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Gross-Neveu-Yukawa

This talk: fermionic FRG
Jakovác, Patkós, ’13; Jakovác, Patkós, Pósfay ’14



Map complete phase structure without chiral symmetry 

Do this without introducing bosonic auxiliary fields

Verify correspondence with Yukawa models
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Large N and the fermionic RG

Exact solutions of form:

All contributions to effective potential contained in:

fermionic local potential 
approximation 

Jakovác, Patkós, ’13; Jakovác, Patkós, Pósfay ’14

D’Attanasio, Morris ’97; CCH, Litim, in prep.
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Large N and the fermionic RG

d = 3 from now on

Exact flow for dimensionless potential:
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Weak solution: mass generated via cusp
4d 4F: Aoki, Sato, 1304.5276; O(N): Grossi, Wink, 1903.09503 + QCD & more  
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��2
<latexit sha1_base64="UIKGmBcJoAkdQcIF0kg+2lVYP8s=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyUpgi6LblxWsA9oQphMJu3QySTMTIQS+gP+glvduxO3/oVbv8Rpm4W2HrhwOOce7uWEGWdKO86XVdnY3Nreqe7W9vYPDuv20XFPpbkktEtSnspBiBXlTNCuZprTQSYpTkJO++Hkdu73H6lULBUPeppRP8EjwWJGsDZSYNe9iHKNPW4iEQ5agd1wms4CaJ24JWlAiU5gf3tRSvKECk04VmroOpn2Cyw1I5zOal6uaIbJBI/o0FCBE6r8YvH4DJ0bJUJxKs0IjRbq70SBE6WmSWg2E6zHatWbi/96YbJyWcfXfsFElmsqyPJwnHOkUzRvBUVMUqL51BBMJDO/IzLGEhNtuquZUtzVCtZJr9V0naZ7f9lo35T1VOEUzuACXLiCNtxBB7pAIIdneIFX68l6s96tj+VqxSozJ/AH1ucPCvWZmw==</latexit><latexit sha1_base64="UIKGmBcJoAkdQcIF0kg+2lVYP8s=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyUpgi6LblxWsA9oQphMJu3QySTMTIQS+gP+glvduxO3/oVbv8Rpm4W2HrhwOOce7uWEGWdKO86XVdnY3Nreqe7W9vYPDuv20XFPpbkktEtSnspBiBXlTNCuZprTQSYpTkJO++Hkdu73H6lULBUPeppRP8EjwWJGsDZSYNe9iHKNPW4iEQ5agd1wms4CaJ24JWlAiU5gf3tRSvKECk04VmroOpn2Cyw1I5zOal6uaIbJBI/o0FCBE6r8YvH4DJ0bJUJxKs0IjRbq70SBE6WmSWg2E6zHatWbi/96YbJyWcfXfsFElmsqyPJwnHOkUzRvBUVMUqL51BBMJDO/IzLGEhNtuquZUtzVCtZJr9V0naZ7f9lo35T1VOEUzuACXLiCNtxBB7pAIIdneIFX68l6s96tj+VqxSozJ/AH1ucPCvWZmw==</latexit><latexit sha1_base64="UIKGmBcJoAkdQcIF0kg+2lVYP8s=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyUpgi6LblxWsA9oQphMJu3QySTMTIQS+gP+glvduxO3/oVbv8Rpm4W2HrhwOOce7uWEGWdKO86XVdnY3Nreqe7W9vYPDuv20XFPpbkktEtSnspBiBXlTNCuZprTQSYpTkJO++Hkdu73H6lULBUPeppRP8EjwWJGsDZSYNe9iHKNPW4iEQ5agd1wms4CaJ24JWlAiU5gf3tRSvKECk04VmroOpn2Cyw1I5zOal6uaIbJBI/o0FCBE6r8YvH4DJ0bJUJxKs0IjRbq70SBE6WmSWg2E6zHatWbi/96YbJyWcfXfsFElmsqyPJwnHOkUzRvBUVMUqL51BBMJDO/IzLGEhNtuquZUtzVCtZJr9V0naZ7f9lo35T1VOEUzuACXLiCNtxBB7pAIIdneIFX68l6s96tj+VqxSozJ/AH1ucPCvWZmw==</latexit><latexit sha1_base64="UIKGmBcJoAkdQcIF0kg+2lVYP8s=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyUpgi6LblxWsA9oQphMJu3QySTMTIQS+gP+glvduxO3/oVbv8Rpm4W2HrhwOOce7uWEGWdKO86XVdnY3Nreqe7W9vYPDuv20XFPpbkktEtSnspBiBXlTNCuZprTQSYpTkJO++Hkdu73H6lULBUPeppRP8EjwWJGsDZSYNe9iHKNPW4iEQ5agd1wms4CaJ24JWlAiU5gf3tRSvKECk04VmroOpn2Cyw1I5zOal6uaIbJBI/o0FCBE6r8YvH4DJ0bJUJxKs0IjRbq70SBE6WmSWg2E6zHatWbi/96YbJyWcfXfsFElmsqyPJwnHOkUzRvBUVMUqL51BBMJDO/IzLGEhNtuquZUtzVCtZJr9V0naZ7f9lo35T1VOEUzuACXLiCNtxBB7pAIIdneIFX68l6s96tj+VqxSozJ/AH1ucPCvWZmw==</latexit>
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Spontaneous breaking of scale invariance
<latexit sha1_base64="iwQgqbFpYfgQkm8CYfYypSO5m6Q=">AAACIHicbVDNSsNAGNz4W+tf1KOXpUUQDyXRol6EghePVewPNDFsNpt26WYTdjdCCb37HD6AV30Eb+JRX8DXcNMG1NaBhdmZ+fh2x08YlcqyPoyFxaXlldXSWnl9Y3Nr29zZbcs4FZi0cMxi0fWRJIxy0lJUMdJNBEGRz0jHH17mfueeCEljfqtGCXEj1Oc0pBgpLXlmxWE6HCDv5O4IXsCfW+aICGJB1dgzq1bNmgDOE7sgVVCg6ZlfThDjNCJcYYak7NlWotwMCUUxI+Oyk0qSIDxEfdLTlKOISDeb/GUMD7QSwDAW+nAFJ+rviQxFUo4iXycjpAZy1svFfz2pnzIgwcx6FZ67GeVJqgjH0+1hyqCKYd4WDKggWLGRJigvg2KIB0ggrHSnZd2MPdvDPGkf1+zTWv26Xm3cFB2VwD6ogENggzPQAFegCVoAgwfwBJ7Bi/FovBpvxvs0umAUM3vgD4zPb1IDovc=</latexit>

�⇤
3 = �crit

3

<latexit sha1_base64="FzpvcDB05owO0JpDj7KlHA+w9+4=">AAACDXicbVDLSsNAFL3xWeujUZduBosgLkqiRd0IBTcuq9gHtDFMJpN26GQSZiZCKf0GP8CtfoI7ces3+AX+htM2C209MHA451zunROknCntOF/W0vLK6tp6YaO4ubW9U7J395oqySShDZLwRLYDrChngjY005y2U0lxHHDaCgbXE7/1SKViibjXw5R6Me4JFjGCtZF8u9TlJhxi/+zhBF0hx7fLTsWZAi0SNydlyFH37e9umJAspkITjpXquE6qvRGWmhFOx8VupmiKyQD3aMdQgWOqvNH08DE6MkqIokSaJzSaqr8nRjhWahgHJhlj3Vfz3kT811PmlD4N59br6NIbMZFmmgoy2x5lHOkETapBIZOUaD40BBPJzAcQ6WOJiTYFFk0z7nwPi6R5WnHPK9Xbarl2l3dUgAM4hGNw4QJqcAN1aACBDJ7hBV6tJ+vNerc+ZtElK5/Zhz+wPn8A9Cuatw==</latexit>

�⇤
3 = 0
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<latexit sha1_base64="svqtSOXLG8gkJ5dctH0zDFBXkKg=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BLx4TMQ9IljA725sMmX0wMyvEJfgBXvUTvIlXv8Uv8DecJHvQxIKGoqqb7i4vEVxp2/6yCmvrG5tbxe3Szu7e/kH58Kit4lQybLFYxLLrUYWCR9jSXAvsJhJp6AnseOObmd95QKl4HN3rSYJuSIcRDzij2kjNx0G5YlftOcgqcXJSgRyNQfm778csDTHSTFCleo6daDejUnMmcFrqpwoTysZ0iD1DIxqicrP5oVNyZhSfBLE0FWkyV39PZDRUahJ6pjOkeqSWvZn4r6fMKSP0l9br4NrNeJSkGiO22B6kguiYzKIgPpfItJgYQpnk5gHCRlRSpk1gJZOMs5zDKmlfVJ3Laq1Zq9Tv8oyKcAKncA4OXEEdbqEBLWCA8Awv8Go9WW/Wu/WxaC1Y+cwx/IH1+QPZtJXw</latexit>z

<latexit sha1_base64="uZStv/59mTmslY+U/fXMR/5Q8/Q=">AAACA3icbVDLTsJAFJ3iC/GFunQzkRjRBWkNUZckblyikUcCDZlOb2HCdNrMTEmwYekHuNVPcGfc+iF+gb/hAF0oeJKbnJxzb+69x4s5U9q2v6zcyura+kZ+s7C1vbO7V9w/aKookRQaNOKRbHtEAWcCGpppDu1YAgk9Di1veDP1WyOQikXiQY9jcEPSFyxglGgjtUanvfPy41mvWLIr9gx4mTgZKaEM9V7xu+tHNAlBaMqJUh3HjrWbEqkZ5TApdBMFMaFD0oeOoYKEoNx0du4EnxjFx0EkTQmNZ+rviZSESo1Dz3SGRA/UojcV//WUOWUA/sJ6HVy7KRNxokHQ+fYg4VhHeBoI9pkEqvnYEEIlMw9gOiCSUG1iK5hknMUclknzouJcVqp31VLtPssoj47QMSojB12hGrpFddRAFA3RM3pBr9aT9Wa9Wx/z1pyVzRyiP7A+fwAVTpej</latexit>

v0⇤(z)

CCH, Litim, 2212.06815
cf. O(N) model: 
Bander, Bardeen, Moshe, PRL ’83 
David, Kessler, Neuberger, PRL ’85 
Litim, Marchais, Mati, 1702.05749



Spontaneous breaking of scale invariance
<latexit sha1_base64="iwQgqbFpYfgQkm8CYfYypSO5m6Q=">AAACIHicbVDNSsNAGNz4W+tf1KOXpUUQDyXRol6EghePVewPNDFsNpt26WYTdjdCCb37HD6AV30Eb+JRX8DXcNMG1NaBhdmZ+fh2x08YlcqyPoyFxaXlldXSWnl9Y3Nr29zZbcs4FZi0cMxi0fWRJIxy0lJUMdJNBEGRz0jHH17mfueeCEljfqtGCXEj1Oc0pBgpLXlmxWE6HCDv5O4IXsCfW+aICGJB1dgzq1bNmgDOE7sgVVCg6ZlfThDjNCJcYYak7NlWotwMCUUxI+Oyk0qSIDxEfdLTlKOISDeb/GUMD7QSwDAW+nAFJ+rviQxFUo4iXycjpAZy1svFfz2pnzIgwcx6FZ67GeVJqgjH0+1hyqCKYd4WDKggWLGRJigvg2KIB0ggrHSnZd2MPdvDPGkf1+zTWv26Xm3cFB2VwD6ogENggzPQAFegCVoAgwfwBJ7Bi/FovBpvxvs0umAUM3vgD4zPb1IDovc=</latexit>

�⇤
3 = �crit

3

<latexit sha1_base64="FzpvcDB05owO0JpDj7KlHA+w9+4=">AAACDXicbVDLSsNAFL3xWeujUZduBosgLkqiRd0IBTcuq9gHtDFMJpN26GQSZiZCKf0GP8CtfoI7ces3+AX+htM2C209MHA451zunROknCntOF/W0vLK6tp6YaO4ubW9U7J395oqySShDZLwRLYDrChngjY005y2U0lxHHDaCgbXE7/1SKViibjXw5R6Me4JFjGCtZF8u9TlJhxi/+zhBF0hx7fLTsWZAi0SNydlyFH37e9umJAspkITjpXquE6qvRGWmhFOx8VupmiKyQD3aMdQgWOqvNH08DE6MkqIokSaJzSaqr8nRjhWahgHJhlj3Vfz3kT811PmlD4N59br6NIbMZFmmgoy2x5lHOkETapBIZOUaD40BBPJzAcQ6WOJiTYFFk0z7nwPi6R5WnHPK9Xbarl2l3dUgAM4hGNw4QJqcAN1aACBDJ7hBV6tJ+vNerc+ZtElK5/Zhz+wPn8A9Cuatw==</latexit>

�⇤
3 = 0
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<latexit sha1_base64="svqtSOXLG8gkJ5dctH0zDFBXkKg=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BLx4TMQ9IljA725sMmX0wMyvEJfgBXvUTvIlXv8Uv8DecJHvQxIKGoqqb7i4vEVxp2/6yCmvrG5tbxe3Szu7e/kH58Kit4lQybLFYxLLrUYWCR9jSXAvsJhJp6AnseOObmd95QKl4HN3rSYJuSIcRDzij2kjNx0G5YlftOcgqcXJSgRyNQfm778csDTHSTFCleo6daDejUnMmcFrqpwoTysZ0iD1DIxqicrP5oVNyZhSfBLE0FWkyV39PZDRUahJ6pjOkeqSWvZn4r6fMKSP0l9br4NrNeJSkGiO22B6kguiYzKIgPpfItJgYQpnk5gHCRlRSpk1gJZOMs5zDKmlfVJ3Laq1Zq9Tv8oyKcAKncA4OXEEdbqEBLWCA8Awv8Go9WW/Wu/WxaC1Y+cwx/IH1+QPZtJXw</latexit>z

<latexit sha1_base64="uZStv/59mTmslY+U/fXMR/5Q8/Q=">AAACA3icbVDLTsJAFJ3iC/GFunQzkRjRBWkNUZckblyikUcCDZlOb2HCdNrMTEmwYekHuNVPcGfc+iF+gb/hAF0oeJKbnJxzb+69x4s5U9q2v6zcyura+kZ+s7C1vbO7V9w/aKookRQaNOKRbHtEAWcCGpppDu1YAgk9Di1veDP1WyOQikXiQY9jcEPSFyxglGgjtUanvfPy41mvWLIr9gx4mTgZKaEM9V7xu+tHNAlBaMqJUh3HjrWbEqkZ5TApdBMFMaFD0oeOoYKEoNx0du4EnxjFx0EkTQmNZ+rviZSESo1Dz3SGRA/UojcV//WUOWUA/sJ6HVy7KRNxokHQ+fYg4VhHeBoI9pkEqvnYEEIlMw9gOiCSUG1iK5hknMUclknzouJcVqp31VLtPssoj47QMSojB12hGrpFddRAFA3RM3pBr9aT9Wa9Wx/z1pyVzRyiP7A+fwAVTpej</latexit>

v0⇤(z)

Physical fermion mass

CCH, Litim, 2212.06815
cf. O(N) model: 
Bander, Bardeen, Moshe, PRL ’83 
David, Kessler, Neuberger, PRL ’85 
Litim, Marchais, Mati, 1702.05749



Spontaneous breaking of scale invariance
<latexit sha1_base64="iwQgqbFpYfgQkm8CYfYypSO5m6Q=">AAACIHicbVDNSsNAGNz4W+tf1KOXpUUQDyXRol6EghePVewPNDFsNpt26WYTdjdCCb37HD6AV30Eb+JRX8DXcNMG1NaBhdmZ+fh2x08YlcqyPoyFxaXlldXSWnl9Y3Nr29zZbcs4FZi0cMxi0fWRJIxy0lJUMdJNBEGRz0jHH17mfueeCEljfqtGCXEj1Oc0pBgpLXlmxWE6HCDv5O4IXsCfW+aICGJB1dgzq1bNmgDOE7sgVVCg6ZlfThDjNCJcYYak7NlWotwMCUUxI+Oyk0qSIDxEfdLTlKOISDeb/GUMD7QSwDAW+nAFJ+rviQxFUo4iXycjpAZy1svFfz2pnzIgwcx6FZ67GeVJqgjH0+1hyqCKYd4WDKggWLGRJigvg2KIB0ggrHSnZd2MPdvDPGkf1+zTWv26Xm3cFB2VwD6ogENggzPQAFegCVoAgwfwBJ7Bi/FovBpvxvs0umAUM3vgD4zPb1IDovc=</latexit>

�⇤
3 = �crit

3

<latexit sha1_base64="FzpvcDB05owO0JpDj7KlHA+w9+4=">AAACDXicbVDLSsNAFL3xWeujUZduBosgLkqiRd0IBTcuq9gHtDFMJpN26GQSZiZCKf0GP8CtfoI7ces3+AX+htM2C209MHA451zunROknCntOF/W0vLK6tp6YaO4ubW9U7J395oqySShDZLwRLYDrChngjY005y2U0lxHHDaCgbXE7/1SKViibjXw5R6Me4JFjGCtZF8u9TlJhxi/+zhBF0hx7fLTsWZAi0SNydlyFH37e9umJAspkITjpXquE6qvRGWmhFOx8VupmiKyQD3aMdQgWOqvNH08DE6MkqIokSaJzSaqr8nRjhWahgHJhlj3Vfz3kT811PmlD4N59br6NIbMZFmmgoy2x5lHOkETapBIZOUaD40BBPJzAcQ6WOJiTYFFk0z7nwPi6R5WnHPK9Xbarl2l3dUgAM4hGNw4QJqcAN1aACBDJ7hBV6tJ+vNerc+ZtElK5/Zhz+wPn8A9Cuatw==</latexit>

�⇤
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<latexit sha1_base64="svqtSOXLG8gkJ5dctH0zDFBXkKg=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BLx4TMQ9IljA725sMmX0wMyvEJfgBXvUTvIlXv8Uv8DecJHvQxIKGoqqb7i4vEVxp2/6yCmvrG5tbxe3Szu7e/kH58Kit4lQybLFYxLLrUYWCR9jSXAvsJhJp6AnseOObmd95QKl4HN3rSYJuSIcRDzij2kjNx0G5YlftOcgqcXJSgRyNQfm778csDTHSTFCleo6daDejUnMmcFrqpwoTysZ0iD1DIxqicrP5oVNyZhSfBLE0FWkyV39PZDRUahJ6pjOkeqSWvZn4r6fMKSP0l9br4NrNeJSkGiO22B6kguiYzKIgPpfItJgYQpnk5gHCRlRSpk1gJZOMs5zDKmlfVJ3Laq1Zq9Tv8oyKcAKncA4OXEEdbqEBLWCA8Awv8Go9WW/Wu/WxaC1Y+cwx/IH1+QPZtJXw</latexit>z

<latexit sha1_base64="uZStv/59mTmslY+U/fXMR/5Q8/Q=">AAACA3icbVDLTsJAFJ3iC/GFunQzkRjRBWkNUZckblyikUcCDZlOb2HCdNrMTEmwYekHuNVPcGfc+iF+gb/hAF0oeJKbnJxzb+69x4s5U9q2v6zcyura+kZ+s7C1vbO7V9w/aKookRQaNOKRbHtEAWcCGpppDu1YAgk9Di1veDP1WyOQikXiQY9jcEPSFyxglGgjtUanvfPy41mvWLIr9gx4mTgZKaEM9V7xu+tHNAlBaMqJUh3HjrWbEqkZ5TApdBMFMaFD0oeOoYKEoNx0du4EnxjFx0EkTQmNZ+rviZSESo1Dz3SGRA/UojcV//WUOWUA/sJ6HVy7KRNxokHQ+fYg4VhHeBoI9pkEqvnYEEIlMw9gOiCSUG1iK5hknMUclknzouJcVqp31VLtPssoj47QMSojB12hGrpFddRAFA3RM3pBr9aT9Wa9Wx/z1pyVzRyiP7A+fwAVTpej</latexit>

v0⇤(z)

Physical fermion mass

satisfies gap equation

CCH, Litim, 2212.06815
cf. O(N) model: 
Bander, Bardeen, Moshe, PRL ’83 
David, Kessler, Neuberger, PRL ’85 
Litim, Marchais, Mati, 1702.05749
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<latexit sha1_base64="zuujqFEekK6VG8XT7kZSUGpbz88=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GwCrsqaBm0sYxgHpIsYXZ2NhkyM7vMzAphSeMv2GpvJ7b+ia1f4myyhSYeuHA451zu5QQJZ9q47pdTWlldW98ob1a2tnd296r7B20dp4rQFol5rLoB1pQzSVuGGU67iaJYBJx2gvFN7nceqdIslvdmklBf4KFkESPYWOmhz200xIPzQbXm1t0Z0DLxClKDAs1B9bsfxiQVVBrCsdY9z02Mn2FlGOF0WumnmiaYjPGQ9iyVWFDtZ7OHp+jEKiGKYmVHGjRTf29kWGg9EYFNCmxGetHLxX+9QCxcNtGVnzGZpIZKMj8cpRyZGOVtoJApSgyfWIKJYvZ3REZYYWJsZxVbirdYwTJpn9U9t+7dXdQa10U9ZTiCYzgFDy6hAbfQhBYQEPAML/DqPDlvzrvzMY+WnGLnEP7A+fwBz++WyQ==</latexit><latexit sha1_base64="zuujqFEekK6VG8XT7kZSUGpbz88=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GwCrsqaBm0sYxgHpIsYXZ2NhkyM7vMzAphSeMv2GpvJ7b+ia1f4myyhSYeuHA451zu5QQJZ9q47pdTWlldW98ob1a2tnd296r7B20dp4rQFol5rLoB1pQzSVuGGU67iaJYBJx2gvFN7nceqdIslvdmklBf4KFkESPYWOmhz200xIPzQbXm1t0Z0DLxClKDAs1B9bsfxiQVVBrCsdY9z02Mn2FlGOF0WumnmiaYjPGQ9iyVWFDtZ7OHp+jEKiGKYmVHGjRTf29kWGg9EYFNCmxGetHLxX+9QCxcNtGVnzGZpIZKMj8cpRyZGOVtoJApSgyfWIKJYvZ3REZYYWJsZxVbirdYwTJpn9U9t+7dXdQa10U9ZTiCYzgFDy6hAbfQhBYQEPAML/DqPDlvzrvzMY+WnGLnEP7A+fwBz++WyQ==</latexit><latexit sha1_base64="zuujqFEekK6VG8XT7kZSUGpbz88=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GwCrsqaBm0sYxgHpIsYXZ2NhkyM7vMzAphSeMv2GpvJ7b+ia1f4myyhSYeuHA451zu5QQJZ9q47pdTWlldW98ob1a2tnd296r7B20dp4rQFol5rLoB1pQzSVuGGU67iaJYBJx2gvFN7nceqdIslvdmklBf4KFkESPYWOmhz200xIPzQbXm1t0Z0DLxClKDAs1B9bsfxiQVVBrCsdY9z02Mn2FlGOF0WumnmiaYjPGQ9iyVWFDtZ7OHp+jEKiGKYmVHGjRTf29kWGg9EYFNCmxGetHLxX+9QCxcNtGVnzGZpIZKMj8cpRyZGOVtoJApSgyfWIKJYvZ3REZYYWJsZxVbirdYwTJpn9U9t+7dXdQa10U9ZTiCYzgFDy6hAbfQhBYQEPAML/DqPDlvzrvzMY+WnGLnEP7A+fwBz++WyQ==</latexit><latexit sha1_base64="zuujqFEekK6VG8XT7kZSUGpbz88=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GwCrsqaBm0sYxgHpIsYXZ2NhkyM7vMzAphSeMv2GpvJ7b+ia1f4myyhSYeuHA451zu5QQJZ9q47pdTWlldW98ob1a2tnd296r7B20dp4rQFol5rLoB1pQzSVuGGU67iaJYBJx2gvFN7nceqdIslvdmklBf4KFkESPYWOmhz200xIPzQbXm1t0Z0DLxClKDAs1B9bsfxiQVVBrCsdY9z02Mn2FlGOF0WumnmiaYjPGQ9iyVWFDtZ7OHp+jEKiGKYmVHGjRTf29kWGg9EYFNCmxGetHLxX+9QCxcNtGVnzGZpIZKMj8cpRyZGOVtoJApSgyfWIKJYvZ3REZYYWJsZxVbirdYwTJpn9U9t+7dXdQa10U9ZTiCYzgFDy6hAbfQhBYQEPAML/DqPDlvzrvzMY+WnGLnEP7A+fwBz++WyQ==</latexit>

��2
<latexit sha1_base64="UIKGmBcJoAkdQcIF0kg+2lVYP8s=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyUpgi6LblxWsA9oQphMJu3QySTMTIQS+gP+glvduxO3/oVbv8Rpm4W2HrhwOOce7uWEGWdKO86XVdnY3Nreqe7W9vYPDuv20XFPpbkktEtSnspBiBXlTNCuZprTQSYpTkJO++Hkdu73H6lULBUPeppRP8EjwWJGsDZSYNe9iHKNPW4iEQ5agd1wms4CaJ24JWlAiU5gf3tRSvKECk04VmroOpn2Cyw1I5zOal6uaIbJBI/o0FCBE6r8YvH4DJ0bJUJxKs0IjRbq70SBE6WmSWg2E6zHatWbi/96YbJyWcfXfsFElmsqyPJwnHOkUzRvBUVMUqL51BBMJDO/IzLGEhNtuquZUtzVCtZJr9V0naZ7f9lo35T1VOEUzuACXLiCNtxBB7pAIIdneIFX68l6s96tj+VqxSozJ/AH1ucPCvWZmw==</latexit><latexit sha1_base64="UIKGmBcJoAkdQcIF0kg+2lVYP8s=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyUpgi6LblxWsA9oQphMJu3QySTMTIQS+gP+glvduxO3/oVbv8Rpm4W2HrhwOOce7uWEGWdKO86XVdnY3Nreqe7W9vYPDuv20XFPpbkktEtSnspBiBXlTNCuZprTQSYpTkJO++Hkdu73H6lULBUPeppRP8EjwWJGsDZSYNe9iHKNPW4iEQ5agd1wms4CaJ24JWlAiU5gf3tRSvKECk04VmroOpn2Cyw1I5zOal6uaIbJBI/o0FCBE6r8YvH4DJ0bJUJxKs0IjRbq70SBE6WmSWg2E6zHatWbi/96YbJyWcfXfsFElmsqyPJwnHOkUzRvBUVMUqL51BBMJDO/IzLGEhNtuquZUtzVCtZJr9V0naZ7f9lo35T1VOEUzuACXLiCNtxBB7pAIIdneIFX68l6s96tj+VqxSozJ/AH1ucPCvWZmw==</latexit><latexit sha1_base64="UIKGmBcJoAkdQcIF0kg+2lVYP8s=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyUpgi6LblxWsA9oQphMJu3QySTMTIQS+gP+glvduxO3/oVbv8Rpm4W2HrhwOOce7uWEGWdKO86XVdnY3Nreqe7W9vYPDuv20XFPpbkktEtSnspBiBXlTNCuZprTQSYpTkJO++Hkdu73H6lULBUPeppRP8EjwWJGsDZSYNe9iHKNPW4iEQ5agd1wms4CaJ24JWlAiU5gf3tRSvKECk04VmroOpn2Cyw1I5zOal6uaIbJBI/o0FCBE6r8YvH4DJ0bJUJxKs0IjRbq70SBE6WmSWg2E6zHatWbi/96YbJyWcfXfsFElmsqyPJwnHOkUzRvBUVMUqL51BBMJDO/IzLGEhNtuquZUtzVCtZJr9V0naZ7f9lo35T1VOEUzuACXLiCNtxBB7pAIIdneIFX68l6s96tj+VqxSozJ/AH1ucPCvWZmw==</latexit><latexit sha1_base64="UIKGmBcJoAkdQcIF0kg+2lVYP8s=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyUpgi6LblxWsA9oQphMJu3QySTMTIQS+gP+glvduxO3/oVbv8Rpm4W2HrhwOOce7uWEGWdKO86XVdnY3Nreqe7W9vYPDuv20XFPpbkktEtSnspBiBXlTNCuZprTQSYpTkJO++Hkdu73H6lULBUPeppRP8EjwWJGsDZSYNe9iHKNPW4iEQ5agd1wms4CaJ24JWlAiU5gf3tRSvKECk04VmroOpn2Cyw1I5zOal6uaIbJBI/o0FCBE6r8YvH4DJ0bJUJxKs0IjRbq70SBE6WmSWg2E6zHatWbi/96YbJyWcfXfsFElmsqyPJwnHOkUzRvBUVMUqL51BBMJDO/IzLGEhNtuquZUtzVCtZJr9V0naZ7f9lo35T1VOEUzuACXLiCNtxBB7pAIIdneIFX68l6s96tj+VqxSozJ/AH1ucPCvWZmw==</latexit>
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��2
<latexit sha1_base64="UIKGmBcJoAkdQcIF0kg+2lVYP8s=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyUpgi6LblxWsA9oQphMJu3QySTMTIQS+gP+glvduxO3/oVbv8Rpm4W2HrhwOOce7uWEGWdKO86XVdnY3Nreqe7W9vYPDuv20XFPpbkktEtSnspBiBXlTNCuZprTQSYpTkJO++Hkdu73H6lULBUPeppRP8EjwWJGsDZSYNe9iHKNPW4iEQ5agd1wms4CaJ24JWlAiU5gf3tRSvKECk04VmroOpn2Cyw1I5zOal6uaIbJBI/o0FCBE6r8YvH4DJ0bJUJxKs0IjRbq70SBE6WmSWg2E6zHatWbi/96YbJyWcfXfsFElmsqyPJwnHOkUzRvBUVMUqL51BBMJDO/IzLGEhNtuquZUtzVCtZJr9V0naZ7f9lo35T1VOEUzuACXLiCNtxBB7pAIIdneIFX68l6s96tj+VqxSozJ/AH1ucPCvWZmw==</latexit><latexit sha1_base64="UIKGmBcJoAkdQcIF0kg+2lVYP8s=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyUpgi6LblxWsA9oQphMJu3QySTMTIQS+gP+glvduxO3/oVbv8Rpm4W2HrhwOOce7uWEGWdKO86XVdnY3Nreqe7W9vYPDuv20XFPpbkktEtSnspBiBXlTNCuZprTQSYpTkJO++Hkdu73H6lULBUPeppRP8EjwWJGsDZSYNe9iHKNPW4iEQ5agd1wms4CaJ24JWlAiU5gf3tRSvKECk04VmroOpn2Cyw1I5zOal6uaIbJBI/o0FCBE6r8YvH4DJ0bJUJxKs0IjRbq70SBE6WmSWg2E6zHatWbi/96YbJyWcfXfsFElmsqyPJwnHOkUzRvBUVMUqL51BBMJDO/IzLGEhNtuquZUtzVCtZJr9V0naZ7f9lo35T1VOEUzuACXLiCNtxBB7pAIIdneIFX68l6s96tj+VqxSozJ/AH1ucPCvWZmw==</latexit><latexit sha1_base64="UIKGmBcJoAkdQcIF0kg+2lVYP8s=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyUpgi6LblxWsA9oQphMJu3QySTMTIQS+gP+glvduxO3/oVbv8Rpm4W2HrhwOOce7uWEGWdKO86XVdnY3Nreqe7W9vYPDuv20XFPpbkktEtSnspBiBXlTNCuZprTQSYpTkJO++Hkdu73H6lULBUPeppRP8EjwWJGsDZSYNe9iHKNPW4iEQ5agd1wms4CaJ24JWlAiU5gf3tRSvKECk04VmroOpn2Cyw1I5zOal6uaIbJBI/o0FCBE6r8YvH4DJ0bJUJxKs0IjRbq70SBE6WmSWg2E6zHatWbi/96YbJyWcfXfsFElmsqyPJwnHOkUzRvBUVMUqL51BBMJDO/IzLGEhNtuquZUtzVCtZJr9V0naZ7f9lo35T1VOEUzuACXLiCNtxBB7pAIIdneIFX68l6s96tj+VqxSozJ/AH1ucPCvWZmw==</latexit><latexit sha1_base64="UIKGmBcJoAkdQcIF0kg+2lVYP8s=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyUpgi6LblxWsA9oQphMJu3QySTMTIQS+gP+glvduxO3/oVbv8Rpm4W2HrhwOOce7uWEGWdKO86XVdnY3Nreqe7W9vYPDuv20XFPpbkktEtSnspBiBXlTNCuZprTQSYpTkJO++Hkdu73H6lULBUPeppRP8EjwWJGsDZSYNe9iHKNPW4iEQ5agd1wms4CaJ24JWlAiU5gf3tRSvKECk04VmroOpn2Cyw1I5zOal6uaIbJBI/o0FCBE6r8YvH4DJ0bJUJxKs0IjRbq70SBE6WmSWg2E6zHatWbi/96YbJyWcfXfsFElmsqyPJwnHOkUzRvBUVMUqL51BBMJDO/IzLGEhNtuquZUtzVCtZJr9V0naZ7f9lo35T1VOEUzuACXLiCNtxBB7pAIIdneIFX68l6s96tj+VqxSozJ/AH1ucPCvWZmw==</latexit>

�3
<latexit sha1_base64="zuujqFEekK6VG8XT7kZSUGpbz88=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GwCrsqaBm0sYxgHpIsYXZ2NhkyM7vMzAphSeMv2GpvJ7b+ia1f4myyhSYeuHA451zu5QQJZ9q47pdTWlldW98ob1a2tnd296r7B20dp4rQFol5rLoB1pQzSVuGGU67iaJYBJx2gvFN7nceqdIslvdmklBf4KFkESPYWOmhz200xIPzQbXm1t0Z0DLxClKDAs1B9bsfxiQVVBrCsdY9z02Mn2FlGOF0WumnmiaYjPGQ9iyVWFDtZ7OHp+jEKiGKYmVHGjRTf29kWGg9EYFNCmxGetHLxX+9QCxcNtGVnzGZpIZKMj8cpRyZGOVtoJApSgyfWIKJYvZ3REZYYWJsZxVbirdYwTJpn9U9t+7dXdQa10U9ZTiCYzgFDy6hAbfQhBYQEPAML/DqPDlvzrvzMY+WnGLnEP7A+fwBz++WyQ==</latexit><latexit sha1_base64="zuujqFEekK6VG8XT7kZSUGpbz88=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GwCrsqaBm0sYxgHpIsYXZ2NhkyM7vMzAphSeMv2GpvJ7b+ia1f4myyhSYeuHA451zu5QQJZ9q47pdTWlldW98ob1a2tnd296r7B20dp4rQFol5rLoB1pQzSVuGGU67iaJYBJx2gvFN7nceqdIslvdmklBf4KFkESPYWOmhz200xIPzQbXm1t0Z0DLxClKDAs1B9bsfxiQVVBrCsdY9z02Mn2FlGOF0WumnmiaYjPGQ9iyVWFDtZ7OHp+jEKiGKYmVHGjRTf29kWGg9EYFNCmxGetHLxX+9QCxcNtGVnzGZpIZKMj8cpRyZGOVtoJApSgyfWIKJYvZ3REZYYWJsZxVbirdYwTJpn9U9t+7dXdQa10U9ZTiCYzgFDy6hAbfQhBYQEPAML/DqPDlvzrvzMY+WnGLnEP7A+fwBz++WyQ==</latexit><latexit sha1_base64="zuujqFEekK6VG8XT7kZSUGpbz88=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GwCrsqaBm0sYxgHpIsYXZ2NhkyM7vMzAphSeMv2GpvJ7b+ia1f4myyhSYeuHA451zu5QQJZ9q47pdTWlldW98ob1a2tnd296r7B20dp4rQFol5rLoB1pQzSVuGGU67iaJYBJx2gvFN7nceqdIslvdmklBf4KFkESPYWOmhz200xIPzQbXm1t0Z0DLxClKDAs1B9bsfxiQVVBrCsdY9z02Mn2FlGOF0WumnmiaYjPGQ9iyVWFDtZ7OHp+jEKiGKYmVHGjRTf29kWGg9EYFNCmxGetHLxX+9QCxcNtGVnzGZpIZKMj8cpRyZGOVtoJApSgyfWIKJYvZ3REZYYWJsZxVbirdYwTJpn9U9t+7dXdQa10U9ZTiCYzgFDy6hAbfQhBYQEPAML/DqPDlvzrvzMY+WnGLnEP7A+fwBz++WyQ==</latexit><latexit sha1_base64="zuujqFEekK6VG8XT7kZSUGpbz88=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GwCrsqaBm0sYxgHpIsYXZ2NhkyM7vMzAphSeMv2GpvJ7b+ia1f4myyhSYeuHA451zu5QQJZ9q47pdTWlldW98ob1a2tnd296r7B20dp4rQFol5rLoB1pQzSVuGGU67iaJYBJx2gvFN7nceqdIslvdmklBf4KFkESPYWOmhz200xIPzQbXm1t0Z0DLxClKDAs1B9bsfxiQVVBrCsdY9z02Mn2FlGOF0WumnmiaYjPGQ9iyVWFDtZ7OHp+jEKiGKYmVHGjRTf29kWGg9EYFNCmxGetHLxX+9QCxcNtGVnzGZpIZKMj8cpRyZGOVtoJApSgyfWIKJYvZ3REZYYWJsZxVbirdYwTJpn9U9t+7dXdQa10U9ZTiCYzgFDy6hAbfQhBYQEPAML/DqPDlvzrvzMY+WnGLnEP7A+fwBz++WyQ==</latexit>
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�3�3
<latexit sha1_base64="zuujqFEekK6VG8XT7kZSUGpbz88=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GwCrsqaBm0sYxgHpIsYXZ2NhkyM7vMzAphSeMv2GpvJ7b+ia1f4myyhSYeuHA451zu5QQJZ9q47pdTWlldW98ob1a2tnd296r7B20dp4rQFol5rLoB1pQzSVuGGU67iaJYBJx2gvFN7nceqdIslvdmklBf4KFkESPYWOmhz200xIPzQbXm1t0Z0DLxClKDAs1B9bsfxiQVVBrCsdY9z02Mn2FlGOF0WumnmiaYjPGQ9iyVWFDtZ7OHp+jEKiGKYmVHGjRTf29kWGg9EYFNCmxGetHLxX+9QCxcNtGVnzGZpIZKMj8cpRyZGOVtoJApSgyfWIKJYvZ3REZYYWJsZxVbirdYwTJpn9U9t+7dXdQa10U9ZTiCYzgFDy6hAbfQhBYQEPAML/DqPDlvzrvzMY+WnGLnEP7A+fwBz++WyQ==</latexit><latexit sha1_base64="zuujqFEekK6VG8XT7kZSUGpbz88=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GwCrsqaBm0sYxgHpIsYXZ2NhkyM7vMzAphSeMv2GpvJ7b+ia1f4myyhSYeuHA451zu5QQJZ9q47pdTWlldW98ob1a2tnd296r7B20dp4rQFol5rLoB1pQzSVuGGU67iaJYBJx2gvFN7nceqdIslvdmklBf4KFkESPYWOmhz200xIPzQbXm1t0Z0DLxClKDAs1B9bsfxiQVVBrCsdY9z02Mn2FlGOF0WumnmiaYjPGQ9iyVWFDtZ7OHp+jEKiGKYmVHGjRTf29kWGg9EYFNCmxGetHLxX+9QCxcNtGVnzGZpIZKMj8cpRyZGOVtoJApSgyfWIKJYvZ3REZYYWJsZxVbirdYwTJpn9U9t+7dXdQa10U9ZTiCYzgFDy6hAbfQhBYQEPAML/DqPDlvzrvzMY+WnGLnEP7A+fwBz++WyQ==</latexit><latexit sha1_base64="zuujqFEekK6VG8XT7kZSUGpbz88=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GwCrsqaBm0sYxgHpIsYXZ2NhkyM7vMzAphSeMv2GpvJ7b+ia1f4myyhSYeuHA451zu5QQJZ9q47pdTWlldW98ob1a2tnd296r7B20dp4rQFol5rLoB1pQzSVuGGU67iaJYBJx2gvFN7nceqdIslvdmklBf4KFkESPYWOmhz200xIPzQbXm1t0Z0DLxClKDAs1B9bsfxiQVVBrCsdY9z02Mn2FlGOF0WumnmiaYjPGQ9iyVWFDtZ7OHp+jEKiGKYmVHGjRTf29kWGg9EYFNCmxGetHLxX+9QCxcNtGVnzGZpIZKMj8cpRyZGOVtoJApSgyfWIKJYvZ3REZYYWJsZxVbirdYwTJpn9U9t+7dXdQa10U9ZTiCYzgFDy6hAbfQhBYQEPAML/DqPDlvzrvzMY+WnGLnEP7A+fwBz++WyQ==</latexit><latexit sha1_base64="zuujqFEekK6VG8XT7kZSUGpbz88=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GwCrsqaBm0sYxgHpIsYXZ2NhkyM7vMzAphSeMv2GpvJ7b+ia1f4myyhSYeuHA451zu5QQJZ9q47pdTWlldW98ob1a2tnd296r7B20dp4rQFol5rLoB1pQzSVuGGU67iaJYBJx2gvFN7nceqdIslvdmklBf4KFkESPYWOmhz200xIPzQbXm1t0Z0DLxClKDAs1B9bsfxiQVVBrCsdY9z02Mn2FlGOF0WumnmiaYjPGQ9iyVWFDtZ7OHp+jEKiGKYmVHGjRTf29kWGg9EYFNCmxGetHLxX+9QCxcNtGVnzGZpIZKMj8cpRyZGOVtoJApSgyfWIKJYvZ3REZYYWJsZxVbirdYwTJpn9U9t+7dXdQa10U9ZTiCYzgFDy6hAbfQhBYQEPAML/DqPDlvzrvzMY+WnGLnEP7A+fwBz++WyQ==</latexit>

��2
<latexit sha1_base64="UIKGmBcJoAkdQcIF0kg+2lVYP8s=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyUpgi6LblxWsA9oQphMJu3QySTMTIQS+gP+glvduxO3/oVbv8Rpm4W2HrhwOOce7uWEGWdKO86XVdnY3Nreqe7W9vYPDuv20XFPpbkktEtSnspBiBXlTNCuZprTQSYpTkJO++Hkdu73H6lULBUPeppRP8EjwWJGsDZSYNe9iHKNPW4iEQ5agd1wms4CaJ24JWlAiU5gf3tRSvKECk04VmroOpn2Cyw1I5zOal6uaIbJBI/o0FCBE6r8YvH4DJ0bJUJxKs0IjRbq70SBE6WmSWg2E6zHatWbi/96YbJyWcfXfsFElmsqyPJwnHOkUzRvBUVMUqL51BBMJDO/IzLGEhNtuquZUtzVCtZJr9V0naZ7f9lo35T1VOEUzuACXLiCNtxBB7pAIIdneIFX68l6s96tj+VqxSozJ/AH1ucPCvWZmw==</latexit><latexit sha1_base64="UIKGmBcJoAkdQcIF0kg+2lVYP8s=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyUpgi6LblxWsA9oQphMJu3QySTMTIQS+gP+glvduxO3/oVbv8Rpm4W2HrhwOOce7uWEGWdKO86XVdnY3Nreqe7W9vYPDuv20XFPpbkktEtSnspBiBXlTNCuZprTQSYpTkJO++Hkdu73H6lULBUPeppRP8EjwWJGsDZSYNe9iHKNPW4iEQ5agd1wms4CaJ24JWlAiU5gf3tRSvKECk04VmroOpn2Cyw1I5zOal6uaIbJBI/o0FCBE6r8YvH4DJ0bJUJxKs0IjRbq70SBE6WmSWg2E6zHatWbi/96YbJyWcfXfsFElmsqyPJwnHOkUzRvBUVMUqL51BBMJDO/IzLGEhNtuquZUtzVCtZJr9V0naZ7f9lo35T1VOEUzuACXLiCNtxBB7pAIIdneIFX68l6s96tj+VqxSozJ/AH1ucPCvWZmw==</latexit><latexit sha1_base64="UIKGmBcJoAkdQcIF0kg+2lVYP8s=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyUpgi6LblxWsA9oQphMJu3QySTMTIQS+gP+glvduxO3/oVbv8Rpm4W2HrhwOOce7uWEGWdKO86XVdnY3Nreqe7W9vYPDuv20XFPpbkktEtSnspBiBXlTNCuZprTQSYpTkJO++Hkdu73H6lULBUPeppRP8EjwWJGsDZSYNe9iHKNPW4iEQ5agd1wms4CaJ24JWlAiU5gf3tRSvKECk04VmroOpn2Cyw1I5zOal6uaIbJBI/o0FCBE6r8YvH4DJ0bJUJxKs0IjRbq70SBE6WmSWg2E6zHatWbi/96YbJyWcfXfsFElmsqyPJwnHOkUzRvBUVMUqL51BBMJDO/IzLGEhNtuquZUtzVCtZJr9V0naZ7f9lo35T1VOEUzuACXLiCNtxBB7pAIIdneIFX68l6s96tj+VqxSozJ/AH1ucPCvWZmw==</latexit><latexit sha1_base64="UIKGmBcJoAkdQcIF0kg+2lVYP8s=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyUpgi6LblxWsA9oQphMJu3QySTMTIQS+gP+glvduxO3/oVbv8Rpm4W2HrhwOOce7uWEGWdKO86XVdnY3Nreqe7W9vYPDuv20XFPpbkktEtSnspBiBXlTNCuZprTQSYpTkJO++Hkdu73H6lULBUPeppRP8EjwWJGsDZSYNe9iHKNPW4iEQ5agd1wms4CaJ24JWlAiU5gf3tRSvKECk04VmroOpn2Cyw1I5zOal6uaIbJBI/o0FCBE6r8YvH4DJ0bJUJxKs0IjRbq70SBE6WmSWg2E6zHatWbi/96YbJyWcfXfsFElmsqyPJwnHOkUzRvBUVMUqL51BBMJDO/IzLGEhNtuquZUtzVCtZJr9V0naZ7f9lo35T1VOEUzuACXLiCNtxBB7pAIIdneIFX68l6s96tj+VqxSozJ/AH1ucPCvWZmw==</latexit>
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<latexit sha1_base64="UIKGmBcJoAkdQcIF0kg+2lVYP8s=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyUpgi6LblxWsA9oQphMJu3QySTMTIQS+gP+glvduxO3/oVbv8Rpm4W2HrhwOOce7uWEGWdKO86XVdnY3Nreqe7W9vYPDuv20XFPpbkktEtSnspBiBXlTNCuZprTQSYpTkJO++Hkdu73H6lULBUPeppRP8EjwWJGsDZSYNe9iHKNPW4iEQ5agd1wms4CaJ24JWlAiU5gf3tRSvKECk04VmroOpn2Cyw1I5zOal6uaIbJBI/o0FCBE6r8YvH4DJ0bJUJxKs0IjRbq70SBE6WmSWg2E6zHatWbi/96YbJyWcfXfsFElmsqyPJwnHOkUzRvBUVMUqL51BBMJDO/IzLGEhNtuquZUtzVCtZJr9V0naZ7f9lo35T1VOEUzuACXLiCNtxBB7pAIIdneIFX68l6s96tj+VqxSozJ/AH1ucPCvWZmw==</latexit><latexit sha1_base64="UIKGmBcJoAkdQcIF0kg+2lVYP8s=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyUpgi6LblxWsA9oQphMJu3QySTMTIQS+gP+glvduxO3/oVbv8Rpm4W2HrhwOOce7uWEGWdKO86XVdnY3Nreqe7W9vYPDuv20XFPpbkktEtSnspBiBXlTNCuZprTQSYpTkJO++Hkdu73H6lULBUPeppRP8EjwWJGsDZSYNe9iHKNPW4iEQ5agd1wms4CaJ24JWlAiU5gf3tRSvKECk04VmroOpn2Cyw1I5zOal6uaIbJBI/o0FCBE6r8YvH4DJ0bJUJxKs0IjRbq70SBE6WmSWg2E6zHatWbi/96YbJyWcfXfsFElmsqyPJwnHOkUzRvBUVMUqL51BBMJDO/IzLGEhNtuquZUtzVCtZJr9V0naZ7f9lo35T1VOEUzuACXLiCNtxBB7pAIIdneIFX68l6s96tj+VqxSozJ/AH1ucPCvWZmw==</latexit><latexit sha1_base64="UIKGmBcJoAkdQcIF0kg+2lVYP8s=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyUpgi6LblxWsA9oQphMJu3QySTMTIQS+gP+glvduxO3/oVbv8Rpm4W2HrhwOOce7uWEGWdKO86XVdnY3Nreqe7W9vYPDuv20XFPpbkktEtSnspBiBXlTNCuZprTQSYpTkJO++Hkdu73H6lULBUPeppRP8EjwWJGsDZSYNe9iHKNPW4iEQ5agd1wms4CaJ24JWlAiU5gf3tRSvKECk04VmroOpn2Cyw1I5zOal6uaIbJBI/o0FCBE6r8YvH4DJ0bJUJxKs0IjRbq70SBE6WmSWg2E6zHatWbi/96YbJyWcfXfsFElmsqyPJwnHOkUzRvBUVMUqL51BBMJDO/IzLGEhNtuquZUtzVCtZJr9V0naZ7f9lo35T1VOEUzuACXLiCNtxBB7pAIIdneIFX68l6s96tj+VqxSozJ/AH1ucPCvWZmw==</latexit><latexit sha1_base64="UIKGmBcJoAkdQcIF0kg+2lVYP8s=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gEVyUpgi6LblxWsA9oQphMJu3QySTMTIQS+gP+glvduxO3/oVbv8Rpm4W2HrhwOOce7uWEGWdKO86XVdnY3Nreqe7W9vYPDuv20XFPpbkktEtSnspBiBXlTNCuZprTQSYpTkJO++Hkdu73H6lULBUPeppRP8EjwWJGsDZSYNe9iHKNPW4iEQ5agd1wms4CaJ24JWlAiU5gf3tRSvKECk04VmroOpn2Cyw1I5zOal6uaIbJBI/o0FCBE6r8YvH4DJ0bJUJxKs0IjRbq70SBE6WmSWg2E6zHatWbi/96YbJyWcfXfsFElmsqyPJwnHOkUzRvBUVMUqL51BBMJDO/IzLGEhNtuquZUtzVCtZJr9V0naZ7f9lo35T1VOEUzuACXLiCNtxBB7pAIIdneIFX68l6s96tj+VqxSozJ/AH1ucPCvWZmw==</latexit>

�3
<latexit sha1_base64="zuujqFEekK6VG8XT7kZSUGpbz88=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GwCrsqaBm0sYxgHpIsYXZ2NhkyM7vMzAphSeMv2GpvJ7b+ia1f4myyhSYeuHA451zu5QQJZ9q47pdTWlldW98ob1a2tnd296r7B20dp4rQFol5rLoB1pQzSVuGGU67iaJYBJx2gvFN7nceqdIslvdmklBf4KFkESPYWOmhz200xIPzQbXm1t0Z0DLxClKDAs1B9bsfxiQVVBrCsdY9z02Mn2FlGOF0WumnmiaYjPGQ9iyVWFDtZ7OHp+jEKiGKYmVHGjRTf29kWGg9EYFNCmxGetHLxX+9QCxcNtGVnzGZpIZKMj8cpRyZGOVtoJApSgyfWIKJYvZ3REZYYWJsZxVbirdYwTJpn9U9t+7dXdQa10U9ZTiCYzgFDy6hAbfQhBYQEPAML/DqPDlvzrvzMY+WnGLnEP7A+fwBz++WyQ==</latexit><latexit sha1_base64="zuujqFEekK6VG8XT7kZSUGpbz88=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GwCrsqaBm0sYxgHpIsYXZ2NhkyM7vMzAphSeMv2GpvJ7b+ia1f4myyhSYeuHA451zu5QQJZ9q47pdTWlldW98ob1a2tnd296r7B20dp4rQFol5rLoB1pQzSVuGGU67iaJYBJx2gvFN7nceqdIslvdmklBf4KFkESPYWOmhz200xIPzQbXm1t0Z0DLxClKDAs1B9bsfxiQVVBrCsdY9z02Mn2FlGOF0WumnmiaYjPGQ9iyVWFDtZ7OHp+jEKiGKYmVHGjRTf29kWGg9EYFNCmxGetHLxX+9QCxcNtGVnzGZpIZKMj8cpRyZGOVtoJApSgyfWIKJYvZ3REZYYWJsZxVbirdYwTJpn9U9t+7dXdQa10U9ZTiCYzgFDy6hAbfQhBYQEPAML/DqPDlvzrvzMY+WnGLnEP7A+fwBz++WyQ==</latexit><latexit sha1_base64="zuujqFEekK6VG8XT7kZSUGpbz88=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GwCrsqaBm0sYxgHpIsYXZ2NhkyM7vMzAphSeMv2GpvJ7b+ia1f4myyhSYeuHA451zu5QQJZ9q47pdTWlldW98ob1a2tnd296r7B20dp4rQFol5rLoB1pQzSVuGGU67iaJYBJx2gvFN7nceqdIslvdmklBf4KFkESPYWOmhz200xIPzQbXm1t0Z0DLxClKDAs1B9bsfxiQVVBrCsdY9z02Mn2FlGOF0WumnmiaYjPGQ9iyVWFDtZ7OHp+jEKiGKYmVHGjRTf29kWGg9EYFNCmxGetHLxX+9QCxcNtGVnzGZpIZKMj8cpRyZGOVtoJApSgyfWIKJYvZ3REZYYWJsZxVbirdYwTJpn9U9t+7dXdQa10U9ZTiCYzgFDy6hAbfQhBYQEPAML/DqPDlvzrvzMY+WnGLnEP7A+fwBz++WyQ==</latexit><latexit sha1_base64="zuujqFEekK6VG8XT7kZSUGpbz88=">AAACAHicbVC7SgNBFL0bXzG+opY2g0GwCrsqaBm0sYxgHpIsYXZ2NhkyM7vMzAphSeMv2GpvJ7b+ia1f4myyhSYeuHA451zu5QQJZ9q47pdTWlldW98ob1a2tnd296r7B20dp4rQFol5rLoB1pQzSVuGGU67iaJYBJx2gvFN7nceqdIslvdmklBf4KFkESPYWOmhz200xIPzQbXm1t0Z0DLxClKDAs1B9bsfxiQVVBrCsdY9z02Mn2FlGOF0WumnmiaYjPGQ9iyVWFDtZ7OHp+jEKiGKYmVHGjRTf29kWGg9EYFNCmxGetHLxX+9QCxcNtGVnzGZpIZKMj8cpRyZGOVtoJApSgyfWIKJYvZ3REZYYWJsZxVbirdYwTJpn9U9t+7dXdQa10U9ZTiCYzgFDy6hAbfQhBYQEPAML/DqPDlvzrvzMY+WnGLnEP7A+fwBz++WyQ==</latexit>
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links known from AdS/CFT: 
Sezgin, Sundell, hep-th/0305040 
Maldacena, Zhiboedov, 1204.3882 

and Chern-Simons-Matter: 
Aharohny, Giombi, Gur-Ari, Maldacena, Yacoby, 1211.4843 
Seiberg, Senthil, Wang, Witten, 1606.01989
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<latexit sha1_base64="iIzALUtd8p5Uhgst3OQvW/hAQJk=">AAACL3icbVDLSgMxFE3qq9ZXq0s3wSK4KjNa1GXBjcsq9iHtUDKZTCc0yQxJRhiGfoVb/Qi/RtyIW//CtJ2FrR4IHM65l3ty/IQzbRznA5bW1jc2t8rblZ3dvf2Dau2wq+NUEdohMY9V38eaciZpxzDDaT9RFAuf054/uZn5vSeqNIvlg8kS6gk8lixkBBsrPQ65HQ3w6GJUrTsNZw70l7gFqYMC7VENVodBTFJBpSEcaz1wncR4OVaGEU6nlWGqaYLJBI/pwFKJBdVePk88RadWCVAYK/ukQXP190aOhdaZ8O2kwCbSq95M/NfTNkpEg6XzeRJlmhG9LAZ6dnolpwmvvZzJJDVUkkXMMOXIxGhWHgqYosTwzBJMFLM/RSTCChNjK67YDt3Vxv6S7nnDvWw075r11n3RZhkcgxNwBlxwBVrgFrRBBxAgwDN4Aa/wDb7DT/i1GC3BYucILAF+/wD0pamR</latexit>

�3

<latexit sha1_base64="spRGucVystIL7t6ht0nFvEUK7Ew=">AAACJ3icbVDLSgMxFE3qq9ZXq0s3wSK4KjNS1GXBjctW7APaoWQyt53QzIMkIwxDv8CtfoRf40506Z+YaWdhWw8EDufcyz05biy40pb1jUtb2zu7e+X9ysHh0fFJtXbaU1EiGXRZJCI5cKkCwUPoaq4FDGIJNHAF9N3Zfe73n0EqHoVPOo3BCeg05BPOqDZSxx9X61bDWoBsErsgdVSgPa7h6siLWBJAqJmgSg1tK9ZORqXmTMC8MkoUxJTN6BSGhoY0AOVki6RzcmkUj0wiaV6oyUL9u5HRQKk0cM1kQLWv1r1c/NdTJooP3sr5LPZTxZlaFT2Vn17LqSd3TsbDONEQsmXMSSKIjkheGvG4BKZFaghlkpufEuZTSZk21VZMh/Z6Y5ukd92wbxrNTrPeeizaLKNzdIGukI1uUQs9oDbqIoYAvaBX9Ibf8Qf+xF/L0RIuds7QCvDPL5/2plo=</latexit>

h

<latexit sha1_base64="N1Pm1jBVWAceQU24A3sy+qw2wGE=">AAACLXicbVDLSsNAFJ3UV62vVpduBovgqiRS1GXBje6q2Ae0oUwmN+3QySTMTIQQ+hFu9SP8GheCuPU3nLRZ2NYDA4dz7uWeOV7MmdK2/WmVNja3tnfKu5W9/YPDo2rtuKuiRFLo0IhHsu8RBZwJ6GimOfRjCST0OPS86W3u955BKhaJJ53G4IZkLFjAKNFG6mVDL8D3s1G1bjfsOfA6cQpSRwXao5pVHfoRTUIQmnKi1MCxY+1mRGpGOcwqw0RBTOiUjGFgqCAhKDeb553hc6P4OIikeULjufp3IyOhUmnomcmQ6Ila9XLxX0+ZKBPwl85n8SRVjKpl0Vf56ZWcOrhxMybiRIOgi5hBwrGOcF4d9pkEqnlqCKGSmZ9iOiGSUG0KrpgOndXG1kn3suFcNZoPzXrrsWizjE7RGbpADrpGLXSH2qiDKJqiF/SK3qx368P6sr4XoyWr2DlBS7B+fgFAOaiz</latexit>

I

<latexit sha1_base64="AUVEFrbma3Fv/kmqaM3dwnaYwTk=">AAACLnicbVDLSsNAFJ3UV62vVpduBovgqiQi6rLgxu6q2Ae0oUwmN+3QySTMTIQQ+hNu9SP8GsGFuPUznLRZ2NYDA4dz7uWeOV7MmdK2/WmVNja3tnfKu5W9/YPDo2rtuKuiRFLo0IhHsu8RBZwJ6GimOfRjCST0OPS86V3u955BKhaJJ53G4IZkLFjAKNFG6mdDL8Ct1mxUrdsNew68TpyC1FGB9qhmVYd+RJMQhKacKDVw7Fi7GZGaUQ6zyjBREBM6JWMYGCpICMrN5oFn+NwoPg4iaZ7QeK7+3chIqFQaemYyJHqiVr1c/NdTJsoE/KXzWTxJFaNqWfRVfnolpw5u3YyJONEg6CJmkHCsI5x3h30mgWqeGkKoZOanmE6IJFSbhiumQ2e1sXXSvWw4142rh6t687Fos4xO0Rm6QA66QU10j9qogyji6AW9ojfr3fqwvqzvxWjJKnZO0BKsn1/oVKkG</latexit>

II
<latexit sha1_base64="gBHo84sdIX7MlAvNvAVwvvFKm0o=">AAACL3icbVDLSgMxFE3qq9ZXq0s3wSK4KjNS1GXBjd1VsQ9ph5LJZDqhmcyQZIRh6Fe41Y/wa8SNuPUvzLSzsK0HAodz7uWeHDfmTGnL+oSljc2t7Z3ybmVv/+DwqFo77qkokYR2ScQjOXCxopwJ2tVMczqIJcWhy2nfnd7mfv+ZSsUi8ajTmDohngjmM4K1kZ6ykeujdrs9G1frVsOaA60TuyB1UKAzrsHqyItIElKhCcdKDW0r1k6GpWaE01lllCgaYzLFEzo0VOCQKiebJ56hc6N4yI+keUKjufp3I8OhUmnomskQ60Ctern4r6dMlIB6S+ezOEgVI2pZ9FR+eiWn9m+cjIk40VSQRUw/4UhHKC8PeUxSonlqCCaSmZ8iEmCJiTYVV0yH9mpj66R32bCvGs37Zr31ULRZBqfgDFwAG1yDFrgDHdAFBITgBbyCN/gOP+AX/F6MlmCxcwKWAH9+AZDJqVk=</latexit>

III

<latexit sha1_base64="87KKrNqGu0Duk7SW0e7S5Fb+zko=">AAACMHicbVDLSsNAFJ3UV62vVpduBovgqiRS1GXBjcsq9oFtKJPJTTt0MgkzEyGE/oVb/Qi/Rlfi1q9w0mZhWw8MHM65l3vmeDFnStv2p1Xa2Nza3invVvb2Dw6PqrXjrooSSaFDIx7JvkcUcCago5nm0I8lkNDj0POmt7nfewapWCQedRqDG5KxYAGjRBvpKRt6AQ4kwGxUrdsNew68TpyC1FGB9qhmVYd+RJMQhKacKDVw7Fi7GZGaUQ6zyjBREBM6JWMYGCpICMrN5pFn+NwoPg4iaZ7QeK7+3chIqFQaemYyJHqiVr1c/NdTJsoE/KXzWTxJFaNqWfRVfnolpw5u3IyJONEg6CJmkHCsI5y3h30mgWqeGkKoZOanmE6IJFSbjiumQ2e1sXXSvWw4V43mfbPeeijaLKNTdIYukIOuUQvdoTbqIIoEekGv6M16tz6sL+t7MVqyip0TtATr5xcY1aoq</latexit>

free

<latexit sha1_base64="9JSeZmjTBZHImfSgylRLRoqoRbc=">AAACSHicbVDLSsNAFJ3UV62vVJduBovgQkoiRV0W3OiuilXBlDKZ3NjByYOZG7GEbv0at/oR/oF/4U7cOYlZ2OqBgcO5rzPHT6XQ6DjvVm1ufmFxqb7cWFldW9+wm5tXOskUhz5PZKJufKZBihj6KFDCTaqARb6Ea//+pKhfP4DSIokvcZzCIGJ3sQgFZ2ikoU09hEcs9+S+zGCSe35Izy6ot0+LnZOh3XLaTgn6l7gVaZEKvWHTsr0g4VkEMXLJtL51nRQHOVMouIRJw8s0pIzfszu4NTRmEehBXlqY0F2jBDRMlHkx0lL9PZGzSOtx5JvOiOFIz9YK8d+aNlZGEEydz9PRWAuup8VAF6dnfGJ4PMhFnGYIMf+xGWaSYkKLVGkgFHCUY0MYV8L8lPIRU4yjyb5hMnRnE/tLrg7a7mG7c95pdS+qNOtkm+yQPeKSI9Ilp6RH+oSTJ/JMXsir9WZ9WJ/W109rzapmtsgUarVvHZaygQ==</latexit> IR
li
n
e

<latexit sha1_base64="OL/B5cWlS7uHH9N1VoBMfw4wC/w=">AAACMnicbVDLSgMxFE3qq9ZXq0s3wSK4KjMi6rLgxmUV+4DOUDKZTCc0kwlJRhiG/oZb/Qh/Rnfi1o8w03ZhWw8EDufcyz05geRMG8f5gJWNza3tnepubW//4PCo3jju6TRThHZJylM1CLCmnAnaNcxwOpCK4iTgtB9M7kq//0yVZql4MrmkfoLHgkWMYGMlr/CCCJGYKcyno3rTaTkzoHXiLkgTLNAZNWDdC1OSJVQYwrHWQ9eRxi+wMoxwOq15maYSkwke06GlAidU+8Us9BSdWyVEUarsEwbN1L8bBU60zpPATibYxHrVK8V/PW2jxDRcOl/IONeM6GUx1OXplZwmuvULJmRmqCDzmFHGkUlR2R8KmaLE8NwSTBSzP7X9YYWJsS3XbIfuamPrpHfZcq9bVw9Xzfbjos0qOAVn4AK44Aa0wT3ogC4gQIIX8Are4Dv8hF/wez5agYudE7AE+PML22arDw==</latexit>

chiral

<latexit sha1_base64="Qdwuz4DfoPOEyvZq1aGHlE5Nr7E=">AAACLnicbVDLSgMxFE3qq9ZXq0s3wSK4KjMi6rLgxmUVpy20Q8lk7nRCMw+SjDAM/Qm3+hF+jeBC3PoZZtoubOuBwOGce7knx0sFV9qyPnFlY3Nre6e6W9vbPzg8qjeOuyrJJAOHJSKRfY8qEDwGR3MtoJ9KoJEnoOdN7kq/9wxS8SR+0nkKbkTHMQ84o9pI/WLoBcTpTkf1ptWyZiDrxF6QJlqgM2rg+tBPWBZBrJmgSg1sK9VuQaXmTMC0NswUpJRN6BgGhsY0AuUWs8BTcm4UnwSJNC/WZKb+3ShopFQeeWYyojpUq14p/uspEyUEf+l8kYa54kwti74qT6/k1MGtW/A4zTTEbB4zyATRCSm7Iz6XwLTIDaFMcvNTwkIqKdOm4Zrp0F5tbJ10L1v2devq4arZfly0WUWn6AxdIBvdoDa6Rx3kIIYEekGv6A2/4w/8hb/noxW82DlBS8A/vxSTqR8=</latexit>

UV

<latexit sha1_base64="ERE3A1EIXGtCx+IESu5ZvOe5un0="></latexit>

I massless

II unstable

III e↵ective

CCH, Litim, in prep.



Gross-Neveu-Yukawa

0.0 0.2 0.4 0.6 0.8

-2

-1

0

1

2

h

�3
<latexit sha1_base64="iIzALUtd8p5Uhgst3OQvW/hAQJk=">AAACL3icbVDLSgMxFE3qq9ZXq0s3wSK4KjNa1GXBjcsq9iHtUDKZTCc0yQxJRhiGfoVb/Qi/RtyIW//CtJ2FrR4IHM65l3ty/IQzbRznA5bW1jc2t8rblZ3dvf2Dau2wq+NUEdohMY9V38eaciZpxzDDaT9RFAuf054/uZn5vSeqNIvlg8kS6gk8lixkBBsrPQ65HQ3w6GJUrTsNZw70l7gFqYMC7VENVodBTFJBpSEcaz1wncR4OVaGEU6nlWGqaYLJBI/pwFKJBdVePk88RadWCVAYK/ukQXP190aOhdaZ8O2kwCbSq95M/NfTNkpEg6XzeRJlmhG9LAZ6dnolpwmvvZzJJDVUkkXMMOXIxGhWHgqYosTwzBJMFLM/RSTCChNjK67YDt3Vxv6S7nnDvWw075r11n3RZhkcgxNwBlxwBVrgFrRBBxAgwDN4Aa/wDb7DT/i1GC3BYucILAF+/wD0pamR</latexit>

�3

<latexit sha1_base64="spRGucVystIL7t6ht0nFvEUK7Ew=">AAACJ3icbVDLSgMxFE3qq9ZXq0s3wSK4KjNS1GXBjctW7APaoWQyt53QzIMkIwxDv8CtfoRf40506Z+YaWdhWw8EDufcyz05biy40pb1jUtb2zu7e+X9ysHh0fFJtXbaU1EiGXRZJCI5cKkCwUPoaq4FDGIJNHAF9N3Zfe73n0EqHoVPOo3BCeg05BPOqDZSxx9X61bDWoBsErsgdVSgPa7h6siLWBJAqJmgSg1tK9ZORqXmTMC8MkoUxJTN6BSGhoY0AOVki6RzcmkUj0wiaV6oyUL9u5HRQKk0cM1kQLWv1r1c/NdTJooP3sr5LPZTxZlaFT2Vn17LqSd3TsbDONEQsmXMSSKIjkheGvG4BKZFaghlkpufEuZTSZk21VZMh/Z6Y5ukd92wbxrNTrPeeizaLKNzdIGukI1uUQs9oDbqIoYAvaBX9Ibf8Qf+xF/L0RIuds7QCvDPL5/2plo=</latexit>

h

<latexit sha1_base64="N1Pm1jBVWAceQU24A3sy+qw2wGE=">AAACLXicbVDLSsNAFJ3UV62vVpduBovgqiRS1GXBje6q2Ae0oUwmN+3QySTMTIQQ+hFu9SP8GheCuPU3nLRZ2NYDA4dz7uWeOV7MmdK2/WmVNja3tnfKu5W9/YPDo2rtuKuiRFLo0IhHsu8RBZwJ6GimOfRjCST0OPS86W3u955BKhaJJ53G4IZkLFjAKNFG6mVDL8D3s1G1bjfsOfA6cQpSRwXao5pVHfoRTUIQmnKi1MCxY+1mRGpGOcwqw0RBTOiUjGFgqCAhKDeb553hc6P4OIikeULjufp3IyOhUmnomcmQ6Ila9XLxX0+ZKBPwl85n8SRVjKpl0Vf56ZWcOrhxMybiRIOgi5hBwrGOcF4d9pkEqnlqCKGSmZ9iOiGSUG0KrpgOndXG1kn3suFcNZoPzXrrsWizjE7RGbpADrpGLXSH2qiDKJqiF/SK3qx368P6sr4XoyWr2DlBS7B+fgFAOaiz</latexit>

I

<latexit sha1_base64="AUVEFrbma3Fv/kmqaM3dwnaYwTk=">AAACLnicbVDLSsNAFJ3UV62vVpduBovgqiQi6rLgxu6q2Ae0oUwmN+3QySTMTIQQ+hNu9SP8GsGFuPUznLRZ2NYDA4dz7uWeOV7MmdK2/WmVNja3tnfKu5W9/YPDo2rtuKuiRFLo0IhHsu8RBZwJ6GimOfRjCST0OPS86V3u955BKhaJJ53G4IZkLFjAKNFG6mdDL8Ct1mxUrdsNew68TpyC1FGB9qhmVYd+RJMQhKacKDVw7Fi7GZGaUQ6zyjBREBM6JWMYGCpICMrN5oFn+NwoPg4iaZ7QeK7+3chIqFQaemYyJHqiVr1c/NdTJsoE/KXzWTxJFaNqWfRVfnolpw5u3YyJONEg6CJmkHCsI5x3h30mgWqeGkKoZOanmE6IJFSbhiumQ2e1sXXSvWw4142rh6t687Fos4xO0Rm6QA66QU10j9qogyji6AW9ojfr3fqwvqzvxWjJKnZO0BKsn1/oVKkG</latexit>

II
<latexit sha1_base64="gBHo84sdIX7MlAvNvAVwvvFKm0o=">AAACL3icbVDLSgMxFE3qq9ZXq0s3wSK4KjNS1GXBjd1VsQ9ph5LJZDqhmcyQZIRh6Fe41Y/wa8SNuPUvzLSzsK0HAodz7uWeHDfmTGnL+oSljc2t7Z3ybmVv/+DwqFo77qkokYR2ScQjOXCxopwJ2tVMczqIJcWhy2nfnd7mfv+ZSsUi8ajTmDohngjmM4K1kZ6ykeujdrs9G1frVsOaA60TuyB1UKAzrsHqyItIElKhCcdKDW0r1k6GpWaE01lllCgaYzLFEzo0VOCQKiebJ56hc6N4yI+keUKjufp3I8OhUmnomskQ60Ctern4r6dMlIB6S+ezOEgVI2pZ9FR+eiWn9m+cjIk40VSQRUw/4UhHKC8PeUxSonlqCCaSmZ8iEmCJiTYVV0yH9mpj66R32bCvGs37Zr31ULRZBqfgDFwAG1yDFrgDHdAFBITgBbyCN/gOP+AX/F6MlmCxcwKWAH9+AZDJqVk=</latexit>

III

<latexit sha1_base64="87KKrNqGu0Duk7SW0e7S5Fb+zko=">AAACMHicbVDLSsNAFJ3UV62vVpduBovgqiRS1GXBjcsq9oFtKJPJTTt0MgkzEyGE/oVb/Qi/Rlfi1q9w0mZhWw8MHM65l3vmeDFnStv2p1Xa2Nza3invVvb2Dw6PqrXjrooSSaFDIx7JvkcUcCago5nm0I8lkNDj0POmt7nfewapWCQedRqDG5KxYAGjRBvpKRt6AQ4kwGxUrdsNew68TpyC1FGB9qhmVYd+RJMQhKacKDVw7Fi7GZGaUQ6zyjBREBM6JWMYGCpICMrN5pFn+NwoPg4iaZ7QeK7+3chIqFQaemYyJHqiVr1c/NdTJsoE/KXzWTxJFaNqWfRVfnolpw5u3IyJONEg6CJmkHCsI5y3h30mgWqeGkKoZOanmE6IJFSbjiumQ2e1sXXSvWw4V43mfbPeeijaLKNTdIYukIOuUQvdoTbqIIoEekGv6M16tz6sL+t7MVqyip0TtATr5xcY1aoq</latexit>

free

<latexit sha1_base64="9JSeZmjTBZHImfSgylRLRoqoRbc=">AAACSHicbVDLSsNAFJ3UV62vVJduBovgQkoiRV0W3OiuilXBlDKZ3NjByYOZG7GEbv0at/oR/oF/4U7cOYlZ2OqBgcO5rzPHT6XQ6DjvVm1ufmFxqb7cWFldW9+wm5tXOskUhz5PZKJufKZBihj6KFDCTaqARb6Ea//+pKhfP4DSIokvcZzCIGJ3sQgFZ2ikoU09hEcs9+S+zGCSe35Izy6ot0+LnZOh3XLaTgn6l7gVaZEKvWHTsr0g4VkEMXLJtL51nRQHOVMouIRJw8s0pIzfszu4NTRmEehBXlqY0F2jBDRMlHkx0lL9PZGzSOtx5JvOiOFIz9YK8d+aNlZGEEydz9PRWAuup8VAF6dnfGJ4PMhFnGYIMf+xGWaSYkKLVGkgFHCUY0MYV8L8lPIRU4yjyb5hMnRnE/tLrg7a7mG7c95pdS+qNOtkm+yQPeKSI9Ilp6RH+oSTJ/JMXsir9WZ9WJ/W109rzapmtsgUarVvHZaygQ==</latexit> IR
li
n
e

<latexit sha1_base64="OL/B5cWlS7uHH9N1VoBMfw4wC/w=">AAACMnicbVDLSgMxFE3qq9ZXq0s3wSK4KjMi6rLgxmUV+4DOUDKZTCc0kwlJRhiG/oZb/Qh/Rnfi1o8w03ZhWw8EDufcyz05geRMG8f5gJWNza3tnepubW//4PCo3jju6TRThHZJylM1CLCmnAnaNcxwOpCK4iTgtB9M7kq//0yVZql4MrmkfoLHgkWMYGMlr/CCCJGYKcyno3rTaTkzoHXiLkgTLNAZNWDdC1OSJVQYwrHWQ9eRxi+wMoxwOq15maYSkwke06GlAidU+8Us9BSdWyVEUarsEwbN1L8bBU60zpPATibYxHrVK8V/PW2jxDRcOl/IONeM6GUx1OXplZwmuvULJmRmqCDzmFHGkUlR2R8KmaLE8NwSTBSzP7X9YYWJsS3XbIfuamPrpHfZcq9bVw9Xzfbjos0qOAVn4AK44Aa0wT3ogC4gQIIX8Are4Dv8hF/wez5agYudE7AE+PML22arDw==</latexit>

chiral

<latexit sha1_base64="Qdwuz4DfoPOEyvZq1aGHlE5Nr7E=">AAACLnicbVDLSgMxFE3qq9ZXq0s3wSK4KjMi6rLgxmUVpy20Q8lk7nRCMw+SjDAM/Qm3+hF+jeBC3PoZZtoubOuBwOGce7knx0sFV9qyPnFlY3Nre6e6W9vbPzg8qjeOuyrJJAOHJSKRfY8qEDwGR3MtoJ9KoJEnoOdN7kq/9wxS8SR+0nkKbkTHMQ84o9pI/WLoBcTpTkf1ptWyZiDrxF6QJlqgM2rg+tBPWBZBrJmgSg1sK9VuQaXmTMC0NswUpJRN6BgGhsY0AuUWs8BTcm4UnwSJNC/WZKb+3ShopFQeeWYyojpUq14p/uspEyUEf+l8kYa54kwti74qT6/k1MGtW/A4zTTEbB4zyATRCSm7Iz6XwLTIDaFMcvNTwkIqKdOm4Zrp0F5tbJ10L1v2devq4arZfly0WUWn6AxdIBvdoDa6Rx3kIIYEekGv6A2/4w/8hb/noxW82DlBS8A/vxSTqR8=</latexit>

UV

<latexit sha1_base64="ERE3A1EIXGtCx+IESu5ZvOe5un0="></latexit>

I massless

II unstable

III e↵ective

Asymptotically free: flows to GN CFT in IR

CCH, Litim, in prep.
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<latexit sha1_base64="iIzALUtd8p5Uhgst3OQvW/hAQJk=">AAACL3icbVDLSgMxFE3qq9ZXq0s3wSK4KjNa1GXBjcsq9iHtUDKZTCc0yQxJRhiGfoVb/Qi/RtyIW//CtJ2FrR4IHM65l3ty/IQzbRznA5bW1jc2t8rblZ3dvf2Dau2wq+NUEdohMY9V38eaciZpxzDDaT9RFAuf054/uZn5vSeqNIvlg8kS6gk8lixkBBsrPQ65HQ3w6GJUrTsNZw70l7gFqYMC7VENVodBTFJBpSEcaz1wncR4OVaGEU6nlWGqaYLJBI/pwFKJBdVePk88RadWCVAYK/ukQXP190aOhdaZ8O2kwCbSq95M/NfTNkpEg6XzeRJlmhG9LAZ6dnolpwmvvZzJJDVUkkXMMOXIxGhWHgqYosTwzBJMFLM/RSTCChNjK67YDt3Vxv6S7nnDvWw075r11n3RZhkcgxNwBlxwBVrgFrRBBxAgwDN4Aa/wDb7DT/i1GC3BYucILAF+/wD0pamR</latexit>

�3

<latexit sha1_base64="spRGucVystIL7t6ht0nFvEUK7Ew=">AAACJ3icbVDLSgMxFE3qq9ZXq0s3wSK4KjNS1GXBjctW7APaoWQyt53QzIMkIwxDv8CtfoRf40506Z+YaWdhWw8EDufcyz05biy40pb1jUtb2zu7e+X9ysHh0fFJtXbaU1EiGXRZJCI5cKkCwUPoaq4FDGIJNHAF9N3Zfe73n0EqHoVPOo3BCeg05BPOqDZSxx9X61bDWoBsErsgdVSgPa7h6siLWBJAqJmgSg1tK9ZORqXmTMC8MkoUxJTN6BSGhoY0AOVki6RzcmkUj0wiaV6oyUL9u5HRQKk0cM1kQLWv1r1c/NdTJooP3sr5LPZTxZlaFT2Vn17LqSd3TsbDONEQsmXMSSKIjkheGvG4BKZFaghlkpufEuZTSZk21VZMh/Z6Y5ukd92wbxrNTrPeeizaLKNzdIGukI1uUQs9oDbqIoYAvaBX9Ibf8Qf+xF/L0RIuds7QCvDPL5/2plo=</latexit>

h

<latexit sha1_base64="N1Pm1jBVWAceQU24A3sy+qw2wGE=">AAACLXicbVDLSsNAFJ3UV62vVpduBovgqiRS1GXBje6q2Ae0oUwmN+3QySTMTIQQ+hFu9SP8GheCuPU3nLRZ2NYDA4dz7uWeOV7MmdK2/WmVNja3tnfKu5W9/YPDo2rtuKuiRFLo0IhHsu8RBZwJ6GimOfRjCST0OPS86W3u955BKhaJJ53G4IZkLFjAKNFG6mVDL8D3s1G1bjfsOfA6cQpSRwXao5pVHfoRTUIQmnKi1MCxY+1mRGpGOcwqw0RBTOiUjGFgqCAhKDeb553hc6P4OIikeULjufp3IyOhUmnomcmQ6Ila9XLxX0+ZKBPwl85n8SRVjKpl0Vf56ZWcOrhxMybiRIOgi5hBwrGOcF4d9pkEqnlqCKGSmZ9iOiGSUG0KrpgOndXG1kn3suFcNZoPzXrrsWizjE7RGbpADrpGLXSH2qiDKJqiF/SK3qx368P6sr4XoyWr2DlBS7B+fgFAOaiz</latexit>

I

<latexit sha1_base64="AUVEFrbma3Fv/kmqaM3dwnaYwTk=">AAACLnicbVDLSsNAFJ3UV62vVpduBovgqiQi6rLgxu6q2Ae0oUwmN+3QySTMTIQQ+hNu9SP8GsGFuPUznLRZ2NYDA4dz7uWeOV7MmdK2/WmVNja3tnfKu5W9/YPDo2rtuKuiRFLo0IhHsu8RBZwJ6GimOfRjCST0OPS86V3u955BKhaJJ53G4IZkLFjAKNFG6mdDL8Ct1mxUrdsNew68TpyC1FGB9qhmVYd+RJMQhKacKDVw7Fi7GZGaUQ6zyjBREBM6JWMYGCpICMrN5oFn+NwoPg4iaZ7QeK7+3chIqFQaemYyJHqiVr1c/NdTJsoE/KXzWTxJFaNqWfRVfnolpw5u3YyJONEg6CJmkHCsI5x3h30mgWqeGkKoZOanmE6IJFSbhiumQ2e1sXXSvWw4142rh6t687Fos4xO0Rm6QA66QU10j9qogyji6AW9ojfr3fqwvqzvxWjJKnZO0BKsn1/oVKkG</latexit>

II
<latexit sha1_base64="gBHo84sdIX7MlAvNvAVwvvFKm0o=">AAACL3icbVDLSgMxFE3qq9ZXq0s3wSK4KjNS1GXBjd1VsQ9ph5LJZDqhmcyQZIRh6Fe41Y/wa8SNuPUvzLSzsK0HAodz7uWeHDfmTGnL+oSljc2t7Z3ybmVv/+DwqFo77qkokYR2ScQjOXCxopwJ2tVMczqIJcWhy2nfnd7mfv+ZSsUi8ajTmDohngjmM4K1kZ6ykeujdrs9G1frVsOaA60TuyB1UKAzrsHqyItIElKhCcdKDW0r1k6GpWaE01lllCgaYzLFEzo0VOCQKiebJ56hc6N4yI+keUKjufp3I8OhUmnomskQ60Ctern4r6dMlIB6S+ezOEgVI2pZ9FR+eiWn9m+cjIk40VSQRUw/4UhHKC8PeUxSonlqCCaSmZ8iEmCJiTYVV0yH9mpj66R32bCvGs37Zr31ULRZBqfgDFwAG1yDFrgDHdAFBITgBbyCN/gOP+AX/F6MlmCxcwKWAH9+AZDJqVk=</latexit>

III

<latexit sha1_base64="87KKrNqGu0Duk7SW0e7S5Fb+zko=">AAACMHicbVDLSsNAFJ3UV62vVpduBovgqiRS1GXBjcsq9oFtKJPJTTt0MgkzEyGE/oVb/Qi/Rlfi1q9w0mZhWw8MHM65l3vmeDFnStv2p1Xa2Nza3invVvb2Dw6PqrXjrooSSaFDIx7JvkcUcCago5nm0I8lkNDj0POmt7nfewapWCQedRqDG5KxYAGjRBvpKRt6AQ4kwGxUrdsNew68TpyC1FGB9qhmVYd+RJMQhKacKDVw7Fi7GZGaUQ6zyjBREBM6JWMYGCpICMrN5pFn+NwoPg4iaZ7QeK7+3chIqFQaemYyJHqiVr1c/NdTJsoE/KXzWTxJFaNqWfRVfnolpw5u3IyJONEg6CJmkHCsI5y3h30mgWqeGkKoZOanmE6IJFSbjiumQ2e1sXXSvWw4V43mfbPeeijaLKNTdIYukIOuUQvdoTbqIIoEekGv6M16tz6sL+t7MVqyip0TtATr5xcY1aoq</latexit>

free

<latexit sha1_base64="9JSeZmjTBZHImfSgylRLRoqoRbc=">AAACSHicbVDLSsNAFJ3UV62vVJduBovgQkoiRV0W3OiuilXBlDKZ3NjByYOZG7GEbv0at/oR/oF/4U7cOYlZ2OqBgcO5rzPHT6XQ6DjvVm1ufmFxqb7cWFldW9+wm5tXOskUhz5PZKJufKZBihj6KFDCTaqARb6Ea//+pKhfP4DSIokvcZzCIGJ3sQgFZ2ikoU09hEcs9+S+zGCSe35Izy6ot0+LnZOh3XLaTgn6l7gVaZEKvWHTsr0g4VkEMXLJtL51nRQHOVMouIRJw8s0pIzfszu4NTRmEehBXlqY0F2jBDRMlHkx0lL9PZGzSOtx5JvOiOFIz9YK8d+aNlZGEEydz9PRWAuup8VAF6dnfGJ4PMhFnGYIMf+xGWaSYkKLVGkgFHCUY0MYV8L8lPIRU4yjyb5hMnRnE/tLrg7a7mG7c95pdS+qNOtkm+yQPeKSI9Ilp6RH+oSTJ/JMXsir9WZ9WJ/W109rzapmtsgUarVvHZaygQ==</latexit> IR
li
n
e

<latexit sha1_base64="OL/B5cWlS7uHH9N1VoBMfw4wC/w=">AAACMnicbVDLSgMxFE3qq9ZXq0s3wSK4KjMi6rLgxmUV+4DOUDKZTCc0kwlJRhiG/oZb/Qh/Rnfi1o8w03ZhWw8EDufcyz05geRMG8f5gJWNza3tnepubW//4PCo3jju6TRThHZJylM1CLCmnAnaNcxwOpCK4iTgtB9M7kq//0yVZql4MrmkfoLHgkWMYGMlr/CCCJGYKcyno3rTaTkzoHXiLkgTLNAZNWDdC1OSJVQYwrHWQ9eRxi+wMoxwOq15maYSkwke06GlAidU+8Us9BSdWyVEUarsEwbN1L8bBU60zpPATibYxHrVK8V/PW2jxDRcOl/IONeM6GUx1OXplZwmuvULJmRmqCDzmFHGkUlR2R8KmaLE8NwSTBSzP7X9YYWJsS3XbIfuamPrpHfZcq9bVw9Xzfbjos0qOAVn4AK44Aa0wT3ogC4gQIIX8Are4Dv8hF/wez5agYudE7AE+PML22arDw==</latexit>

chiral

<latexit sha1_base64="Qdwuz4DfoPOEyvZq1aGHlE5Nr7E=">AAACLnicbVDLSgMxFE3qq9ZXq0s3wSK4KjMi6rLgxmUVpy20Q8lk7nRCMw+SjDAM/Qm3+hF+jeBC3PoZZtoubOuBwOGce7knx0sFV9qyPnFlY3Nre6e6W9vbPzg8qjeOuyrJJAOHJSKRfY8qEDwGR3MtoJ9KoJEnoOdN7kq/9wxS8SR+0nkKbkTHMQ84o9pI/WLoBcTpTkf1ptWyZiDrxF6QJlqgM2rg+tBPWBZBrJmgSg1sK9VuQaXmTMC0NswUpJRN6BgGhsY0AuUWs8BTcm4UnwSJNC/WZKb+3ShopFQeeWYyojpUq14p/uspEyUEf+l8kYa54kwti74qT6/k1MGtW/A4zTTEbB4zyATRCSm7Iz6XwLTIDaFMcvNTwkIqKdOm4Zrp0F5tbJ10L1v2devq4arZfly0WUWn6AxdIBvdoDa6Rx3kIIYEekGv6A2/4w/8hb/noxW82DlBS8A/vxSTqR8=</latexit>

UV

<latexit sha1_base64="ERE3A1EIXGtCx+IESu5ZvOe5un0="></latexit>

I massless

II unstable

III e↵ective

Asymptotically free: flows to GN CFT in IR

CCH, Litim, in prep.
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<latexit sha1_base64="iIzALUtd8p5Uhgst3OQvW/hAQJk=">AAACL3icbVDLSgMxFE3qq9ZXq0s3wSK4KjNa1GXBjcsq9iHtUDKZTCc0yQxJRhiGfoVb/Qi/RtyIW//CtJ2FrR4IHM65l3ty/IQzbRznA5bW1jc2t8rblZ3dvf2Dau2wq+NUEdohMY9V38eaciZpxzDDaT9RFAuf054/uZn5vSeqNIvlg8kS6gk8lixkBBsrPQ65HQ3w6GJUrTsNZw70l7gFqYMC7VENVodBTFJBpSEcaz1wncR4OVaGEU6nlWGqaYLJBI/pwFKJBdVePk88RadWCVAYK/ukQXP190aOhdaZ8O2kwCbSq95M/NfTNkpEg6XzeRJlmhG9LAZ6dnolpwmvvZzJJDVUkkXMMOXIxGhWHgqYosTwzBJMFLM/RSTCChNjK67YDt3Vxv6S7nnDvWw075r11n3RZhkcgxNwBlxwBVrgFrRBBxAgwDN4Aa/wDb7DT/i1GC3BYucILAF+/wD0pamR</latexit>

�3

<latexit sha1_base64="spRGucVystIL7t6ht0nFvEUK7Ew=">AAACJ3icbVDLSgMxFE3qq9ZXq0s3wSK4KjNS1GXBjctW7APaoWQyt53QzIMkIwxDv8CtfoRf40506Z+YaWdhWw8EDufcyz05biy40pb1jUtb2zu7e+X9ysHh0fFJtXbaU1EiGXRZJCI5cKkCwUPoaq4FDGIJNHAF9N3Zfe73n0EqHoVPOo3BCeg05BPOqDZSxx9X61bDWoBsErsgdVSgPa7h6siLWBJAqJmgSg1tK9ZORqXmTMC8MkoUxJTN6BSGhoY0AOVki6RzcmkUj0wiaV6oyUL9u5HRQKk0cM1kQLWv1r1c/NdTJooP3sr5LPZTxZlaFT2Vn17LqSd3TsbDONEQsmXMSSKIjkheGvG4BKZFaghlkpufEuZTSZk21VZMh/Z6Y5ukd92wbxrNTrPeeizaLKNzdIGukI1uUQs9oDbqIoYAvaBX9Ibf8Qf+xF/L0RIuds7QCvDPL5/2plo=</latexit>

h

<latexit sha1_base64="N1Pm1jBVWAceQU24A3sy+qw2wGE=">AAACLXicbVDLSsNAFJ3UV62vVpduBovgqiRS1GXBje6q2Ae0oUwmN+3QySTMTIQQ+hFu9SP8GheCuPU3nLRZ2NYDA4dz7uWeOV7MmdK2/WmVNja3tnfKu5W9/YPDo2rtuKuiRFLo0IhHsu8RBZwJ6GimOfRjCST0OPS86W3u955BKhaJJ53G4IZkLFjAKNFG6mVDL8D3s1G1bjfsOfA6cQpSRwXao5pVHfoRTUIQmnKi1MCxY+1mRGpGOcwqw0RBTOiUjGFgqCAhKDeb553hc6P4OIikeULjufp3IyOhUmnomcmQ6Ila9XLxX0+ZKBPwl85n8SRVjKpl0Vf56ZWcOrhxMybiRIOgi5hBwrGOcF4d9pkEqnlqCKGSmZ9iOiGSUG0KrpgOndXG1kn3suFcNZoPzXrrsWizjE7RGbpADrpGLXSH2qiDKJqiF/SK3qx368P6sr4XoyWr2DlBS7B+fgFAOaiz</latexit>

I

<latexit sha1_base64="AUVEFrbma3Fv/kmqaM3dwnaYwTk=">AAACLnicbVDLSsNAFJ3UV62vVpduBovgqiQi6rLgxu6q2Ae0oUwmN+3QySTMTIQQ+hNu9SP8GsGFuPUznLRZ2NYDA4dz7uWeOV7MmdK2/WmVNja3tnfKu5W9/YPDo2rtuKuiRFLo0IhHsu8RBZwJ6GimOfRjCST0OPS86V3u955BKhaJJ53G4IZkLFjAKNFG6mdDL8Ct1mxUrdsNew68TpyC1FGB9qhmVYd+RJMQhKacKDVw7Fi7GZGaUQ6zyjBREBM6JWMYGCpICMrN5oFn+NwoPg4iaZ7QeK7+3chIqFQaemYyJHqiVr1c/NdTJsoE/KXzWTxJFaNqWfRVfnolpw5u3YyJONEg6CJmkHCsI5x3h30mgWqeGkKoZOanmE6IJFSbhiumQ2e1sXXSvWw4142rh6t687Fos4xO0Rm6QA66QU10j9qogyji6AW9ojfr3fqwvqzvxWjJKnZO0BKsn1/oVKkG</latexit>

II
<latexit sha1_base64="gBHo84sdIX7MlAvNvAVwvvFKm0o=">AAACL3icbVDLSgMxFE3qq9ZXq0s3wSK4KjNS1GXBjd1VsQ9ph5LJZDqhmcyQZIRh6Fe41Y/wa8SNuPUvzLSzsK0HAodz7uWeHDfmTGnL+oSljc2t7Z3ybmVv/+DwqFo77qkokYR2ScQjOXCxopwJ2tVMczqIJcWhy2nfnd7mfv+ZSsUi8ajTmDohngjmM4K1kZ6ykeujdrs9G1frVsOaA60TuyB1UKAzrsHqyItIElKhCcdKDW0r1k6GpWaE01lllCgaYzLFEzo0VOCQKiebJ56hc6N4yI+keUKjufp3I8OhUmnomskQ60Ctern4r6dMlIB6S+ezOEgVI2pZ9FR+eiWn9m+cjIk40VSQRUw/4UhHKC8PeUxSonlqCCaSmZ8iEmCJiTYVV0yH9mpj66R32bCvGs37Zr31ULRZBqfgDFwAG1yDFrgDHdAFBITgBbyCN/gOP+AX/F6MlmCxcwKWAH9+AZDJqVk=</latexit>

III

<latexit sha1_base64="87KKrNqGu0Duk7SW0e7S5Fb+zko=">AAACMHicbVDLSsNAFJ3UV62vVpduBovgqiRS1GXBjcsq9oFtKJPJTTt0MgkzEyGE/oVb/Qi/Rlfi1q9w0mZhWw8MHM65l3vmeDFnStv2p1Xa2Nza3invVvb2Dw6PqrXjrooSSaFDIx7JvkcUcCago5nm0I8lkNDj0POmt7nfewapWCQedRqDG5KxYAGjRBvpKRt6AQ4kwGxUrdsNew68TpyC1FGB9qhmVYd+RJMQhKacKDVw7Fi7GZGaUQ6zyjBREBM6JWMYGCpICMrN5pFn+NwoPg4iaZ7QeK7+3chIqFQaemYyJHqiVr1c/NdTJsoE/KXzWTxJFaNqWfRVfnolpw5u3IyJONEg6CJmkHCsI5y3h30mgWqeGkKoZOanmE6IJFSbjiumQ2e1sXXSvWw4V43mfbPeeijaLKNTdIYukIOuUQvdoTbqIIoEekGv6M16tz6sL+t7MVqyip0TtATr5xcY1aoq</latexit>

free

<latexit sha1_base64="9JSeZmjTBZHImfSgylRLRoqoRbc=">AAACSHicbVDLSsNAFJ3UV62vVJduBovgQkoiRV0W3OiuilXBlDKZ3NjByYOZG7GEbv0at/oR/oF/4U7cOYlZ2OqBgcO5rzPHT6XQ6DjvVm1ufmFxqb7cWFldW9+wm5tXOskUhz5PZKJufKZBihj6KFDCTaqARb6Ea//+pKhfP4DSIokvcZzCIGJ3sQgFZ2ikoU09hEcs9+S+zGCSe35Izy6ot0+LnZOh3XLaTgn6l7gVaZEKvWHTsr0g4VkEMXLJtL51nRQHOVMouIRJw8s0pIzfszu4NTRmEehBXlqY0F2jBDRMlHkx0lL9PZGzSOtx5JvOiOFIz9YK8d+aNlZGEEydz9PRWAuup8VAF6dnfGJ4PMhFnGYIMf+xGWaSYkKLVGkgFHCUY0MYV8L8lPIRU4yjyb5hMnRnE/tLrg7a7mG7c95pdS+qNOtkm+yQPeKSI9Ilp6RH+oSTJ/JMXsir9WZ9WJ/W109rzapmtsgUarVvHZaygQ==</latexit> IR
li
n
e

<latexit sha1_base64="OL/B5cWlS7uHH9N1VoBMfw4wC/w=">AAACMnicbVDLSgMxFE3qq9ZXq0s3wSK4KjMi6rLgxmUV+4DOUDKZTCc0kwlJRhiG/oZb/Qh/Rnfi1o8w03ZhWw8EDufcyz05geRMG8f5gJWNza3tnepubW//4PCo3jju6TRThHZJylM1CLCmnAnaNcxwOpCK4iTgtB9M7kq//0yVZql4MrmkfoLHgkWMYGMlr/CCCJGYKcyno3rTaTkzoHXiLkgTLNAZNWDdC1OSJVQYwrHWQ9eRxi+wMoxwOq15maYSkwke06GlAidU+8Us9BSdWyVEUarsEwbN1L8bBU60zpPATibYxHrVK8V/PW2jxDRcOl/IONeM6GUx1OXplZwmuvULJmRmqCDzmFHGkUlR2R8KmaLE8NwSTBSzP7X9YYWJsS3XbIfuamPrpHfZcq9bVw9Xzfbjos0qOAVn4AK44Aa0wT3ogC4gQIIX8Are4Dv8hF/wez5agYudE7AE+PML22arDw==</latexit>

chiral

<latexit sha1_base64="Qdwuz4DfoPOEyvZq1aGHlE5Nr7E=">AAACLnicbVDLSgMxFE3qq9ZXq0s3wSK4KjMi6rLgxmUVpy20Q8lk7nRCMw+SjDAM/Qm3+hF+jeBC3PoZZtoubOuBwOGce7knx0sFV9qyPnFlY3Nre6e6W9vbPzg8qjeOuyrJJAOHJSKRfY8qEDwGR3MtoJ9KoJEnoOdN7kq/9wxS8SR+0nkKbkTHMQ84o9pI/WLoBcTpTkf1ptWyZiDrxF6QJlqgM2rg+tBPWBZBrJmgSg1sK9VuQaXmTMC0NswUpJRN6BgGhsY0AuUWs8BTcm4UnwSJNC/WZKb+3ShopFQeeWYyojpUq14p/uspEyUEf+l8kYa54kwti74qT6/k1MGtW/A4zTTEbB4zyATRCSm7Iz6XwLTIDaFMcvNTwkIqKdOm4Zrp0F5tbJ10L1v2devq4arZfly0WUWn6AxdIBvdoDa6Rx3kIIYEekGv6A2/4w/8hb/noxW82DlBS8A/vxSTqR8=</latexit>

UV

<latexit sha1_base64="ERE3A1EIXGtCx+IESu5ZvOe5un0="></latexit>
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CCH, Litim, in prep.



Gross-Neveu-Yukawa
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<latexit sha1_base64="iIzALUtd8p5Uhgst3OQvW/hAQJk=">AAACL3icbVDLSgMxFE3qq9ZXq0s3wSK4KjNa1GXBjcsq9iHtUDKZTCc0yQxJRhiGfoVb/Qi/RtyIW//CtJ2FrR4IHM65l3ty/IQzbRznA5bW1jc2t8rblZ3dvf2Dau2wq+NUEdohMY9V38eaciZpxzDDaT9RFAuf054/uZn5vSeqNIvlg8kS6gk8lixkBBsrPQ65HQ3w6GJUrTsNZw70l7gFqYMC7VENVodBTFJBpSEcaz1wncR4OVaGEU6nlWGqaYLJBI/pwFKJBdVePk88RadWCVAYK/ukQXP190aOhdaZ8O2kwCbSq95M/NfTNkpEg6XzeRJlmhG9LAZ6dnolpwmvvZzJJDVUkkXMMOXIxGhWHgqYosTwzBJMFLM/RSTCChNjK67YDt3Vxv6S7nnDvWw075r11n3RZhkcgxNwBlxwBVrgFrRBBxAgwDN4Aa/wDb7DT/i1GC3BYucILAF+/wD0pamR</latexit>

�3

<latexit sha1_base64="spRGucVystIL7t6ht0nFvEUK7Ew=">AAACJ3icbVDLSgMxFE3qq9ZXq0s3wSK4KjNS1GXBjctW7APaoWQyt53QzIMkIwxDv8CtfoRf40506Z+YaWdhWw8EDufcyz05biy40pb1jUtb2zu7e+X9ysHh0fFJtXbaU1EiGXRZJCI5cKkCwUPoaq4FDGIJNHAF9N3Zfe73n0EqHoVPOo3BCeg05BPOqDZSxx9X61bDWoBsErsgdVSgPa7h6siLWBJAqJmgSg1tK9ZORqXmTMC8MkoUxJTN6BSGhoY0AOVki6RzcmkUj0wiaV6oyUL9u5HRQKk0cM1kQLWv1r1c/NdTJooP3sr5LPZTxZlaFT2Vn17LqSd3TsbDONEQsmXMSSKIjkheGvG4BKZFaghlkpufEuZTSZk21VZMh/Z6Y5ukd92wbxrNTrPeeizaLKNzdIGukI1uUQs9oDbqIoYAvaBX9Ibf8Qf+xF/L0RIuds7QCvDPL5/2plo=</latexit>

h

<latexit sha1_base64="N1Pm1jBVWAceQU24A3sy+qw2wGE=">AAACLXicbVDLSsNAFJ3UV62vVpduBovgqiRS1GXBje6q2Ae0oUwmN+3QySTMTIQQ+hFu9SP8GheCuPU3nLRZ2NYDA4dz7uWeOV7MmdK2/WmVNja3tnfKu5W9/YPDo2rtuKuiRFLo0IhHsu8RBZwJ6GimOfRjCST0OPS86W3u955BKhaJJ53G4IZkLFjAKNFG6mVDL8D3s1G1bjfsOfA6cQpSRwXao5pVHfoRTUIQmnKi1MCxY+1mRGpGOcwqw0RBTOiUjGFgqCAhKDeb553hc6P4OIikeULjufp3IyOhUmnomcmQ6Ila9XLxX0+ZKBPwl85n8SRVjKpl0Vf56ZWcOrhxMybiRIOgi5hBwrGOcF4d9pkEqnlqCKGSmZ9iOiGSUG0KrpgOndXG1kn3suFcNZoPzXrrsWizjE7RGbpADrpGLXSH2qiDKJqiF/SK3qx368P6sr4XoyWr2DlBS7B+fgFAOaiz</latexit>

I

<latexit sha1_base64="AUVEFrbma3Fv/kmqaM3dwnaYwTk=">AAACLnicbVDLSsNAFJ3UV62vVpduBovgqiQi6rLgxu6q2Ae0oUwmN+3QySTMTIQQ+hNu9SP8GsGFuPUznLRZ2NYDA4dz7uWeOV7MmdK2/WmVNja3tnfKu5W9/YPDo2rtuKuiRFLo0IhHsu8RBZwJ6GimOfRjCST0OPS86V3u955BKhaJJ53G4IZkLFjAKNFG6mdDL8Ct1mxUrdsNew68TpyC1FGB9qhmVYd+RJMQhKacKDVw7Fi7GZGaUQ6zyjBREBM6JWMYGCpICMrN5oFn+NwoPg4iaZ7QeK7+3chIqFQaemYyJHqiVr1c/NdTJsoE/KXzWTxJFaNqWfRVfnolpw5u3YyJONEg6CJmkHCsI5x3h30mgWqeGkKoZOanmE6IJFSbhiumQ2e1sXXSvWw4142rh6t687Fos4xO0Rm6QA66QU10j9qogyji6AW9ojfr3fqwvqzvxWjJKnZO0BKsn1/oVKkG</latexit>

II
<latexit sha1_base64="gBHo84sdIX7MlAvNvAVwvvFKm0o=">AAACL3icbVDLSgMxFE3qq9ZXq0s3wSK4KjNS1GXBjd1VsQ9ph5LJZDqhmcyQZIRh6Fe41Y/wa8SNuPUvzLSzsK0HAodz7uWeHDfmTGnL+oSljc2t7Z3ybmVv/+DwqFo77qkokYR2ScQjOXCxopwJ2tVMczqIJcWhy2nfnd7mfv+ZSsUi8ajTmDohngjmM4K1kZ6ykeujdrs9G1frVsOaA60TuyB1UKAzrsHqyItIElKhCcdKDW0r1k6GpWaE01lllCgaYzLFEzo0VOCQKiebJ56hc6N4yI+keUKjufp3I8OhUmnomskQ60Ctern4r6dMlIB6S+ezOEgVI2pZ9FR+eiWn9m+cjIk40VSQRUw/4UhHKC8PeUxSonlqCCaSmZ8iEmCJiTYVV0yH9mpj66R32bCvGs37Zr31ULRZBqfgDFwAG1yDFrgDHdAFBITgBbyCN/gOP+AX/F6MlmCxcwKWAH9+AZDJqVk=</latexit>

III

<latexit sha1_base64="87KKrNqGu0Duk7SW0e7S5Fb+zko=">AAACMHicbVDLSsNAFJ3UV62vVpduBovgqiRS1GXBjcsq9oFtKJPJTTt0MgkzEyGE/oVb/Qi/Rlfi1q9w0mZhWw8MHM65l3vmeDFnStv2p1Xa2Nza3invVvb2Dw6PqrXjrooSSaFDIx7JvkcUcCago5nm0I8lkNDj0POmt7nfewapWCQedRqDG5KxYAGjRBvpKRt6AQ4kwGxUrdsNew68TpyC1FGB9qhmVYd+RJMQhKacKDVw7Fi7GZGaUQ6zyjBREBM6JWMYGCpICMrN5pFn+NwoPg4iaZ7QeK7+3chIqFQaemYyJHqiVr1c/NdTJsoE/KXzWTxJFaNqWfRVfnolpw5u3IyJONEg6CJmkHCsI5y3h30mgWqeGkKoZOanmE6IJFSbjiumQ2e1sXXSvWw4V43mfbPeeijaLKNTdIYukIOuUQvdoTbqIIoEekGv6M16tz6sL+t7MVqyip0TtATr5xcY1aoq</latexit>

free

<latexit sha1_base64="9JSeZmjTBZHImfSgylRLRoqoRbc=">AAACSHicbVDLSsNAFJ3UV62vVJduBovgQkoiRV0W3OiuilXBlDKZ3NjByYOZG7GEbv0at/oR/oF/4U7cOYlZ2OqBgcO5rzPHT6XQ6DjvVm1ufmFxqb7cWFldW9+wm5tXOskUhz5PZKJufKZBihj6KFDCTaqARb6Ea//+pKhfP4DSIokvcZzCIGJ3sQgFZ2ikoU09hEcs9+S+zGCSe35Izy6ot0+LnZOh3XLaTgn6l7gVaZEKvWHTsr0g4VkEMXLJtL51nRQHOVMouIRJw8s0pIzfszu4NTRmEehBXlqY0F2jBDRMlHkx0lL9PZGzSOtx5JvOiOFIz9YK8d+aNlZGEEydz9PRWAuup8VAF6dnfGJ4PMhFnGYIMf+xGWaSYkKLVGkgFHCUY0MYV8L8lPIRU4yjyb5hMnRnE/tLrg7a7mG7c95pdS+qNOtkm+yQPeKSI9Ilp6RH+oSTJ/JMXsir9WZ9WJ/W109rzapmtsgUarVvHZaygQ==</latexit> IR
li
n
e

<latexit sha1_base64="OL/B5cWlS7uHH9N1VoBMfw4wC/w=">AAACMnicbVDLSgMxFE3qq9ZXq0s3wSK4KjMi6rLgxmUV+4DOUDKZTCc0kwlJRhiG/oZb/Qh/Rnfi1o8w03ZhWw8EDufcyz05geRMG8f5gJWNza3tnepubW//4PCo3jju6TRThHZJylM1CLCmnAnaNcxwOpCK4iTgtB9M7kq//0yVZql4MrmkfoLHgkWMYGMlr/CCCJGYKcyno3rTaTkzoHXiLkgTLNAZNWDdC1OSJVQYwrHWQ9eRxi+wMoxwOq15maYSkwke06GlAidU+8Us9BSdWyVEUarsEwbN1L8bBU60zpPATibYxHrVK8V/PW2jxDRcOl/IONeM6GUx1OXplZwmuvULJmRmqCDzmFHGkUlR2R8KmaLE8NwSTBSzP7X9YYWJsS3XbIfuamPrpHfZcq9bVw9Xzfbjos0qOAVn4AK44Aa0wT3ogC4gQIIX8Are4Dv8hF/wez5agYudE7AE+PML22arDw==</latexit>

chiral

<latexit sha1_base64="Qdwuz4DfoPOEyvZq1aGHlE5Nr7E=">AAACLnicbVDLSgMxFE3qq9ZXq0s3wSK4KjMi6rLgxmUVpy20Q8lk7nRCMw+SjDAM/Qm3+hF+jeBC3PoZZtoubOuBwOGce7knx0sFV9qyPnFlY3Nre6e6W9vbPzg8qjeOuyrJJAOHJSKRfY8qEDwGR3MtoJ9KoJEnoOdN7kq/9wxS8SR+0nkKbkTHMQ84o9pI/WLoBcTpTkf1ptWyZiDrxF6QJlqgM2rg+tBPWBZBrJmgSg1sK9VuQaXmTMC0NswUpJRN6BgGhsY0AuUWs8BTcm4UnwSJNC/WZKb+3ShopFQeeWYyojpUq14p/uspEyUEf+l8kYa54kwti74qT6/k1MGtW/A4zTTEbB4zyATRCSm7Iz6XwLTIDaFMcvNTwkIqKdOm4Zrp0F5tbJ10L1v2devq4arZfly0WUWn6AxdIBvdoDa6Rx3kIIYEekGv6A2/4w/8hb/noxW82DlBS8A/vxSTqR8=</latexit>

UV

<latexit sha1_base64="ERE3A1EIXGtCx+IESu5ZvOe5un0="></latexit>

I massless

II unstable
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CCH, Litim, in prep.



Summary

• Fermionic RG allows exact solutions for effective potential at large N  

• Explicit breaking of chiral symmetry opens up line of 6F fixed points 

• Some theories exactly massless despite explicitly broken symmetry 

• Evidence for duality with O(N) models, including fermionic BMB phenomenon 

• Counterpart fixed points in Yukawa models with exactly marginal cubic term


