZ1YUgzpqBXaFho4yoEljGth/0p5j2nG0XY3l2LsUT1oD20x3mINy6RyXvDcgnd3kSteTytKkyNyQvLEI5ekSG5JiZQJJ8/klbyRd+fF+XA+na/JaMqZ7hySOTjff3tjokg=</latexit><latexit sha1_base64="BH5eScPzMI3eLkuqxFI9E03tNVs=">AAACHHicbVDLSgMxFM3UV62vqksXBotQN2VGBF0W3bisaB/QlpJJb9vQTGZI7ohl6NLf8Afc6h+4E7eCP+B3mD4WfXggcDjnXk7u8SMpDLruj5NaWV1b30hvZra2d3b3svsHFRPGmkOZhzLUNZ8ZkEJBGQVKqEUaWOBLqPr9m5FffQRtRKgecBBBM2BdJTqCM7RSK3vcQHjC5L48zKuzBooADJ2VWtmcW3DHoMvEm5IcmaLUyv422iGPA1DIJTOm7rkRNhOmUXAJw0wjNhAx3mddqFuqmE1sJuNDhvTUKm3aCbV9CulYnd1IWGDMIPDtZMCwZxa9kfifV4+xc9VMhIpiBMUnQZ1YUgzpqBXaFho4yoEljGth/0p5j2nG0XY3l2LsUT1oD20x3mINy6RyXvDcgnd3kSteTytKkyNyQvLEI5ekSG5JiZQJJ8/klbyRd+fF+XA+na/JaMqZ7hySOTjff3tjokg=</latexit><latexit sha1_base64="BH5eScPzMI3eLkuqxFI9E03tNVs=">AAACHHicbVDLSgMxFM3UV62vqksXBotQN2VGBF0W3bisaB/QlpJJb9vQTGZI7ohl6NLf8Afc6h+4E7eCP+B3mD4WfXggcDjnXk7u8SMpDLruj5NaWV1b30hvZra2d3b3svsHFRPGmkOZhzLUNZ8ZkEJBGQVKqEUaWOBLqPr9m5FffQRtRKgecBBBM2BdJTqCM7RSK3vcQHjC5L48zKuzBooADJ2VWtmcW3DHoMvEm5IcmaLUyv422iGPA1DIJTOm7rkRNhOmUXAJw0wjNhAx3mddqFuqmE1sJuNDhvTUKm3aCbV9CulYnd1IWGDMIPDtZMCwZxa9kfifV4+xc9VMhIpiBMUnQZ1YUgzpqBXaFho4yoEljGth/0p5j2nG0XY3l2LsUT1oD20x3mINy6RyXvDcgnd3kSteTytKkyNyQvLEI5ekSG5JiZQJJ8/klbyRd+fF+XA+na/JaMqZ7hySOTjff3tjokg=</latexit>

lim
`!1

�j / `�3

<latexit sha1_base64="LQ+CpdKZCgzBQOYV0/Bw0bt7xBs="></latexit><latexit sha1_base64="LQ+CpdKZCgzBQOYV0/Bw0bt7xBs="></latexit><latexit sha1_base64="LQ+CpdKZCgzBQOYV0/Bw0bt7xBs="></latexit><latexit sha1_base64="LQ+CpdKZCgzBQOYV0/Bw0bt7xBs="></latexit>

lim
`!1

�j / `�1��S

<latexit sha1_base64="iysOKQg6aRnf8IqLU0HoPiwdZLc="></latexit><latexit sha1_base64="iysOKQg6aRnf8IqLU0HoPiwdZLc="></latexit><latexit sha1_base64="iysOKQg6aRnf8IqLU0HoPiwdZLc="></latexit><latexit sha1_base64="iysOKQg6aRnf8IqLU0HoPiwdZLc="></latexit>

⌃ = lim
`!1

⇢
⌃i(`) =

zi
�i`3

�

<latexit sha1_base64="G8yH2H+HdVb+D0YmmX3LmAtPRk0="></latexit><latexit sha1_base64="G8yH2H+HdVb+D0YmmX3LmAtPRk0="></latexit><latexit sha1_base64="G8yH2H+HdVb+D0YmmX3LmAtPRk0="></latexit><latexit sha1_base64="G8yH2H+HdVb+D0YmmX3LmAtPRk0="></latexit>

RMT

Continuum limits

Banks, Casher+Leutwyler, Smilga, Damgaard, Verbaarschot,…


RMT distribution for large-Nc



Mapping the IR phase diagram of 2+1d massless QCD

U(1)
<latexit sha1_base64="2WBzMtsIseENYOzx2lqN9STJU2g=">AAACAHicbVDLSsNAFL3xWeur6tLNYBHqpiQi6LLoxmUF0xbaUCaTSTN0MgkzE6GEbvwAt/oJ7sStf+IX+BtO2ixs64ELh3Pu5d57/JQzpW3721pb39jc2q7sVHf39g8Oa0fHHZVkklCXJDyRPR8rypmgrmaa014qKY59Trv++K7wu09UKpaIRz1JqRfjkWAhI1gXkttwLoa1ut20Z0CrxClJHUq0h7WfQZCQLKZCE46V6jt2qr0cS80Ip9PqIFM0xWSMR7RvqMAxVV4+u3WKzo0SoDCRpoRGM/XvRI5jpSaxbzpjrCO17BXif14/0+GNlzORZpoKMl8UZhzpBBWPo4BJSjSfGIKJZOZWRCIsMdEmnoUtyjwV0WBaNck4yzmsks5l07GbzsNVvXVbZlSBUziDBjhwDS24hza4QCCCF3iFN+vZerc+rM9565pVzpzAAqyvX8EbllI=</latexit><latexit sha1_base64="2WBzMtsIseENYOzx2lqN9STJU2g=">AAACAHicbVDLSsNAFL3xWeur6tLNYBHqpiQi6LLoxmUF0xbaUCaTSTN0MgkzE6GEbvwAt/oJ7sStf+IX+BtO2ixs64ELh3Pu5d57/JQzpW3721pb39jc2q7sVHf39g8Oa0fHHZVkklCXJDyRPR8rypmgrmaa014qKY59Trv++K7wu09UKpaIRz1JqRfjkWAhI1gXkttwLoa1ut20Z0CrxClJHUq0h7WfQZCQLKZCE46V6jt2qr0cS80Ip9PqIFM0xWSMR7RvqMAxVV4+u3WKzo0SoDCRpoRGM/XvRI5jpSaxbzpjrCO17BXif14/0+GNlzORZpoKMl8UZhzpBBWPo4BJSjSfGIKJZOZWRCIsMdEmnoUtyjwV0WBaNck4yzmsks5l07GbzsNVvXVbZlSBUziDBjhwDS24hza4QCCCF3iFN+vZerc+rM9565pVzpzAAqyvX8EbllI=</latexit><latexit sha1_base64="2WBzMtsIseENYOzx2lqN9STJU2g=">AAACAHicbVDLSsNAFL3xWeur6tLNYBHqpiQi6LLoxmUF0xbaUCaTSTN0MgkzE6GEbvwAt/oJ7sStf+IX+BtO2ixs64ELh3Pu5d57/JQzpW3721pb39jc2q7sVHf39g8Oa0fHHZVkklCXJDyRPR8rypmgrmaa014qKY59Trv++K7wu09UKpaIRz1JqRfjkWAhI1gXkttwLoa1ut20Z0CrxClJHUq0h7WfQZCQLKZCE46V6jt2qr0cS80Ip9PqIFM0xWSMR7RvqMAxVV4+u3WKzo0SoDCRpoRGM/XvRI5jpSaxbzpjrCO17BXif14/0+GNlzORZpoKMl8UZhzpBBWPo4BJSjSfGIKJZOZWRCIsMdEmnoUtyjwV0WBaNck4yzmsks5l07GbzsNVvXVbZlSBUziDBjhwDS24hza4QCCCF3iFN+vZerc+rM9565pVzpzAAqyvX8EbllI=</latexit><latexit sha1_base64="2WBzMtsIseENYOzx2lqN9STJU2g=">AAACAHicbVDLSsNAFL3xWeur6tLNYBHqpiQi6LLoxmUF0xbaUCaTSTN0MgkzE6GEbvwAt/oJ7sStf+IX+BtO2ixs64ELh3Pu5d57/JQzpW3721pb39jc2q7sVHf39g8Oa0fHHZVkklCXJDyRPR8rypmgrmaa014qKY59Trv++K7wu09UKpaIRz1JqRfjkWAhI1gXkttwLoa1ut20Z0CrxClJHUq0h7WfQZCQLKZCE46V6jt2qr0cS80Ip9PqIFM0xWSMR7RvqMAxVV4+u3WKzo0SoDCRpoRGM/XvRI5jpSaxbzpjrCO17BXif14/0+GNlzORZpoKMl8UZhzpBBWPo4BJSjSfGIKJZOZWRCIsMdEmnoUtyjwV0WBaNck4yzmsks5l07GbzsNVvXVbZlSBUziDBjhwDS24hza4QCCCF3iFN+vZerc+rM9565pVzpzAAqyvX8EbllI=</latexit>

SU(2)
<latexit sha1_base64="PGU7ZhM0Hq2LhxbPgiKpzk0DJ1A=">AAACAXicbVDLSgNBEOz1GeMr6tHLYBDiJewGQY9BLx4jukkgWcLspDcZMvtgZlYIS05+gFf9BG/i1S/xC/wNJ8keTGJBQ1HVTXeXnwiutG1/W2vrG5tb24Wd4u7e/sFh6ei4qeJUMnRZLGLZ9qlCwSN0NdcC24lEGvoCW/7oduq3nlAqHkePepygF9JBxAPOqDaS++BWahe9Utmu2jOQVeLkpAw5Gr3ST7cfszTESDNBleo4dqK9jErNmcBJsZsqTCgb0QF2DI1oiMrLZsdOyLlR+iSIpalIk5n6dyKjoVLj0DedIdVDtexNxf+8TqqDay/jUZJqjNh8UZAKomMy/Zz0uUSmxdgQyiQ3txI2pJIybfJZ2KLMU0PsT4omGWc5h1XSrFUdu+rcX5brN3lGBTiFM6iAA1dQhztogAsMOLzAK7xZz9a79WF9zlvXrHzmBBZgff0CbaqWsA==</latexit><latexit sha1_base64="PGU7ZhM0Hq2LhxbPgiKpzk0DJ1A=">AAACAXicbVDLSgNBEOz1GeMr6tHLYBDiJewGQY9BLx4jukkgWcLspDcZMvtgZlYIS05+gFf9BG/i1S/xC/wNJ8keTGJBQ1HVTXeXnwiutG1/W2vrG5tb24Wd4u7e/sFh6ei4qeJUMnRZLGLZ9qlCwSN0NdcC24lEGvoCW/7oduq3nlAqHkePepygF9JBxAPOqDaS++BWahe9Utmu2jOQVeLkpAw5Gr3ST7cfszTESDNBleo4dqK9jErNmcBJsZsqTCgb0QF2DI1oiMrLZsdOyLlR+iSIpalIk5n6dyKjoVLj0DedIdVDtexNxf+8TqqDay/jUZJqjNh8UZAKomMy/Zz0uUSmxdgQyiQ3txI2pJIybfJZ2KLMU0PsT4omGWc5h1XSrFUdu+rcX5brN3lGBTiFM6iAA1dQhztogAsMOLzAK7xZz9a79WF9zlvXrHzmBBZgff0CbaqWsA==</latexit><latexit sha1_base64="PGU7ZhM0Hq2LhxbPgiKpzk0DJ1A=">AAACAXicbVDLSgNBEOz1GeMr6tHLYBDiJewGQY9BLx4jukkgWcLspDcZMvtgZlYIS05+gFf9BG/i1S/xC/wNJ8keTGJBQ1HVTXeXnwiutG1/W2vrG5tb24Wd4u7e/sFh6ei4qeJUMnRZLGLZ9qlCwSN0NdcC24lEGvoCW/7oduq3nlAqHkePepygF9JBxAPOqDaS++BWahe9Utmu2jOQVeLkpAw5Gr3ST7cfszTESDNBleo4dqK9jErNmcBJsZsqTCgb0QF2DI1oiMrLZsdOyLlR+iSIpalIk5n6dyKjoVLj0DedIdVDtexNxf+8TqqDay/jUZJqjNh8UZAKomMy/Zz0uUSmxdgQyiQ3txI2pJIybfJZ2KLMU0PsT4omGWc5h1XSrFUdu+rcX5brN3lGBTiFM6iAA1dQhztogAsMOLzAK7xZz9a79WF9zlvXrHzmBBZgff0CbaqWsA==</latexit><latexit sha1_base64="PGU7ZhM0Hq2LhxbPgiKpzk0DJ1A=">AAACAXicbVDLSgNBEOz1GeMr6tHLYBDiJewGQY9BLx4jukkgWcLspDcZMvtgZlYIS05+gFf9BG/i1S/xC/wNJ8keTGJBQ1HVTXeXnwiutG1/W2vrG5tb24Wd4u7e/sFh6ei4qeJUMnRZLGLZ9qlCwSN0NdcC24lEGvoCW/7oduq3nlAqHkePepygF9JBxAPOqDaS++BWahe9Utmu2jOQVeLkpAw5Gr3ST7cfszTESDNBleo4dqK9jErNmcBJsZsqTCgb0QF2DI1oiMrLZsdOyLlR+iSIpalIk5n6dyKjoVLj0DedIdVDtexNxf+8TqqDay/jUZJqjNh8UZAKomMy/Zz0uUSmxdgQyiQ3txI2pJIybfJZ2KLMU0PsT4omGWc5h1XSrFUdu+rcX5brN3lGBTiFM6iAA1dQhztogAsMOLzAK7xZz9a79WF9zlvXrHzmBBZgff0CbaqWsA==</latexit>
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Mapping the IR phase diagram of 2+1d massless QCD



Mapping the IR phase diagram of 2+1d massless QCD



Mapping the IR phase diagram of 2+1d massless QCD
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degenerate?

Self-duality of QED3: a prediction from particle-vortex duality

Xu, You ’15; Seiberg, Hsin ’16; Wang et al, ’16 
1707.11143




Capturing IR of noncompact QED3 by a quadratic 
conformal induced gauge action

Large-N  
IR-FP

UV-FP 
(Gaussian)

1

4g2
F 2
µ⌫

<latexit sha1_base64="XtWyPp+fmyWqwOdLUiJeGTnoaog=">AAACGHicbZDLSsNAFIYn9VbrLeqym8EiuCpJKeiyKIjLCvYCTRomk0k7dDIJMxOhhCx8DV/Arb6BO3HrzhfwOZy2WdjWHwZ+/nMOZ87nJ4xKZVnfRmljc2t7p7xb2ds/ODwyj0+6Mk4FJh0cs1j0fSQJo5x0FFWM9BNBUOQz0vMnN7N675EISWP+oKYJcSM04jSkGCkdeWbVCQXCmZ1nzdGwkcNbL3Oi1OFpPmx4Zs2qW3PBdWMXpgYKtT3zxwlinEaEK8yQlAPbSpSbIaEoZiSvOKkkCcITNCIDbTmKiHSz+RE5PNdJAMNY6McVnKd/JzIUSTmNfN0ZITWWq7VZ+F9tkKrwys0oT1JFOF4sClMGVQxnRGBABcGKTbVBWFD9V4jHSFNRmtvSFqmPGpMg12DsVQzrptuo21bdvm/WWtcFojKogjNwAWxwCVrgDrRBB2DwBF7AK3gzno1348P4XLSWjGLmFCzJ+PoFN+2gkA==</latexit><latexit sha1_base64="XtWyPp+fmyWqwOdLUiJeGTnoaog=">AAACGHicbZDLSsNAFIYn9VbrLeqym8EiuCpJKeiyKIjLCvYCTRomk0k7dDIJMxOhhCx8DV/Arb6BO3HrzhfwOZy2WdjWHwZ+/nMOZ87nJ4xKZVnfRmljc2t7p7xb2ds/ODwyj0+6Mk4FJh0cs1j0fSQJo5x0FFWM9BNBUOQz0vMnN7N675EISWP+oKYJcSM04jSkGCkdeWbVCQXCmZ1nzdGwkcNbL3Oi1OFpPmx4Zs2qW3PBdWMXpgYKtT3zxwlinEaEK8yQlAPbSpSbIaEoZiSvOKkkCcITNCIDbTmKiHSz+RE5PNdJAMNY6McVnKd/JzIUSTmNfN0ZITWWq7VZ+F9tkKrwys0oT1JFOF4sClMGVQxnRGBABcGKTbVBWFD9V4jHSFNRmtvSFqmPGpMg12DsVQzrptuo21bdvm/WWtcFojKogjNwAWxwCVrgDrRBB2DwBF7AK3gzno1348P4XLSWjGLmFCzJ+PoFN+2gkA==</latexit><latexit sha1_base64="XtWyPp+fmyWqwOdLUiJeGTnoaog=">AAACGHicbZDLSsNAFIYn9VbrLeqym8EiuCpJKeiyKIjLCvYCTRomk0k7dDIJMxOhhCx8DV/Arb6BO3HrzhfwOZy2WdjWHwZ+/nMOZ87nJ4xKZVnfRmljc2t7p7xb2ds/ODwyj0+6Mk4FJh0cs1j0fSQJo5x0FFWM9BNBUOQz0vMnN7N675EISWP+oKYJcSM04jSkGCkdeWbVCQXCmZ1nzdGwkcNbL3Oi1OFpPmx4Zs2qW3PBdWMXpgYKtT3zxwlinEaEK8yQlAPbSpSbIaEoZiSvOKkkCcITNCIDbTmKiHSz+RE5PNdJAMNY6McVnKd/JzIUSTmNfN0ZITWWq7VZ+F9tkKrwys0oT1JFOF4sClMGVQxnRGBABcGKTbVBWFD9V4jHSFNRmtvSFqmPGpMg12DsVQzrptuo21bdvm/WWtcFojKogjNwAWxwCVrgDrRBB2DwBF7AK3gzno1348P4XLSWjGLmFCzJ+PoFN+2gkA==</latexit><latexit sha1_base64="XtWyPp+fmyWqwOdLUiJeGTnoaog=">AAACGHicbZDLSsNAFIYn9VbrLeqym8EiuCpJKeiyKIjLCvYCTRomk0k7dDIJMxOhhCx8DV/Arb6BO3HrzhfwOZy2WdjWHwZ+/nMOZ87nJ4xKZVnfRmljc2t7p7xb2ds/ODwyj0+6Mk4FJh0cs1j0fSQJo5x0FFWM9BNBUOQz0vMnN7N675EISWP+oKYJcSM04jSkGCkdeWbVCQXCmZ1nzdGwkcNbL3Oi1OFpPmx4Zs2qW3PBdWMXpgYKtT3zxwlinEaEK8yQlAPbSpSbIaEoZiSvOKkkCcITNCIDbTmKiHSz+RE5PNdJAMNY6McVnKd/JzIUSTmNfN0ZITWWq7VZ+F9tkKrwys0oT1JFOF4sClMGVQxnRGBABcGKTbVBWFD9V4jHSFNRmtvSFqmPGpMg12DsVQzrptuo21bdvm/WWtcFojKogjNwAWxwCVrgDrRBB2DwBF7AK3gzno1348P4XLSWjGLmFCzJ+PoFN+2gkA==</latexit>

“bare” UV gauge-action

1

2

✓
N

32

◆
Fµ⌫⇤�1/2Fµ⌫ +O(N0)

<latexit sha1_base64="KfcKBwoA2VN6d90nP4w+UZ62tNE="></latexit><latexit sha1_base64="KfcKBwoA2VN6d90nP4w+UZ62tNE="></latexit><latexit sha1_base64="KfcKBwoA2VN6d90nP4w+UZ62tNE="></latexit><latexit sha1_base64="KfcKBwoA2VN6d90nP4w+UZ62tNE="></latexit>

Systematic 1/N expansion using this action: 

Giombi et al ’16;  Chester, Pufu ’16, …
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With the only condition being…

Systematic 1/N expansion using this action: 

Giombi et al ’16;  Chester, Pufu ’16, …
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Study a conformal lattice gauge theory coupled to fermion sources


Charge q is the dimensionless parameter 
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Study a conformal lattice gauge theory coupled to fermion sources


Charge q is the dimensionless parameter 

Proposal:

Approximate q-N map by 
matching scaling dimensions 

N-flavor QED3:  
determine infrared CFT data 
nonperturbatively

Charge-q lattice model: 
determine CFT data in fermionic 
observables 

Test for other agreements 
between QED3 and model at 
matched q



Determine scalar anomalous 
dimension         in the model�S
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Unitarity limit

Estimated from ‘full’ QED3

From CFT model

2009.01313




QED3 Dirac eigenvalue distribution 
matches better with a CFT than RMT
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self-dual?

hV µ(0)Vµ(x)i = CV |x|�4
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degenerate?

N=2 QED3

2009.01313




1) A nice system to use lattice to obtain CFT data in 3-pt functions

3) Extension of non-compact CFT model to include monopoles?

2) What are the scaling dimensions of flavor-singlet parity-even 4-fermi operators as   
function of q?      (fermion line disconnected pieces)

hOi(z1)Oj(z2)Ok(z3)i =
Cijk

|z2 � z1|��1��2+�3 |z3 � z2|��2��3+�1 |z1 � z3|��3��1+�2
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Scaling dimension of topological defects



Compact QED3 Monopoles occur in the U(1) path-integral

Problem: how to define compact QED3 as a QFT with a good UV completion?  

Perhaps as a limit of SU(2) Georgi-Glashow model  

Indirect approach: find RG relevance of monopole operators MQ at non-compact QED3 
IRFP  

UV-FP 
(Gaussian) Large-N  

IR-FPNC-QED

C-QED

NC-QED

C-QED

small-N  
IR-FP of NC-QED3

Monopole operator M1 relevant

Monopole operator M1 
irrelevant

(Pufu)

Pure compact lattice theory: confining but no lines of constant physics
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Evaluate by M.C. for each ⇣
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N = 12± 2
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<latexit sha1_base64="1ZI27lwPKd76i+AsvfSYvl+J60Q="></latexit><latexit sha1_base64="1ZI27lwPKd76i+AsvfSYvl+J60Q="></latexit><latexit sha1_base64="1ZI27lwPKd76i+AsvfSYvl+J60Q="></latexit><latexit sha1_base64="1ZI27lwPKd76i+AsvfSYvl+J60Q="></latexit>

�1(N = 2) = 0.82(2) > 0.5
<latexit sha1_base64="S+NsWrsF9AG4xOg7lDGUdnY0eCY=">AAACGnicbZDLSgMxFIYzXmu9jboUIViEuhlmimI3laIuXEkFe4G2lEzmtA3NXEgyQhm68jV8Abf6Bu7ErRtfwOcwbWdhW38IfPznHE7O70acSWXb38bS8srq2npmI7u5tb2za+7t12QYCwpVGvJQNFwigbMAqoopDo1IAPFdDnV3cD2u1x9BSBYGD2oYQdsnvYB1GSVKWx3zqHUDXJGOk78rFU5xCdtWsZDXdKnpvGPmbMueCC+Ck0IOpap0zJ+WF9LYh0BRTqRsOnak2gkRilEOo2wrlhAROiA9aGoMiA+ynUzOGOET7Xi4Gwr9AoUn7t+JhPhSDn1Xd/pE9eV8bWz+V2vGqltsJyyIYgUBnS7qxhyrEI8zwR4TQBUfaiBUMP1XTPtEEKp0cjNbpD6qD95IB+PMx7AItYLl2JZzf5YrX6URZdAhOkZ55KALVEa3qIKqiKIn9IJe0ZvxbLwbH8bntHXJSGcO0IyMr18kO51T</latexit><latexit sha1_base64="S+NsWrsF9AG4xOg7lDGUdnY0eCY=">AAACGnicbZDLSgMxFIYzXmu9jboUIViEuhlmimI3laIuXEkFe4G2lEzmtA3NXEgyQhm68jV8Abf6Bu7ErRtfwOcwbWdhW38IfPznHE7O70acSWXb38bS8srq2npmI7u5tb2za+7t12QYCwpVGvJQNFwigbMAqoopDo1IAPFdDnV3cD2u1x9BSBYGD2oYQdsnvYB1GSVKWx3zqHUDXJGOk78rFU5xCdtWsZDXdKnpvGPmbMueCC+Ck0IOpap0zJ+WF9LYh0BRTqRsOnak2gkRilEOo2wrlhAROiA9aGoMiA+ynUzOGOET7Xi4Gwr9AoUn7t+JhPhSDn1Xd/pE9eV8bWz+V2vGqltsJyyIYgUBnS7qxhyrEI8zwR4TQBUfaiBUMP1XTPtEEKp0cjNbpD6qD95IB+PMx7AItYLl2JZzf5YrX6URZdAhOkZ55KALVEa3qIKqiKIn9IJe0ZvxbLwbH8bntHXJSGcO0IyMr18kO51T</latexit><latexit sha1_base64="S+NsWrsF9AG4xOg7lDGUdnY0eCY=">AAACGnicbZDLSgMxFIYzXmu9jboUIViEuhlmimI3laIuXEkFe4G2lEzmtA3NXEgyQhm68jV8Abf6Bu7ErRtfwOcwbWdhW38IfPznHE7O70acSWXb38bS8srq2npmI7u5tb2za+7t12QYCwpVGvJQNFwigbMAqoopDo1IAPFdDnV3cD2u1x9BSBYGD2oYQdsnvYB1GSVKWx3zqHUDXJGOk78rFU5xCdtWsZDXdKnpvGPmbMueCC+Ck0IOpap0zJ+WF9LYh0BRTqRsOnak2gkRilEOo2wrlhAROiA9aGoMiA+ynUzOGOET7Xi4Gwr9AoUn7t+JhPhSDn1Xd/pE9eV8bWz+V2vGqltsJyyIYgUBnS7qxhyrEI8zwR4TQBUfaiBUMP1XTPtEEKp0cjNbpD6qD95IB+PMx7AItYLl2JZzf5YrX6URZdAhOkZ55KALVEa3qIKqiKIn9IJe0ZvxbLwbH8bntHXJSGcO0IyMr18kO51T</latexit><latexit sha1_base64="S+NsWrsF9AG4xOg7lDGUdnY0eCY=">AAACGnicbZDLSgMxFIYzXmu9jboUIViEuhlmimI3laIuXEkFe4G2lEzmtA3NXEgyQhm68jV8Abf6Bu7ErRtfwOcwbWdhW38IfPznHE7O70acSWXb38bS8srq2npmI7u5tb2za+7t12QYCwpVGvJQNFwigbMAqoopDo1IAPFdDnV3cD2u1x9BSBYGD2oYQdsnvYB1GSVKWx3zqHUDXJGOk78rFU5xCdtWsZDXdKnpvGPmbMueCC+Ck0IOpap0zJ+WF9LYh0BRTqRsOnak2gkRilEOo2wrlhAROiA9aGoMiA+ynUzOGOET7Xi4Gwr9AoUn7t+JhPhSDn1Xd/pE9eV8bWz+V2vGqltsJyyIYgUBnS7qxhyrEI8zwR4TQBUfaiBUMP1XTPtEEKp0cjNbpD6qD95IB+PMx7AItYLl2JZzf5YrX6URZdAhOkZ55KALVEa3qIKqiKIn9IJe0ZvxbLwbH8bntHXJSGcO0IyMr18kO51T</latexit>

(unitarity min)1
<latexit sha1_base64="wE/PZHHqKRMMJXJdB9A9EYPASQs=">AAAB/HicdVDLSsNAFJ3UV62vqks3g0VwFZIa2rorunHZgq2FNpTJ5KYdOnkwMxFKqD/gVv/Anbj1X/wBv8NJW8GKHrhwOOde7j3XSziTyrI+jMLa+sbmVnG7tLO7t39QPjzqyjgVFDo05rHoeUQCZxF0FFMceokAEnoc7rzJde7f3YOQLI5u1TQBNySjiAWMEqWltj0sVyzzslGrOjVsmZZVt6t2Tqp158LBtlZyVNASrWH5c+DHNA0hUpQTKfu2lSg3I0IxymFWGqQSEkInZAR9TSMSgnSz+aEzfKYVHwex0BUpPFd/TmQklHIaerozJGosf3u5+JfXT1XQcDMWJamCiC4WBSnHKsZ5auwzAVTxqSaECqZvxXRMBKFK/2Zli9ShxuDP9GO+0+P/Sbdq2pZpt51K82r5oiI6QafoHNmojproBrVQB1EE6BE9oWfjwXgxXo23RWvBWM4coxUY718hiJXA</latexit><latexit sha1_base64="wE/PZHHqKRMMJXJdB9A9EYPASQs=">AAAB/HicdVDLSsNAFJ3UV62vqks3g0VwFZIa2rorunHZgq2FNpTJ5KYdOnkwMxFKqD/gVv/Anbj1X/wBv8NJW8GKHrhwOOde7j3XSziTyrI+jMLa+sbmVnG7tLO7t39QPjzqyjgVFDo05rHoeUQCZxF0FFMceokAEnoc7rzJde7f3YOQLI5u1TQBNySjiAWMEqWltj0sVyzzslGrOjVsmZZVt6t2Tqp158LBtlZyVNASrWH5c+DHNA0hUpQTKfu2lSg3I0IxymFWGqQSEkInZAR9TSMSgnSz+aEzfKYVHwex0BUpPFd/TmQklHIaerozJGosf3u5+JfXT1XQcDMWJamCiC4WBSnHKsZ5auwzAVTxqSaECqZvxXRMBKFK/2Zli9ShxuDP9GO+0+P/Sbdq2pZpt51K82r5oiI6QafoHNmojproBrVQB1EE6BE9oWfjwXgxXo23RWvBWM4coxUY718hiJXA</latexit><latexit sha1_base64="wE/PZHHqKRMMJXJdB9A9EYPASQs=">AAAB/HicdVDLSsNAFJ3UV62vqks3g0VwFZIa2rorunHZgq2FNpTJ5KYdOnkwMxFKqD/gVv/Anbj1X/wBv8NJW8GKHrhwOOde7j3XSziTyrI+jMLa+sbmVnG7tLO7t39QPjzqyjgVFDo05rHoeUQCZxF0FFMceokAEnoc7rzJde7f3YOQLI5u1TQBNySjiAWMEqWltj0sVyzzslGrOjVsmZZVt6t2Tqp158LBtlZyVNASrWH5c+DHNA0hUpQTKfu2lSg3I0IxymFWGqQSEkInZAR9TSMSgnSz+aEzfKYVHwex0BUpPFd/TmQklHIaerozJGosf3u5+JfXT1XQcDMWJamCiC4WBSnHKsZ5auwzAVTxqSaECqZvxXRMBKFK/2Zli9ShxuDP9GO+0+P/Sbdq2pZpt51K82r5oiI6QafoHNmojproBrVQB1EE6BE9oWfjwXgxXo23RWvBWM4coxUY718hiJXA</latexit><latexit sha1_base64="mz8ys2cIZ5TGX7iYiwIfWOm6WLM=">AAAB7XicbVDLSgNBEOyNrxijxrOXwSB4Crte9Ch48RjBPCBZwuxsbzJkdnaZ6RXCmh/w6h94E7/IH/A7nDwOxljQUFR1090V5Upa8v0vr7Kzu7d/UD2sHdVrxyenjXrXZoUR2BGZykw/4haV1NghSQr7uUGeRgp70fR+4fee0ViZ6Sea5RimfKxlIgUnJ7VHjabf8pdg2yRYkyasMWp8D+NMFClqEopbOwj8nMKSG5JC4bw2LCzmXEz5GAeOap6iDcvlmXN26ZSYJZlxpYkt1d8TJU+tnaWR60w5TexfbyH+5w0KSm7DUuq8INRitSgpFKOMLX5msTQoSM0c4cJIdysTE264IJfMxhbrnppgPHe5BH9T2Cbd61bgt4JHH6pwDhdwBQHcwB08QBs6ICCGV3jzXrx372OVX8VbB3kGG/A+fwD/AZLt</latexit><latexit sha1_base64="i2qSfTMGl18yakVUdtz/dEPmEho=">AAAB8XicbVDLSgNBEOyNrxijRq9eBoPgKcx60aPgxWMC5gHJEmZne5Mhs7PLzKwQlvgDXvUPvIkf5A/4HU4eB5NY0FBUddPdFWZSGEvpt1fa2d3bPygfVo6qxyentbNqx6S55tjmqUx1L2QGpVDYtsJK7GUaWRJK7IaTh7nffUZtRKqe7DTDIGEjJWLBmXVSyx/W6rRBFyDbxF+ROqzQHNZ+BlHK8wSV5ZIZ0/dpZoOCaSu4xFllkBvMGJ+wEfYdVSxBExSLQ2fkyikRiVPtSlmyUP9OFCwxZpqErjNhdmw2vbn4n9fPbXwXFEJluUXFl4viXBKbkvnXJBIauZVTRxjXwt1K+Jhpxq3LZm2LcU+NMZq5YPzNGLZJ56bh04bfolCGC7iEa/DhFu7hEZrQBg4Ir/AG796L9+F9LiMseassz2EN3tcvSs6UFw==</latexit><latexit sha1_base64="R73VwtkXIInKhF59C3Vi7N1eKxk=">AAAB8XicdVDbSkJBFN3HbmZW1msvQxL0JHNM1N6CXnpUyAvoQeaMWx2cc2FmTiBiP9Br/UFv0Qf1A31Hc9QgoxZsWKw1w95r+bEU2lD64WS2tnd297L7uYP84dFx4STf1lGiOLZ4JCPV9ZlGKUJsGWEkdmOFLPAldvzpbep3HlBpEYX3ZhajF7BxKEaCM2OlpjsoFGnpul4tV6qEliituWU3JeVa5apCXKukKMIajUHhsz+MeBJgaLhkWvdcGhtvzpQRXOIi1080xoxP2Rh7loYsQO3Nl4cuyIVVhmQUKTuhIUv15485C7SeBb59GTAz0b+9VPzL6yVmVPfmIowTgyFfLRolkpiIpKnJUCjkRs4sYVwJeyvhE6YYN7abjS3ahprgcGGL+U5P/iftcsmlJbdJIQtncA6X4EINbuAOGtACDghP8AwvzqPz6rytKsw46y5PYQPO+xetL5RZ</latexit><latexit sha1_base64="gXOF4voaDLXsctP9pml59SRjoGE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHxtJlFAngjevEIiSAJbMjsbAMTZh+ZmTUhG/wBr/oH3oxX/8Uf8DucBUzEaCWdVKq6013txYIrTciHlVtb39jcym8Xdnb39g+Kh0cdFSWSQZtFIpJdjyoQPIS25lpAN5ZAA0/AnTe5zvy7e5CKR+GtnsbgBnQU8iFnVBup5QyKJWJf1qvlShUTm5CaU3YyUq5VLirYMUqGElqiOSh+9v2IJQGEmgmqVM8hsXZTKjVnAmaFfqIgpmxCR9AzNKQBKDedHzrDZ0bx8TCSpkKN5+rPiZQGSk0Dz3QGVI/Vby8T//J6iR7W3ZSHcaIhZItFw0RgHeEsNfa5BKbF1BDKJDe3YjamkjJtfrOyRZlQY/Bn5jHf6fH/pFO2HWI7LVJqXC1flEcn6BSdIwfVUAPdoCZqI4YAPaIn9Gw9WC/Wq/W2aM1Zy5ljtALr/QsgSJW8</latexit><latexit sha1_base64="wE/PZHHqKRMMJXJdB9A9EYPASQs=">AAAB/HicdVDLSsNAFJ3UV62vqks3g0VwFZIa2rorunHZgq2FNpTJ5KYdOnkwMxFKqD/gVv/Anbj1X/wBv8NJW8GKHrhwOOde7j3XSziTyrI+jMLa+sbmVnG7tLO7t39QPjzqyjgVFDo05rHoeUQCZxF0FFMceokAEnoc7rzJde7f3YOQLI5u1TQBNySjiAWMEqWltj0sVyzzslGrOjVsmZZVt6t2Tqp158LBtlZyVNASrWH5c+DHNA0hUpQTKfu2lSg3I0IxymFWGqQSEkInZAR9TSMSgnSz+aEzfKYVHwex0BUpPFd/TmQklHIaerozJGosf3u5+JfXT1XQcDMWJamCiC4WBSnHKsZ5auwzAVTxqSaECqZvxXRMBKFK/2Zli9ShxuDP9GO+0+P/Sbdq2pZpt51K82r5oiI6QafoHNmojproBrVQB1EE6BE9oWfjwXgxXo23RWvBWM4coxUY718hiJXA</latexit><latexit sha1_base64="wE/PZHHqKRMMJXJdB9A9EYPASQs=">AAAB/HicdVDLSsNAFJ3UV62vqks3g0VwFZIa2rorunHZgq2FNpTJ5KYdOnkwMxFKqD/gVv/Anbj1X/wBv8NJW8GKHrhwOOde7j3XSziTyrI+jMLa+sbmVnG7tLO7t39QPjzqyjgVFDo05rHoeUQCZxF0FFMceokAEnoc7rzJde7f3YOQLI5u1TQBNySjiAWMEqWltj0sVyzzslGrOjVsmZZVt6t2Tqp158LBtlZyVNASrWH5c+DHNA0hUpQTKfu2lSg3I0IxymFWGqQSEkInZAR9TSMSgnSz+aEzfKYVHwex0BUpPFd/TmQklHIaerozJGosf3u5+JfXT1XQcDMWJamCiC4WBSnHKsZ5auwzAVTxqSaECqZvxXRMBKFK/2Zli9ShxuDP9GO+0+P/Sbdq2pZpt51K82r5oiI6QafoHNmojproBrVQB1EE6BE9oWfjwXgxXo23RWvBWM4coxUY718hiJXA</latexit><latexit sha1_base64="wE/PZHHqKRMMJXJdB9A9EYPASQs=">AAAB/HicdVDLSsNAFJ3UV62vqks3g0VwFZIa2rorunHZgq2FNpTJ5KYdOnkwMxFKqD/gVv/Anbj1X/wBv8NJW8GKHrhwOOde7j3XSziTyrI+jMLa+sbmVnG7tLO7t39QPjzqyjgVFDo05rHoeUQCZxF0FFMceokAEnoc7rzJde7f3YOQLI5u1TQBNySjiAWMEqWltj0sVyzzslGrOjVsmZZVt6t2Tqp158LBtlZyVNASrWH5c+DHNA0hUpQTKfu2lSg3I0IxymFWGqQSEkInZAR9TSMSgnSz+aEzfKYVHwex0BUpPFd/TmQklHIaerozJGosf3u5+JfXT1XQcDMWJamCiC4WBSnHKsZ5auwzAVTxqSaECqZvxXRMBKFK/2Zli9ShxuDP9GO+0+P/Sbdq2pZpt51K82r5oiI6QafoHNmojproBrVQB1EE6BE9oWfjwXgxXo23RWvBWM4coxUY718hiJXA</latexit><latexit sha1_base64="wE/PZHHqKRMMJXJdB9A9EYPASQs=">AAAB/HicdVDLSsNAFJ3UV62vqks3g0VwFZIa2rorunHZgq2FNpTJ5KYdOnkwMxFKqD/gVv/Anbj1X/wBv8NJW8GKHrhwOOde7j3XSziTyrI+jMLa+sbmVnG7tLO7t39QPjzqyjgVFDo05rHoeUQCZxF0FFMceokAEnoc7rzJde7f3YOQLI5u1TQBNySjiAWMEqWltj0sVyzzslGrOjVsmZZVt6t2Tqp158LBtlZyVNASrWH5c+DHNA0hUpQTKfu2lSg3I0IxymFWGqQSEkInZAR9TSMSgnSz+aEzfKYVHwex0BUpPFd/TmQklHIaerozJGosf3u5+JfXT1XQcDMWJamCiC4WBSnHKsZ5auwzAVTxqSaECqZvxXRMBKFK/2Zli9ShxuDP9GO+0+P/Sbdq2pZpt51K82r5oiI6QafoHNmojproBrVQB1EE6BE9oWfjwXgxXo23RWvBWM4coxUY718hiJXA</latexit><latexit sha1_base64="wE/PZHHqKRMMJXJdB9A9EYPASQs=">AAAB/HicdVDLSsNAFJ3UV62vqks3g0VwFZIa2rorunHZgq2FNpTJ5KYdOnkwMxFKqD/gVv/Anbj1X/wBv8NJW8GKHrhwOOde7j3XSziTyrI+jMLa+sbmVnG7tLO7t39QPjzqyjgVFDo05rHoeUQCZxF0FFMceokAEnoc7rzJde7f3YOQLI5u1TQBNySjiAWMEqWltj0sVyzzslGrOjVsmZZVt6t2Tqp158LBtlZyVNASrWH5c+DHNA0hUpQTKfu2lSg3I0IxymFWGqQSEkInZAR9TSMSgnSz+aEzfKYVHwex0BUpPFd/TmQklHIaerozJGosf3u5+JfXT1XQcDMWJamCiC4WBSnHKsZ5auwzAVTxqSaECqZvxXRMBKFK/2Zli9ShxuDP9GO+0+P/Sbdq2pZpt51K82r5oiI6QafoHNmojproBrVQB1EE6BE9oWfjwXgxXo23RWvBWM4coxUY718hiJXA</latexit><latexit sha1_base64="mz8ys2cIZ5TGX7iYiwIfWOm6WLM=">AAAB7XicbVDLSgNBEOyNrxijxrOXwSB4Crte9Ch48RjBPCBZwuxsbzJkdnaZ6RXCmh/w6h94E7/IH/A7nDwOxljQUFR1090V5Upa8v0vr7Kzu7d/UD2sHdVrxyenjXrXZoUR2BGZykw/4haV1NghSQr7uUGeRgp70fR+4fee0ViZ6Sea5RimfKxlIgUnJ7VHjabf8pdg2yRYkyasMWp8D+NMFClqEopbOwj8nMKSG5JC4bw2LCzmXEz5GAeOap6iDcvlmXN26ZSYJZlxpYkt1d8TJU+tnaWR60w5TexfbyH+5w0KSm7DUuq8INRitSgpFKOMLX5msTQoSM0c4cJIdysTE264IJfMxhbrnppgPHe5BH9T2Cbd61bgt4JHH6pwDhdwBQHcwB08QBs6ICCGV3jzXrx372OVX8VbB3kGG/A+fwD/AZLt</latexit><latexit sha1_base64="i2qSfTMGl18yakVUdtz/dEPmEho=">AAAB8XicbVDLSgNBEOyNrxijRq9eBoPgKcx60aPgxWMC5gHJEmZne5Mhs7PLzKwQlvgDXvUPvIkf5A/4HU4eB5NY0FBUddPdFWZSGEvpt1fa2d3bPygfVo6qxyentbNqx6S55tjmqUx1L2QGpVDYtsJK7GUaWRJK7IaTh7nffUZtRKqe7DTDIGEjJWLBmXVSyx/W6rRBFyDbxF+ROqzQHNZ+BlHK8wSV5ZIZ0/dpZoOCaSu4xFllkBvMGJ+wEfYdVSxBExSLQ2fkyikRiVPtSlmyUP9OFCwxZpqErjNhdmw2vbn4n9fPbXwXFEJluUXFl4viXBKbkvnXJBIauZVTRxjXwt1K+Jhpxq3LZm2LcU+NMZq5YPzNGLZJ56bh04bfolCGC7iEa/DhFu7hEZrQBg4Ir/AG796L9+F9LiMseassz2EN3tcvSs6UFw==</latexit><latexit sha1_base64="R73VwtkXIInKhF59C3Vi7N1eKxk=">AAAB8XicdVDbSkJBFN3HbmZW1msvQxL0JHNM1N6CXnpUyAvoQeaMWx2cc2FmTiBiP9Br/UFv0Qf1A31Hc9QgoxZsWKw1w95r+bEU2lD64WS2tnd297L7uYP84dFx4STf1lGiOLZ4JCPV9ZlGKUJsGWEkdmOFLPAldvzpbep3HlBpEYX3ZhajF7BxKEaCM2OlpjsoFGnpul4tV6qEliituWU3JeVa5apCXKukKMIajUHhsz+MeBJgaLhkWvdcGhtvzpQRXOIi1080xoxP2Rh7loYsQO3Nl4cuyIVVhmQUKTuhIUv15485C7SeBb59GTAz0b+9VPzL6yVmVPfmIowTgyFfLRolkpiIpKnJUCjkRs4sYVwJeyvhE6YYN7abjS3ahprgcGGL+U5P/iftcsmlJbdJIQtncA6X4EINbuAOGtACDghP8AwvzqPz6rytKsw46y5PYQPO+xetL5RZ</latexit><latexit sha1_base64="gXOF4voaDLXsctP9pml59SRjoGE=">AAAB/HicdVDLTgJBEJzFF+IL9ehlIjHxtJlFAngjevEIiSAJbMjsbAMTZh+ZmTUhG/wBr/oH3oxX/8Uf8DucBUzEaCWdVKq6013txYIrTciHlVtb39jcym8Xdnb39g+Kh0cdFSWSQZtFIpJdjyoQPIS25lpAN5ZAA0/AnTe5zvy7e5CKR+GtnsbgBnQU8iFnVBup5QyKJWJf1qvlShUTm5CaU3YyUq5VLirYMUqGElqiOSh+9v2IJQGEmgmqVM8hsXZTKjVnAmaFfqIgpmxCR9AzNKQBKDedHzrDZ0bx8TCSpkKN5+rPiZQGSk0Dz3QGVI/Vby8T//J6iR7W3ZSHcaIhZItFw0RgHeEsNfa5BKbF1BDKJDe3YjamkjJtfrOyRZlQY/Bn5jHf6fH/pFO2HWI7LVJqXC1flEcn6BSdIwfVUAPdoCZqI4YAPaIn9Gw9WC/Wq/W2aM1Zy5ljtALr/QsgSJW8</latexit><latexit sha1_base64="wE/PZHHqKRMMJXJdB9A9EYPASQs=">AAAB/HicdVDLSsNAFJ3UV62vqks3g0VwFZIa2rorunHZgq2FNpTJ5KYdOnkwMxFKqD/gVv/Anbj1X/wBv8NJW8GKHrhwOOde7j3XSziTyrI+jMLa+sbmVnG7tLO7t39QPjzqyjgVFDo05rHoeUQCZxF0FFMceokAEnoc7rzJde7f3YOQLI5u1TQBNySjiAWMEqWltj0sVyzzslGrOjVsmZZVt6t2Tqp158LBtlZyVNASrWH5c+DHNA0hUpQTKfu2lSg3I0IxymFWGqQSEkInZAR9TSMSgnSz+aEzfKYVHwex0BUpPFd/TmQklHIaerozJGosf3u5+JfXT1XQcDMWJamCiC4WBSnHKsZ5auwzAVTxqSaECqZvxXRMBKFK/2Zli9ShxuDP9GO+0+P/Sbdq2pZpt51K82r5oiI6QafoHNmojproBrVQB1EE6BE9oWfjwXgxXo23RWvBWM4coxUY718hiJXA</latexit><latexit sha1_base64="wE/PZHHqKRMMJXJdB9A9EYPASQs=">AAAB/HicdVDLSsNAFJ3UV62vqks3g0VwFZIa2rorunHZgq2FNpTJ5KYdOnkwMxFKqD/gVv/Anbj1X/wBv8NJW8GKHrhwOOde7j3XSziTyrI+jMLa+sbmVnG7tLO7t39QPjzqyjgVFDo05rHoeUQCZxF0FFMceokAEnoc7rzJde7f3YOQLI5u1TQBNySjiAWMEqWltj0sVyzzslGrOjVsmZZVt6t2Tqp158LBtlZyVNASrWH5c+DHNA0hUpQTKfu2lSg3I0IxymFWGqQSEkInZAR9TSMSgnSz+aEzfKYVHwex0BUpPFd/TmQklHIaerozJGosf3u5+JfXT1XQcDMWJamCiC4WBSnHKsZ5auwzAVTxqSaECqZvxXRMBKFK/2Zli9ShxuDP9GO+0+P/Sbdq2pZpt51K82r5oiI6QafoHNmojproBrVQB1EE6BE9oWfjwXgxXo23RWvBWM4coxUY718hiJXA</latexit><latexit sha1_base64="wE/PZHHqKRMMJXJdB9A9EYPASQs=">AAAB/HicdVDLSsNAFJ3UV62vqks3g0VwFZIa2rorunHZgq2FNpTJ5KYdOnkwMxFKqD/gVv/Anbj1X/wBv8NJW8GKHrhwOOde7j3XSziTyrI+jMLa+sbmVnG7tLO7t39QPjzqyjgVFDo05rHoeUQCZxF0FFMceokAEnoc7rzJde7f3YOQLI5u1TQBNySjiAWMEqWltj0sVyzzslGrOjVsmZZVt6t2Tqp158LBtlZyVNASrWH5c+DHNA0hUpQTKfu2lSg3I0IxymFWGqQSEkInZAR9TSMSgnSz+aEzfKYVHwex0BUpPFd/TmQklHIaerozJGosf3u5+JfXT1XQcDMWJamCiC4WBSnHKsZ5auwzAVTxqSaECqZvxXRMBKFK/2Zli9ShxuDP9GO+0+P/Sbdq2pZpt51K82r5oiI6QafoHNmojproBrVQB1EE6BE9oWfjwXgxXo23RWvBWM4coxUY718hiJXA</latexit><latexit sha1_base64="wE/PZHHqKRMMJXJdB9A9EYPASQs=">AAAB/HicdVDLSsNAFJ3UV62vqks3g0VwFZIa2rorunHZgq2FNpTJ5KYdOnkwMxFKqD/gVv/Anbj1X/wBv8NJW8GKHrhwOOde7j3XSziTyrI+jMLa+sbmVnG7tLO7t39QPjzqyjgVFDo05rHoeUQCZxF0FFMceokAEnoc7rzJde7f3YOQLI5u1TQBNySjiAWMEqWltj0sVyzzslGrOjVsmZZVt6t2Tqp158LBtlZyVNASrWH5c+DHNA0hUpQTKfu2lSg3I0IxymFWGqQSEkInZAR9TSMSgnSz+aEzfKYVHwex0BUpPFd/TmQklHIaerozJGosf3u5+JfXT1XQcDMWJamCiC4WBSnHKsZ5auwzAVTxqSaECqZvxXRMBKFK/2Zli9ShxuDP9GO+0+P/Sbdq2pZpt51K82r5oiI6QafoHNmojproBrVQB1EE6BE9oWfjwXgxXo23RWvBWM4coxUY718hiJXA</latexit><latexit sha1_base64="wE/PZHHqKRMMJXJdB9A9EYPASQs=">AAAB/HicdVDLSsNAFJ3UV62vqks3g0VwFZIa2rorunHZgq2FNpTJ5KYdOnkwMxFKqD/gVv/Anbj1X/wBv8NJW8GKHrhwOOde7j3XSziTyrI+jMLa+sbmVnG7tLO7t39QPjzqyjgVFDo05rHoeUQCZxF0FFMceokAEnoc7rzJde7f3YOQLI5u1TQBNySjiAWMEqWltj0sVyzzslGrOjVsmZZVt6t2Tqp158LBtlZyVNASrWH5c+DHNA0hUpQTKfu2lSg3I0IxymFWGqQSEkInZAR9TSMSgnSz+aEzfKYVHwex0BUpPFd/TmQklHIaerozJGosf3u5+JfXT1XQcDMWJamCiC4WBSnHKsZ5auwzAVTxqSaECqZvxXRMBKFK/2Zli9ShxuDP9GO+0+P/Sbdq2pZpt51K82r5oiI6QafoHNmojproBrVQB1EE6BE9oWfjwXgxXo23RWvBWM4coxUY718hiJXA</latexit><latexit sha1_base64="wE/PZHHqKRMMJXJdB9A9EYPASQs=">AAAB/HicdVDLSsNAFJ3UV62vqks3g0VwFZIa2rorunHZgq2FNpTJ5KYdOnkwMxFKqD/gVv/Anbj1X/wBv8NJW8GKHrhwOOde7j3XSziTyrI+jMLa+sbmVnG7tLO7t39QPjzqyjgVFDo05rHoeUQCZxF0FFMceokAEnoc7rzJde7f3YOQLI5u1TQBNySjiAWMEqWltj0sVyzzslGrOjVsmZZVt6t2Tqp158LBtlZyVNASrWH5c+DHNA0hUpQTKfu2lSg3I0IxymFWGqQSEkInZAR9TSMSgnSz+aEzfKYVHwex0BUpPFd/TmQklHIaerozJGosf3u5+JfXT1XQcDMWJamCiC4WBSnHKsZ5auwzAVTxqSaECqZvxXRMBKFK/2Zli9ShxuDP9GO+0+P/Sbdq2pZpt51K82r5oiI6QafoHNmojproBrVQB1EE6BE9oWfjwXgxXo23RWvBWM4coxUY718hiJXA</latexit>
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Doing more with monopoles:  particle-vortex dualities

D. Banerjee et al, ‘18

Extend similar method to 
contemporary particle-vortex 

dualities?

1808.08970



How to study gauge theories coupled to Chern-Simons term?



���� det

1 + V

2

� ����e
i ⌘
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<latexit sha1_base64="xM4SB8IFgkjnZAvm3yLwzuMxCEc="></latexit><latexit sha1_base64="xM4SB8IFgkjnZAvm3yLwzuMxCEc="></latexit><latexit sha1_base64="xM4SB8IFgkjnZAvm3yLwzuMxCEc="></latexit><latexit sha1_base64="xM4SB8IFgkjnZAvm3yLwzuMxCEc="></latexit>

det(V ) = ei⌘
<latexit sha1_base64="bBhiNo70RIRzdJ+kD/mF6FmBVj4=">AAACEXicbVBLSgNBEO2Jvxh/o1m6aQxC3IQZEXQjBN24jGA+kMTQ01NJmvR86K4RwpBTeAC3egR34tYTeAKvYSeZhUl8UPB4r4qqel4shUbH+bZya+sbm1v57cLO7t7+gX141NBRojjUeSQj1fKYBilCqKNACa1YAQs8CU1vdDv1m0+gtIjCBxzH0A3YIBR9wRkaqWcXOz5guXFGryk8pqIDyCY9u+RUnBnoKnEzUiIZaj37p+NHPAkgRC6Z1m3XibGbMoWCS5gUOomGmPERG0Db0JAFoLvp7PgJPTWKT/uRMhUinal/J1IWaD0OPNMZMBzqZW8q/ue1E+xfdVMRxglCyOeL+omkGNFpEtQXCjjKsSGMK2FupXzIFONo8lrYos1TQ/AnBZOMu5zDKmmcV1yn4t5flKo3WUZ5ckxOSJm45JJUyR2pkTrhZExeyCt5s56td+vD+py35qxspkgWYH39ApmTnLk=</latexit><latexit sha1_base64="bBhiNo70RIRzdJ+kD/mF6FmBVj4=">AAACEXicbVBLSgNBEO2Jvxh/o1m6aQxC3IQZEXQjBN24jGA+kMTQ01NJmvR86K4RwpBTeAC3egR34tYTeAKvYSeZhUl8UPB4r4qqel4shUbH+bZya+sbm1v57cLO7t7+gX141NBRojjUeSQj1fKYBilCqKNACa1YAQs8CU1vdDv1m0+gtIjCBxzH0A3YIBR9wRkaqWcXOz5guXFGryk8pqIDyCY9u+RUnBnoKnEzUiIZaj37p+NHPAkgRC6Z1m3XibGbMoWCS5gUOomGmPERG0Db0JAFoLvp7PgJPTWKT/uRMhUinal/J1IWaD0OPNMZMBzqZW8q/ue1E+xfdVMRxglCyOeL+omkGNFpEtQXCjjKsSGMK2FupXzIFONo8lrYos1TQ/AnBZOMu5zDKmmcV1yn4t5flKo3WUZ5ckxOSJm45JJUyR2pkTrhZExeyCt5s56td+vD+py35qxspkgWYH39ApmTnLk=</latexit><latexit sha1_base64="bBhiNo70RIRzdJ+kD/mF6FmBVj4=">AAACEXicbVBLSgNBEO2Jvxh/o1m6aQxC3IQZEXQjBN24jGA+kMTQ01NJmvR86K4RwpBTeAC3egR34tYTeAKvYSeZhUl8UPB4r4qqel4shUbH+bZya+sbm1v57cLO7t7+gX141NBRojjUeSQj1fKYBilCqKNACa1YAQs8CU1vdDv1m0+gtIjCBxzH0A3YIBR9wRkaqWcXOz5guXFGryk8pqIDyCY9u+RUnBnoKnEzUiIZaj37p+NHPAkgRC6Z1m3XibGbMoWCS5gUOomGmPERG0Db0JAFoLvp7PgJPTWKT/uRMhUinal/J1IWaD0OPNMZMBzqZW8q/ue1E+xfdVMRxglCyOeL+omkGNFpEtQXCjjKsSGMK2FupXzIFONo8lrYos1TQ/AnBZOMu5zDKmmcV1yn4t5flKo3WUZ5ckxOSJm45JJUyR2pkTrhZExeyCt5s56td+vD+py35qxspkgWYH39ApmTnLk=</latexit><latexit sha1_base64="bBhiNo70RIRzdJ+kD/mF6FmBVj4=">AAACEXicbVBLSgNBEO2Jvxh/o1m6aQxC3IQZEXQjBN24jGA+kMTQ01NJmvR86K4RwpBTeAC3egR34tYTeAKvYSeZhUl8UPB4r4qqel4shUbH+bZya+sbm1v57cLO7t7+gX141NBRojjUeSQj1fKYBilCqKNACa1YAQs8CU1vdDv1m0+gtIjCBxzH0A3YIBR9wRkaqWcXOz5guXFGryk8pqIDyCY9u+RUnBnoKnEzUiIZaj37p+NHPAkgRC6Z1m3XibGbMoWCS5gUOomGmPERG0Db0JAFoLvp7PgJPTWKT/uRMhUinal/J1IWaD0OPNMZMBzqZW8q/ue1E+xfdVMRxglCyOeL+omkGNFpEtQXCjjKsSGMK2FupXzIFONo8lrYos1TQ/AnBZOMu5zDKmmcV1yn4t5flKo3WUZ5ckxOSJm45JJUyR2pkTrhZExeyCt5s56td+vD+py35qxspkgWYH39ApmTnLk=</latexit>

Parity anomaly

Level-1 Chern-Simons as induced 
action from infinitely-massive 

fermion

1-flavor fermion det 

m = 0
<latexit sha1_base64="7tT6JTVuyIVSJSUaBmLay59cNrk=">AAAB/3icbVDLSgNBEOyNrxhfUY9eFoPgKeyKoBch6MVjRBMDyRJmJ73JkJnZZWZWCEsOfoBX/QRv4tVP8Qv8DSfJHkxiQUNR1U13V5hwpo3nfTuFldW19Y3iZmlre2d3r7x/0NRxqig2aMxj1QqJRs4kNgwzHFuJQiJCjo/h8GbiPz6h0iyWD2aUYCBIX7KIUWKsdC+uvG654lW9Kdxl4uekAjnq3fJPpxfTVKA0lBOt276XmCAjyjDKcVzqpBoTQoekj21LJRGog2x66tg9sUrPjWJlSxp3qv6dyIjQeiRC2ymIGehFbyL+57VTE10GGZNJalDS2aIo5a6J3cnfbo8ppIaPLCFUMXurSwdEEWpsOnNbtH1qgL1xySbjL+awTJpnVd+r+nfnldp1nlERjuAYTsGHC6jBLdShART68AKv8OY8O+/Oh/M5ay04+cwhzMH5+gWggJZL</latexit><latexit sha1_base64="7tT6JTVuyIVSJSUaBmLay59cNrk=">AAAB/3icbVDLSgNBEOyNrxhfUY9eFoPgKeyKoBch6MVjRBMDyRJmJ73JkJnZZWZWCEsOfoBX/QRv4tVP8Qv8DSfJHkxiQUNR1U13V5hwpo3nfTuFldW19Y3iZmlre2d3r7x/0NRxqig2aMxj1QqJRs4kNgwzHFuJQiJCjo/h8GbiPz6h0iyWD2aUYCBIX7KIUWKsdC+uvG654lW9Kdxl4uekAjnq3fJPpxfTVKA0lBOt276XmCAjyjDKcVzqpBoTQoekj21LJRGog2x66tg9sUrPjWJlSxp3qv6dyIjQeiRC2ymIGehFbyL+57VTE10GGZNJalDS2aIo5a6J3cnfbo8ppIaPLCFUMXurSwdEEWpsOnNbtH1qgL1xySbjL+awTJpnVd+r+nfnldp1nlERjuAYTsGHC6jBLdShART68AKv8OY8O+/Oh/M5ay04+cwhzMH5+gWggJZL</latexit><latexit sha1_base64="7tT6JTVuyIVSJSUaBmLay59cNrk=">AAAB/3icbVDLSgNBEOyNrxhfUY9eFoPgKeyKoBch6MVjRBMDyRJmJ73JkJnZZWZWCEsOfoBX/QRv4tVP8Qv8DSfJHkxiQUNR1U13V5hwpo3nfTuFldW19Y3iZmlre2d3r7x/0NRxqig2aMxj1QqJRs4kNgwzHFuJQiJCjo/h8GbiPz6h0iyWD2aUYCBIX7KIUWKsdC+uvG654lW9Kdxl4uekAjnq3fJPpxfTVKA0lBOt276XmCAjyjDKcVzqpBoTQoekj21LJRGog2x66tg9sUrPjWJlSxp3qv6dyIjQeiRC2ymIGehFbyL+57VTE10GGZNJalDS2aIo5a6J3cnfbo8ppIaPLCFUMXurSwdEEWpsOnNbtH1qgL1xySbjL+awTJpnVd+r+nfnldp1nlERjuAYTsGHC6jBLdShART68AKv8OY8O+/Oh/M5ay04+cwhzMH5+gWggJZL</latexit><latexit sha1_base64="7tT6JTVuyIVSJSUaBmLay59cNrk=">AAAB/3icbVDLSgNBEOyNrxhfUY9eFoPgKeyKoBch6MVjRBMDyRJmJ73JkJnZZWZWCEsOfoBX/QRv4tVP8Qv8DSfJHkxiQUNR1U13V5hwpo3nfTuFldW19Y3iZmlre2d3r7x/0NRxqig2aMxj1QqJRs4kNgwzHFuJQiJCjo/h8GbiPz6h0iyWD2aUYCBIX7KIUWKsdC+uvG654lW9Kdxl4uekAjnq3fJPpxfTVKA0lBOt276XmCAjyjDKcVzqpBoTQoekj21LJRGog2x66tg9sUrPjWJlSxp3qv6dyIjQeiRC2ymIGehFbyL+57VTE10GGZNJalDS2aIo5a6J3cnfbo8ppIaPLCFUMXurSwdEEWpsOnNbtH1qgL1xySbjL+awTJpnVd+r+nfnldp1nlERjuAYTsGHC6jBLdShART68AKv8OY8O+/Oh/M5ay04+cwhzMH5+gWggJZL</latexit>
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<latexit sha1_base64="QdhiQOZVkW9/r822ipyFe6vAWFc=">AAACD3icbZDLSsNAFIYn9VbrLdWlm8EiuCqJFHTZ6sZlBXuBJpTJ5KQdOrkwM1FKyEP4AG71EdyJWx/BJ/A1nLZZ2NYfBn7+cw7nzOclnEllWd9GaWNza3unvFvZ2z84PDKrx10Zp4JCh8Y8Fn2PSOAsgo5iikM/EUBCj0PPm9zO6r1HEJLF0YOaJuCGZBSxgFGidDQ0q04gCM0medZwEpa3/NbQrFl1ay68buzC1FCh9tD8cfyYpiFEinIi5cC2EuVmRChGOeQVJ5WQEDohIxhoG5EQpJvNT8/xuU58HMRCv0jhefp3IiOhlNPQ050hUWO5WpuF/9UGqQqu3YxFSaogootFQcqxivGMA/aZAKr4VBtCBdO3YjommoXStJa2SP2pMfh5RZOxVzmsm+5l3bbq9n2j1rwpGJXRKTpDF8hGV6iJ7lAbdRBFT+gFvaI349l4Nz6Mz0VryShmTtCSjK9flK+c0A==</latexit><latexit sha1_base64="QdhiQOZVkW9/r822ipyFe6vAWFc=">AAACD3icbZDLSsNAFIYn9VbrLdWlm8EiuCqJFHTZ6sZlBXuBJpTJ5KQdOrkwM1FKyEP4AG71EdyJWx/BJ/A1nLZZ2NYfBn7+cw7nzOclnEllWd9GaWNza3unvFvZ2z84PDKrx10Zp4JCh8Y8Fn2PSOAsgo5iikM/EUBCj0PPm9zO6r1HEJLF0YOaJuCGZBSxgFGidDQ0q04gCM0medZwEpa3/NbQrFl1ay68buzC1FCh9tD8cfyYpiFEinIi5cC2EuVmRChGOeQVJ5WQEDohIxhoG5EQpJvNT8/xuU58HMRCv0jhefp3IiOhlNPQ050hUWO5WpuF/9UGqQqu3YxFSaogootFQcqxivGMA/aZAKr4VBtCBdO3YjommoXStJa2SP2pMfh5RZOxVzmsm+5l3bbq9n2j1rwpGJXRKTpDF8hGV6iJ7lAbdRBFT+gFvaI349l4Nz6Mz0VryShmTtCSjK9flK+c0A==</latexit><latexit sha1_base64="QdhiQOZVkW9/r822ipyFe6vAWFc=">AAACD3icbZDLSsNAFIYn9VbrLdWlm8EiuCqJFHTZ6sZlBXuBJpTJ5KQdOrkwM1FKyEP4AG71EdyJWx/BJ/A1nLZZ2NYfBn7+cw7nzOclnEllWd9GaWNza3unvFvZ2z84PDKrx10Zp4JCh8Y8Fn2PSOAsgo5iikM/EUBCj0PPm9zO6r1HEJLF0YOaJuCGZBSxgFGidDQ0q04gCM0medZwEpa3/NbQrFl1ay68buzC1FCh9tD8cfyYpiFEinIi5cC2EuVmRChGOeQVJ5WQEDohIxhoG5EQpJvNT8/xuU58HMRCv0jhefp3IiOhlNPQ050hUWO5WpuF/9UGqQqu3YxFSaogootFQcqxivGMA/aZAKr4VBtCBdO3YjommoXStJa2SP2pMfh5RZOxVzmsm+5l3bbq9n2j1rwpGJXRKTpDF8hGV6iJ7lAbdRBFT+gFvaI349l4Nz6Mz0VryShmTtCSjK9flK+c0A==</latexit><latexit sha1_base64="QdhiQOZVkW9/r822ipyFe6vAWFc=">AAACD3icbZDLSsNAFIYn9VbrLdWlm8EiuCqJFHTZ6sZlBXuBJpTJ5KQdOrkwM1FKyEP4AG71EdyJWx/BJ/A1nLZZ2NYfBn7+cw7nzOclnEllWd9GaWNza3unvFvZ2z84PDKrx10Zp4JCh8Y8Fn2PSOAsgo5iikM/EUBCj0PPm9zO6r1HEJLF0YOaJuCGZBSxgFGidDQ0q04gCM0medZwEpa3/NbQrFl1ay68buzC1FCh9tD8cfyYpiFEinIi5cC2EuVmRChGOeQVJ5WQEDohIxhoG5EQpJvNT8/xuU58HMRCv0jhefp3IiOhlNPQ050hUWO5WpuF/9UGqQqu3YxFSaogootFQcqxivGMA/aZAKr4VBtCBdO3YjommoXStJa2SP2pMfh5RZOxVzmsm+5l3bbq9n2j1rwpGJXRKTpDF8hGV6iJ7lAbdRBFT+gFvaI349l4Nz6Mz0VryShmTtCSjK9flK+c0A==</latexit>

1

8⇡
(AdB +BdA)

<latexit sha1_base64="RocKhQqv2ke0QlIZM8QdNdlg0EY=">AAACFnicbZDLSsNAFIYn9VbrLepGcDNYhIpQEhHssq0blxXsBZpQJpNJO3QyCTMToYT4HD6AW30Ed+LWrU/gazhts7CtPwz8/OcczpzPixmVyrK+jcLa+sbmVnG7tLO7t39gHh51ZJQITNo4YpHoeUgSRjlpK6oY6cWCoNBjpOuNb6f17iMRkkb8QU1i4oZoyGlAMVI6GpgnTiAQTu0srTkxzSoN6Dcvm37jYmCWrao1E1w1dm7KIFdrYP44foSTkHCFGZKyb1uxclMkFMWMZCUnkSRGeIyGpK8tRyGRbjq7IIPnOvFhEAn9uIKz9O9EikIpJ6GnO0OkRnK5Ng3/q/UTFdTclPI4UYTj+aIgYVBFcIoD+lQQrNhEG4QF1X+FeIQ0EqWhLWyR+qgR8bOSJmMvc1g1nauqbVXt++tyvZkzKoJTcAYqwAY3oA7uQAu0AQZP4AW8gjfj2Xg3PozPeWvByGeOwYKMr1/dNZ5k</latexit><latexit sha1_base64="RocKhQqv2ke0QlIZM8QdNdlg0EY=">AAACFnicbZDLSsNAFIYn9VbrLepGcDNYhIpQEhHssq0blxXsBZpQJpNJO3QyCTMToYT4HD6AW30Ed+LWrU/gazhts7CtPwz8/OcczpzPixmVyrK+jcLa+sbmVnG7tLO7t39gHh51ZJQITNo4YpHoeUgSRjlpK6oY6cWCoNBjpOuNb6f17iMRkkb8QU1i4oZoyGlAMVI6GpgnTiAQTu0srTkxzSoN6Dcvm37jYmCWrao1E1w1dm7KIFdrYP44foSTkHCFGZKyb1uxclMkFMWMZCUnkSRGeIyGpK8tRyGRbjq7IIPnOvFhEAn9uIKz9O9EikIpJ6GnO0OkRnK5Ng3/q/UTFdTclPI4UYTj+aIgYVBFcIoD+lQQrNhEG4QF1X+FeIQ0EqWhLWyR+qgR8bOSJmMvc1g1nauqbVXt++tyvZkzKoJTcAYqwAY3oA7uQAu0AQZP4AW8gjfj2Xg3PozPeWvByGeOwYKMr1/dNZ5k</latexit><latexit sha1_base64="RocKhQqv2ke0QlIZM8QdNdlg0EY=">AAACFnicbZDLSsNAFIYn9VbrLepGcDNYhIpQEhHssq0blxXsBZpQJpNJO3QyCTMToYT4HD6AW30Ed+LWrU/gazhts7CtPwz8/OcczpzPixmVyrK+jcLa+sbmVnG7tLO7t39gHh51ZJQITNo4YpHoeUgSRjlpK6oY6cWCoNBjpOuNb6f17iMRkkb8QU1i4oZoyGlAMVI6GpgnTiAQTu0srTkxzSoN6Dcvm37jYmCWrao1E1w1dm7KIFdrYP44foSTkHCFGZKyb1uxclMkFMWMZCUnkSRGeIyGpK8tRyGRbjq7IIPnOvFhEAn9uIKz9O9EikIpJ6GnO0OkRnK5Ng3/q/UTFdTclPI4UYTj+aIgYVBFcIoD+lQQrNhEG4QF1X+FeIQ0EqWhLWyR+qgR8bOSJmMvc1g1nauqbVXt++tyvZkzKoJTcAYqwAY3oA7uQAu0AQZP4AW8gjfj2Xg3PozPeWvByGeOwYKMr1/dNZ5k</latexit><latexit sha1_base64="RocKhQqv2ke0QlIZM8QdNdlg0EY=">AAACFnicbZDLSsNAFIYn9VbrLepGcDNYhIpQEhHssq0blxXsBZpQJpNJO3QyCTMToYT4HD6AW30Ed+LWrU/gazhts7CtPwz8/OcczpzPixmVyrK+jcLa+sbmVnG7tLO7t39gHh51ZJQITNo4YpHoeUgSRjlpK6oY6cWCoNBjpOuNb6f17iMRkkb8QU1i4oZoyGlAMVI6GpgnTiAQTu0srTkxzSoN6Dcvm37jYmCWrao1E1w1dm7KIFdrYP44foSTkHCFGZKyb1uxclMkFMWMZCUnkSRGeIyGpK8tRyGRbjq7IIPnOvFhEAn9uIKz9O9EikIpJ6GnO0OkRnK5Ng3/q/UTFdTclPI4UYTj+aIgYVBFcIoD+lQQrNhEG4QF1X+FeIQ0EqWhLWyR+qgR8bOSJmMvc1g1nauqbVXt++tyvZkzKoJTcAYqwAY3oA7uQAu0AQZP4AW8gjfj2Xg3PozPeWvByGeOwYKMr1/dNZ5k</latexit>

det
⇣
VA+BV

†
A�B

⌘

<latexit sha1_base64="wiX7hld0HmN964Xch3ux2IcyPWc="></latexit><latexit sha1_base64="wiX7hld0HmN964Xch3ux2IcyPWc="></latexit><latexit sha1_base64="wiX7hld0HmN964Xch3ux2IcyPWc="></latexit><latexit sha1_base64="wiX7hld0HmN964Xch3ux2IcyPWc="></latexit>

det (VA)
k

<latexit sha1_base64="hIfQemEROTqx/wh5RZBdO0E96zI=">AAACF3icbVDJSgNBEO1xjXGLehIvjUGIlzAjgh6jXjxGMAtkYujpqUma9Cx01whhCH6HH+BVP8GbePXoF/gbdpaDSXxQ8Hiviqp6XiKFRtv+tpaWV1bX1nMb+c2t7Z3dwt5+Xcep4lDjsYxV02MapIighgIlNBMFLPQkNLz+zchvPILSIo7ucZBAO2TdSASCMzRSp3Do+oCuhABLtN7JroauEt0enj70O4WiXbbHoIvEmZIimaLaKfy4fszTECLkkmndcuwE2xlTKLiEYd5NNSSM91kXWoZGLATdzsYvDOmJUXwaxMpUhHSs/p3IWKj1IPRMZ8iwp+e9kfif10oxuGxnIkpShIhPFgWppBjTUR7UFwo4yoEhjCthbqW8xxTjaFKb2aLNUz3wh3mTjDOfwyKpn5Udu+zcnRcr19OMcuSIHJMSccgFqZBbUiU1wskTeSGv5M16tt6tD+tz0rpkTWcOyAysr18pCJ/A</latexit><latexit sha1_base64="hIfQemEROTqx/wh5RZBdO0E96zI=">AAACF3icbVDJSgNBEO1xjXGLehIvjUGIlzAjgh6jXjxGMAtkYujpqUma9Cx01whhCH6HH+BVP8GbePXoF/gbdpaDSXxQ8Hiviqp6XiKFRtv+tpaWV1bX1nMb+c2t7Z3dwt5+Xcep4lDjsYxV02MapIighgIlNBMFLPQkNLz+zchvPILSIo7ucZBAO2TdSASCMzRSp3Do+oCuhABLtN7JroauEt0enj70O4WiXbbHoIvEmZIimaLaKfy4fszTECLkkmndcuwE2xlTKLiEYd5NNSSM91kXWoZGLATdzsYvDOmJUXwaxMpUhHSs/p3IWKj1IPRMZ8iwp+e9kfif10oxuGxnIkpShIhPFgWppBjTUR7UFwo4yoEhjCthbqW8xxTjaFKb2aLNUz3wh3mTjDOfwyKpn5Udu+zcnRcr19OMcuSIHJMSccgFqZBbUiU1wskTeSGv5M16tt6tD+tz0rpkTWcOyAysr18pCJ/A</latexit><latexit sha1_base64="hIfQemEROTqx/wh5RZBdO0E96zI=">AAACF3icbVDJSgNBEO1xjXGLehIvjUGIlzAjgh6jXjxGMAtkYujpqUma9Cx01whhCH6HH+BVP8GbePXoF/gbdpaDSXxQ8Hiviqp6XiKFRtv+tpaWV1bX1nMb+c2t7Z3dwt5+Xcep4lDjsYxV02MapIighgIlNBMFLPQkNLz+zchvPILSIo7ucZBAO2TdSASCMzRSp3Do+oCuhABLtN7JroauEt0enj70O4WiXbbHoIvEmZIimaLaKfy4fszTECLkkmndcuwE2xlTKLiEYd5NNSSM91kXWoZGLATdzsYvDOmJUXwaxMpUhHSs/p3IWKj1IPRMZ8iwp+e9kfif10oxuGxnIkpShIhPFgWppBjTUR7UFwo4yoEhjCthbqW8xxTjaFKb2aLNUz3wh3mTjDOfwyKpn5Udu+zcnRcr19OMcuSIHJMSccgFqZBbUiU1wskTeSGv5M16tt6tD+tz0rpkTWcOyAysr18pCJ/A</latexit><latexit sha1_base64="hIfQemEROTqx/wh5RZBdO0E96zI=">AAACF3icbVDJSgNBEO1xjXGLehIvjUGIlzAjgh6jXjxGMAtkYujpqUma9Cx01whhCH6HH+BVP8GbePXoF/gbdpaDSXxQ8Hiviqp6XiKFRtv+tpaWV1bX1nMb+c2t7Z3dwt5+Xcep4lDjsYxV02MapIighgIlNBMFLPQkNLz+zchvPILSIo7ucZBAO2TdSASCMzRSp3Do+oCuhABLtN7JroauEt0enj70O4WiXbbHoIvEmZIimaLaKfy4fszTECLkkmndcuwE2xlTKLiEYd5NNSSM91kXWoZGLATdzsYvDOmJUXwaxMpUhHSs/p3IWKj1IPRMZ8iwp+e9kfif10oxuGxnIkpShIhPFgWppBjTUR7UFwo4yoEhjCthbqW8xxTjaFKb2aLNUz3wh3mTjDOfwyKpn5Udu+zcnRcr19OMcuSIHJMSccgFqZBbUiU1wskTeSGv5M16tt6tD+tz0rpkTWcOyAysr18pCJ/A</latexit>

fermion + U(1)“k+1/2”
<latexit sha1_base64="sB/Gf23oZq4DOS5msYeHYdldOGA=">AAACHnicbVDLSgNBEJyNrxhfqx69DAlCJBB3g6DHoBePEUwMJCGZnfQmQ2Z2l5lZISx79Tv8AK/6Cd7Eq36Bv+HkcTCJBQ1FVTfdXV7EmdKO821l1tY3Nrey27md3b39A/vwqKHCWFKo05CHsukRBZwFUNdMc2hGEojwODx4o5uJ//AIUrEwuNfjCDqCDALmM0q0kbo2bguih1IkPkhhlLRUL7pn3aTXG5Xc80o+7doFp+xMgVeJOycFNEeta/+0+yGNBQSacqJUy3Ui3UmI1IxySHPtWEFE6IgMoGVoQASoTjL9JMWnRuljP5SmAo2n6t+JhAilxsIznZO71bI3Ef/zWrH2rzoJC6JYQ0Bni/yYYx3iSSy4zyRQzceGECqZuRXTIZGEahPewhZlnhpCP82ZZNzlHFZJo1J2nbJ7d1GoXs8zyqITlEdF5KJLVEW3qIbqiKIn9IJe0Zv1bL1bH9bnrDVjzWeO0QKsr1+TFaH0</latexit><latexit sha1_base64="sB/Gf23oZq4DOS5msYeHYdldOGA=">AAACHnicbVDLSgNBEJyNrxhfqx69DAlCJBB3g6DHoBePEUwMJCGZnfQmQ2Z2l5lZISx79Tv8AK/6Cd7Eq36Bv+HkcTCJBQ1FVTfdXV7EmdKO821l1tY3Nrey27md3b39A/vwqKHCWFKo05CHsukRBZwFUNdMc2hGEojwODx4o5uJ//AIUrEwuNfjCDqCDALmM0q0kbo2bguih1IkPkhhlLRUL7pn3aTXG5Xc80o+7doFp+xMgVeJOycFNEeta/+0+yGNBQSacqJUy3Ui3UmI1IxySHPtWEFE6IgMoGVoQASoTjL9JMWnRuljP5SmAo2n6t+JhAilxsIznZO71bI3Ef/zWrH2rzoJC6JYQ0Bni/yYYx3iSSy4zyRQzceGECqZuRXTIZGEahPewhZlnhpCP82ZZNzlHFZJo1J2nbJ7d1GoXs8zyqITlEdF5KJLVEW3qIbqiKIn9IJe0Zv1bL1bH9bnrDVjzWeO0QKsr1+TFaH0</latexit><latexit sha1_base64="sB/Gf23oZq4DOS5msYeHYdldOGA=">AAACHnicbVDLSgNBEJyNrxhfqx69DAlCJBB3g6DHoBePEUwMJCGZnfQmQ2Z2l5lZISx79Tv8AK/6Cd7Eq36Bv+HkcTCJBQ1FVTfdXV7EmdKO821l1tY3Nrey27md3b39A/vwqKHCWFKo05CHsukRBZwFUNdMc2hGEojwODx4o5uJ//AIUrEwuNfjCDqCDALmM0q0kbo2bguih1IkPkhhlLRUL7pn3aTXG5Xc80o+7doFp+xMgVeJOycFNEeta/+0+yGNBQSacqJUy3Ui3UmI1IxySHPtWEFE6IgMoGVoQASoTjL9JMWnRuljP5SmAo2n6t+JhAilxsIznZO71bI3Ef/zWrH2rzoJC6JYQ0Bni/yYYx3iSSy4zyRQzceGECqZuRXTIZGEahPewhZlnhpCP82ZZNzlHFZJo1J2nbJ7d1GoXs8zyqITlEdF5KJLVEW3qIbqiKIn9IJe0Zv1bL1bH9bnrDVjzWeO0QKsr1+TFaH0</latexit><latexit sha1_base64="sB/Gf23oZq4DOS5msYeHYdldOGA=">AAACHnicbVDLSgNBEJyNrxhfqx69DAlCJBB3g6DHoBePEUwMJCGZnfQmQ2Z2l5lZISx79Tv8AK/6Cd7Eq36Bv+HkcTCJBQ1FVTfdXV7EmdKO821l1tY3Nrey27md3b39A/vwqKHCWFKo05CHsukRBZwFUNdMc2hGEojwODx4o5uJ//AIUrEwuNfjCDqCDALmM0q0kbo2bguih1IkPkhhlLRUL7pn3aTXG5Xc80o+7doFp+xMgVeJOycFNEeta/+0+yGNBQSacqJUy3Ui3UmI1IxySHPtWEFE6IgMoGVoQASoTjL9JMWnRuljP5SmAo2n6t+JhAilxsIznZO71bI3Ef/zWrH2rzoJC6JYQ0Bni/yYYx3iSSy4zyRQzceGECqZuRXTIZGEahPewhZlnhpCP82ZZNzlHFZJo1J2nbJ7d1GoXs8zyqITlEdF5KJLVEW3qIbqiKIn9IJe0Zv1bL1bH9bnrDVjzWeO0QKsr1+TFaH0</latexit>

det

✓
1 + VA

2

◆
det(VA)

k

<latexit sha1_base64="263S/17yhHh4KdX4wg6Dc7W/caY="></latexit><latexit sha1_base64="263S/17yhHh4KdX4wg6Dc7W/caY="></latexit><latexit sha1_base64="263S/17yhHh4KdX4wg6Dc7W/caY="></latexit><latexit sha1_base64="263S/17yhHh4KdX4wg6Dc7W/caY="></latexit>

Lattice-continuum dictionary is very simple



Lattice CS only approaches continuum CS only in the continuum limit

Some examples of phases of overlap fermion determinant

a1 =
1

`
cos

✓
2⇡x3

`

◆
; a2 =

1

`
sin

✓
2⇡x3

`

◆
; a3 = 0

<latexit sha1_base64="gzMjsaBFF6NR37dbYquhnPamX+k="></latexit><latexit sha1_base64="gzMjsaBFF6NR37dbYquhnPamX+k="></latexit><latexit sha1_base64="gzMjsaBFF6NR37dbYquhnPamX+k="></latexit><latexit sha1_base64="gzMjsaBFF6NR37dbYquhnPamX+k="></latexit>

Phase of det / CS



Son’s composite fermion theory for half-filled FQHE on lattice

det


1 + V (2a)

2

�
det

⇥
V †(a)

⇤2
<latexit sha1_base64="FAh1dN7HVQ8QjdOAdeEVeQlcxQ4="></latexit><latexit sha1_base64="FAh1dN7HVQ8QjdOAdeEVeQlcxQ4="></latexit><latexit sha1_base64="FAh1dN7HVQ8QjdOAdeEVeQlcxQ4="></latexit><latexit sha1_base64="FAh1dN7HVQ8QjdOAdeEVeQlcxQ4="></latexit>

lattice

#eiA
<latexit sha1_base64="PSwy7UmVwSKE18ATV8ez0pCiMyE=">AAACIXicbVDLSgMxFM34rPVVdekmWARXZUYEXVbduKxgH9AZSya9bUMzD5I7YhnmA/wOP8CtfoI7cSd+gL9h2s7Ctl4IHM45Nyc5fiyFRtv+spaWV1bX1gsbxc2t7Z3d0t5+Q0eJ4lDnkYxUy2capAihjgIltGIFLPAlNP3h9VhvPoDSIgrvcBSDF7B+KHqCMzRUp1R2yxTuU5G6nEnqIjzi5NLUlwlk6WWWZdS47Io9GboInByUST61TunH7UY8CSBELpnWbceO0UuZQsElZEU30RAzPmR9aBsYsgC0l05yM3psmC7tRcqcEOmE/buRskDrUeAbZ8BwoOe1Mfmf1k6wd+GlIowThJBPg3qJpBjRcTO0KxRwlCMDGFfCvJXyAVOMo+lvJkWbTw2gmxVNM858D4ugcVpx7Ipze1auXuUdFcghOSInxCHnpEpuSI3UCSdP5IW8kjfr2Xq3PqzPqXXJyncOyMxY378G26SC</latexit><latexit sha1_base64="PSwy7UmVwSKE18ATV8ez0pCiMyE=">AAACIXicbVDLSgMxFM34rPVVdekmWARXZUYEXVbduKxgH9AZSya9bUMzD5I7YhnmA/wOP8CtfoI7cSd+gL9h2s7Ctl4IHM45Nyc5fiyFRtv+spaWV1bX1gsbxc2t7Z3d0t5+Q0eJ4lDnkYxUy2capAihjgIltGIFLPAlNP3h9VhvPoDSIgrvcBSDF7B+KHqCMzRUp1R2yxTuU5G6nEnqIjzi5NLUlwlk6WWWZdS47Io9GboInByUST61TunH7UY8CSBELpnWbceO0UuZQsElZEU30RAzPmR9aBsYsgC0l05yM3psmC7tRcqcEOmE/buRskDrUeAbZ8BwoOe1Mfmf1k6wd+GlIowThJBPg3qJpBjRcTO0KxRwlCMDGFfCvJXyAVOMo+lvJkWbTw2gmxVNM858D4ugcVpx7Ipze1auXuUdFcghOSInxCHnpEpuSI3UCSdP5IW8kjfr2Xq3PqzPqXXJyncOyMxY378G26SC</latexit><latexit sha1_base64="PSwy7UmVwSKE18ATV8ez0pCiMyE=">AAACIXicbVDLSgMxFM34rPVVdekmWARXZUYEXVbduKxgH9AZSya9bUMzD5I7YhnmA/wOP8CtfoI7cSd+gL9h2s7Ctl4IHM45Nyc5fiyFRtv+spaWV1bX1gsbxc2t7Z3d0t5+Q0eJ4lDnkYxUy2capAihjgIltGIFLPAlNP3h9VhvPoDSIgrvcBSDF7B+KHqCMzRUp1R2yxTuU5G6nEnqIjzi5NLUlwlk6WWWZdS47Io9GboInByUST61TunH7UY8CSBELpnWbceO0UuZQsElZEU30RAzPmR9aBsYsgC0l05yM3psmC7tRcqcEOmE/buRskDrUeAbZ8BwoOe1Mfmf1k6wd+GlIowThJBPg3qJpBjRcTO0KxRwlCMDGFfCvJXyAVOMo+lvJkWbTw2gmxVNM858D4ugcVpx7Ipze1auXuUdFcghOSInxCHnpEpuSI3UCSdP5IW8kjfr2Xq3PqzPqXXJyncOyMxY378G26SC</latexit><latexit sha1_base64="PSwy7UmVwSKE18ATV8ez0pCiMyE=">AAACIXicbVDLSgMxFM34rPVVdekmWARXZUYEXVbduKxgH9AZSya9bUMzD5I7YhnmA/wOP8CtfoI7cSd+gL9h2s7Ctl4IHM45Nyc5fiyFRtv+spaWV1bX1gsbxc2t7Z3d0t5+Q0eJ4lDnkYxUy2capAihjgIltGIFLPAlNP3h9VhvPoDSIgrvcBSDF7B+KHqCMzRUp1R2yxTuU5G6nEnqIjzi5NLUlwlk6WWWZdS47Io9GboInByUST61TunH7UY8CSBELpnWbceO0UuZQsElZEU30RAzPmR9aBsYsgC0l05yM3psmC7tRcqcEOmE/buRskDrUeAbZ8BwoOe1Mfmf1k6wd+GlIowThJBPg3qJpBjRcTO0KxRwlCMDGFfCvJXyAVOMo+lvJkWbTw2gmxVNM858D4ugcVpx7Ipze1auXuUdFcghOSInxCHnpEpuSI3UCSdP5IW8kjfr2Xq3PqzPqXXJyncOyMxY378G26SC</latexit>

also a toy-model for 4d chiral gauge theory on lattice!

 ̄ /D(2a) � 2i

4⇡
✏µ⌫⇢aµ@⌫a⇢

<latexit sha1_base64="7xq4GdKmY7JsmCXnmzDIfS+BdB0="></latexit><latexit sha1_base64="7xq4GdKmY7JsmCXnmzDIfS+BdB0="></latexit><latexit sha1_base64="7xq4GdKmY7JsmCXnmzDIfS+BdB0="></latexit><latexit sha1_base64="7xq4GdKmY7JsmCXnmzDIfS+BdB0="></latexit>

±| det /D|
<latexit sha1_base64="nY1M2ghtdvlS/mrnGCphM8jsrmc=">AAACE3icbZDLSsNAFIYnXmu9RcWVm8EiuCqJCLos6sJlBXuBJpTJ5LQdOpOEmYlQ0jyGD+BWH8GduPUBfAJfw2mbhW39YeDnP+fMOXxBwpnSjvNtrayurW9slrbK2zu7e/v2wWFTxamk0KAxj2U7IAo4i6ChmebQTiQQEXBoBcPbSb31BFKxOHrUowR8QfoR6zFKtIm69rGXCDz2QtCe4kQNIMzu8nHXrjhVZyq8bNzCVFChetf+8cKYpgIiTc03quM6ifYzIjWjHPKylypICB2SPnSMjYgA5WfT83N8ZpIQ92JpXqTxNP07kRGh1EgEplMQPVCLtUn4X62T6t61n7EoSTVEdLaol3KsYzxhgUMmgWo+MoZQycytmA6IJFQbYnNbCjZ52ZBxFzksm+ZF1XWq7sNlpXZTMCqhE3SKzpGLrlAN3aM6aiCKMvSCXtGb9Wy9Wx/W56x1xSpmjtCcrK9fFkyevA==</latexit><latexit sha1_base64="nY1M2ghtdvlS/mrnGCphM8jsrmc=">AAACE3icbZDLSsNAFIYnXmu9RcWVm8EiuCqJCLos6sJlBXuBJpTJ5LQdOpOEmYlQ0jyGD+BWH8GduPUBfAJfw2mbhW39YeDnP+fMOXxBwpnSjvNtrayurW9slrbK2zu7e/v2wWFTxamk0KAxj2U7IAo4i6ChmebQTiQQEXBoBcPbSb31BFKxOHrUowR8QfoR6zFKtIm69rGXCDz2QtCe4kQNIMzu8nHXrjhVZyq8bNzCVFChetf+8cKYpgIiTc03quM6ifYzIjWjHPKylypICB2SPnSMjYgA5WfT83N8ZpIQ92JpXqTxNP07kRGh1EgEplMQPVCLtUn4X62T6t61n7EoSTVEdLaol3KsYzxhgUMmgWo+MoZQycytmA6IJFQbYnNbCjZ52ZBxFzksm+ZF1XWq7sNlpXZTMCqhE3SKzpGLrlAN3aM6aiCKMvSCXtGb9Wy9Wx/W56x1xSpmjtCcrK9fFkyevA==</latexit><latexit sha1_base64="nY1M2ghtdvlS/mrnGCphM8jsrmc=">AAACE3icbZDLSsNAFIYnXmu9RcWVm8EiuCqJCLos6sJlBXuBJpTJ5LQdOpOEmYlQ0jyGD+BWH8GduPUBfAJfw2mbhW39YeDnP+fMOXxBwpnSjvNtrayurW9slrbK2zu7e/v2wWFTxamk0KAxj2U7IAo4i6ChmebQTiQQEXBoBcPbSb31BFKxOHrUowR8QfoR6zFKtIm69rGXCDz2QtCe4kQNIMzu8nHXrjhVZyq8bNzCVFChetf+8cKYpgIiTc03quM6ifYzIjWjHPKylypICB2SPnSMjYgA5WfT83N8ZpIQ92JpXqTxNP07kRGh1EgEplMQPVCLtUn4X62T6t61n7EoSTVEdLaol3KsYzxhgUMmgWo+MoZQycytmA6IJFQbYnNbCjZ52ZBxFzksm+ZF1XWq7sNlpXZTMCqhE3SKzpGLrlAN3aM6aiCKMvSCXtGb9Wy9Wx/W56x1xSpmjtCcrK9fFkyevA==</latexit><latexit sha1_base64="nY1M2ghtdvlS/mrnGCphM8jsrmc=">AAACE3icbZDLSsNAFIYnXmu9RcWVm8EiuCqJCLos6sJlBXuBJpTJ5LQdOpOEmYlQ0jyGD+BWH8GduPUBfAJfw2mbhW39YeDnP+fMOXxBwpnSjvNtrayurW9slrbK2zu7e/v2wWFTxamk0KAxj2U7IAo4i6ChmebQTiQQEXBoBcPbSb31BFKxOHrUowR8QfoR6zFKtIm69rGXCDz2QtCe4kQNIMzu8nHXrjhVZyq8bNzCVFChetf+8cKYpgIiTc03quM6ifYzIjWjHPKylypICB2SPnSMjYgA5WfT83N8ZpIQ92JpXqTxNP07kRGh1EgEplMQPVCLtUn4X62T6t61n7EoSTVEdLaol3KsYzxhgUMmgWo+MoZQycytmA6IJFQbYnNbCjZ52ZBxFzksm+ZF1XWq7sNlpXZTMCqhE3SKzpGLrlAN3aM6aiCKMvSCXtGb9Wy9Wx/W56x1xSpmjtCcrK9fFkyevA==</latexit>
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Summary
Can we produce a map showing the conformal and mass-gapped IR phases of 
fermionic gauge theories?   If QED3 is conformal for all N, why so?

N>0 parity-invariant QED3 appears to be conformal, and N>4 for SU(2) QCD3. 
We can understand conformality in QED3 for any N from a simple quadratic 
induced gauge action. 

How to quantify the relevance of topological defects (monopoles, vortices, etc) 
at IR fixed points? 

FSS of monopole BF is feasible on lattice. It would be interesting to use it to test 
sign-problem free duality conjectures.

Can we study consequences of particle-vortex dualities by Monte-Carlo 
simulations?

Demonstrated some duality predictions in QED3. Approximate modeling of 
fermion-induced conformal gauge field dynamics could be a practical direction to 
study 2+1 d theories. For example:  self-duality of QED3

 How about TQFTs?
CS on lattice via fermion determinant. Sign-problem for an actual study.


