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N Dirac fermions in d dimensions

toy model for nonpertubative physics

GN universality class



Gross-Neveu
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asymptotically…


‣ free in d = 2


‣ safe in d = 3

[Gross, Neveu, PRD ’74]

[Gawędzki, Kupiainen, Nucl.Phys.B ’85]

[Rosenstein, Warr, Park, PRL ‘88]

[de Calan et al., PRL ’91]

N Dirac fermions in d dimensions
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N Dirac fermions in d dimensions

asymptotically…


‣ free in d = 2


‣ safe in d = 3
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 ! �5 ,  ̄ ! � ̄�5,  ̄ ! � ̄ 

[CCH, Litim, 2207.10115]

asymptotically…


‣ free in d = 2


‣ safe in d = 3



RG flow

<latexit sha1_base64="uADDr1akYG2xjRbPbqGfOOTD2K0="></latexit>
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At large N, exact RG flow for

<latexit sha1_base64="NpHUuSBxybfPK2tghK9WCbjMm1c="></latexit>

@tv = �d v + (d� 1)z@zv �
1

1 + (@zv)2

reduces to

<latexit sha1_base64="XsePhZ+0Jf4Fa/bMMormcK4GA+Y="></latexit>

t = log k/⇤, z = k1�d ̄a a, v(z, t) = k�dVk( ̄a a)

where

LPA for fermions:

[Jakovác, Patkós, 1306.2660]

[Jakovác, Patkós, Pósfay, 1406.3195]



Fixed points
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v0⇤(z)
<latexit sha1_base64="Xouphhnc/w3mgEjJKiSWmgSaVoU=">AAAB/nicbVC7SgNBFL0bXzG+opY2g0GMFmFXBC2DNpYRzAOSJcxOZpMhM7PLzGwgLgF/wVZ7O7H1V2z9EifJFpp44MLhnHs5lxPEnGnjul9ObmV1bX0jv1nY2t7Z3SvuHzR0lChC6yTikWoFWFPOJK0bZjhtxYpiEXDaDIa3U785okqzSD6YcUx9gfuShYxgY6Xm6LR7Xn486xZLbsWdAS0TLyMlyFDrFr87vYgkgkpDONa67bmx8VOsDCOcTgqdRNMYkyHu07alEguq/XT27gSdWKWHwkjZkQbN1N8XKRZaj0VgNwU2A73oTcV/vUAsJJvw2k+ZjBNDJZkHhwlHJkLTLlCPKUoMH1uCiWL2d0QGWGFibGMFW4q3WMEyaVxUPLfi3V+WqjdZPXk4gmMogwdXUIU7qEEdCAzhGV7g1Xly3px352O+mnOym0P4A+fzB1WylVc=</latexit><latexit sha1_base64="Xouphhnc/w3mgEjJKiSWmgSaVoU=">AAAB/nicbVC7SgNBFL0bXzG+opY2g0GMFmFXBC2DNpYRzAOSJcxOZpMhM7PLzGwgLgF/wVZ7O7H1V2z9EifJFpp44MLhnHs5lxPEnGnjul9ObmV1bX0jv1nY2t7Z3SvuHzR0lChC6yTikWoFWFPOJK0bZjhtxYpiEXDaDIa3U785okqzSD6YcUx9gfuShYxgY6Xm6LR7Xn486xZLbsWdAS0TLyMlyFDrFr87vYgkgkpDONa67bmx8VOsDCOcTgqdRNMYkyHu07alEguq/XT27gSdWKWHwkjZkQbN1N8XKRZaj0VgNwU2A73oTcV/vUAsJJvw2k+ZjBNDJZkHhwlHJkLTLlCPKUoMH1uCiWL2d0QGWGFibGMFW4q3WMEyaVxUPLfi3V+WqjdZPXk4gmMogwdXUIU7qEEdCAzhGV7g1Xly3px352O+mnOym0P4A+fzB1WylVc=</latexit><latexit sha1_base64="Xouphhnc/w3mgEjJKiSWmgSaVoU=">AAAB/nicbVC7SgNBFL0bXzG+opY2g0GMFmFXBC2DNpYRzAOSJcxOZpMhM7PLzGwgLgF/wVZ7O7H1V2z9EifJFpp44MLhnHs5lxPEnGnjul9ObmV1bX0jv1nY2t7Z3SvuHzR0lChC6yTikWoFWFPOJK0bZjhtxYpiEXDaDIa3U785okqzSD6YcUx9gfuShYxgY6Xm6LR7Xn486xZLbsWdAS0TLyMlyFDrFr87vYgkgkpDONa67bmx8VOsDCOcTgqdRNMYkyHu07alEguq/XT27gSdWKWHwkjZkQbN1N8XKRZaj0VgNwU2A73oTcV/vUAsJJvw2k+ZjBNDJZkHhwlHJkLTLlCPKUoMH1uCiWL2d0QGWGFibGMFW4q3WMEyaVxUPLfi3V+WqjdZPXk4gmMogwdXUIU7qEEdCAzhGV7g1Xly3px352O+mnOym0P4A+fzB1WylVc=</latexit><latexit sha1_base64="Xouphhnc/w3mgEjJKiSWmgSaVoU=">AAAB/nicbVC7SgNBFL0bXzG+opY2g0GMFmFXBC2DNpYRzAOSJcxOZpMhM7PLzGwgLgF/wVZ7O7H1V2z9EifJFpp44MLhnHs5lxPEnGnjul9ObmV1bX0jv1nY2t7Z3SvuHzR0lChC6yTikWoFWFPOJK0bZjhtxYpiEXDaDIa3U785okqzSD6YcUx9gfuShYxgY6Xm6LR7Xn486xZLbsWdAS0TLyMlyFDrFr87vYgkgkpDONa67bmx8VOsDCOcTgqdRNMYkyHu07alEguq/XT27gSdWKWHwkjZkQbN1N8XKRZaj0VgNwU2A73oTcV/vUAsJJvw2k+ZjBNDJZkHhwlHJkLTLlCPKUoMH1uCiWL2d0QGWGFibGMFW4q3WMEyaVxUPLfi3V+WqjdZPXk4gmMogwdXUIU7qEEdCAzhGV7g1Xly3px352O+mnOym0P4A+fzB1WylVc=</latexit>

z
<latexit sha1_base64="TB6ZHy50xenSD1rDTtHP2biGrTc=">AAAB+HicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48JmAckS5id9CZDZmaXmVkhWfIFXvXuTbz6N179EifJHjSxoKGo6qaaChPOtPG8L6ewsbm1vVPcLe3tHxwelY9PWjpOFcUmjXmsOiHRyJnEpmGGYydRSETIsR2O7+d++wmVZrF8NJMEA0GGkkWMEmOlxrRfrnhVbwF3nfg5qUCOer/83RvENBUoDeVE667vJSbIiDKMcpyVeqnGhNAxGWLXUkkE6iBbPDpzL6wycKNY2ZHGXai/LzIitJ6I0G4KYkZ61ZuL/3qhWEk20W2QMZmkBiVdBkcpd03szltwB0whNXxiCaGK2d9dOiKKUGO7KtlS/NUK1knrqup7Vb9xXand5fUU4QzO4RJ8uIEaPEAdmkAB4Rle4NWZOm/Ou/OxXC04+c0p/IHz+QMhmJOk</latexit><latexit sha1_base64="TB6ZHy50xenSD1rDTtHP2biGrTc=">AAAB+HicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48JmAckS5id9CZDZmaXmVkhWfIFXvXuTbz6N179EifJHjSxoKGo6qaaChPOtPG8L6ewsbm1vVPcLe3tHxwelY9PWjpOFcUmjXmsOiHRyJnEpmGGYydRSETIsR2O7+d++wmVZrF8NJMEA0GGkkWMEmOlxrRfrnhVbwF3nfg5qUCOer/83RvENBUoDeVE667vJSbIiDKMcpyVeqnGhNAxGWLXUkkE6iBbPDpzL6wycKNY2ZHGXai/LzIitJ6I0G4KYkZ61ZuL/3qhWEk20W2QMZmkBiVdBkcpd03szltwB0whNXxiCaGK2d9dOiKKUGO7KtlS/NUK1knrqup7Vb9xXand5fUU4QzO4RJ8uIEaPEAdmkAB4Rle4NWZOm/Ou/OxXC04+c0p/IHz+QMhmJOk</latexit><latexit sha1_base64="TB6ZHy50xenSD1rDTtHP2biGrTc=">AAAB+HicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48JmAckS5id9CZDZmaXmVkhWfIFXvXuTbz6N179EifJHjSxoKGo6qaaChPOtPG8L6ewsbm1vVPcLe3tHxwelY9PWjpOFcUmjXmsOiHRyJnEpmGGYydRSETIsR2O7+d++wmVZrF8NJMEA0GGkkWMEmOlxrRfrnhVbwF3nfg5qUCOer/83RvENBUoDeVE667vJSbIiDKMcpyVeqnGhNAxGWLXUkkE6iBbPDpzL6wycKNY2ZHGXai/LzIitJ6I0G4KYkZ61ZuL/3qhWEk20W2QMZmkBiVdBkcpd03szltwB0whNXxiCaGK2d9dOiKKUGO7KtlS/NUK1knrqup7Vb9xXand5fUU4QzO4RJ8uIEaPEAdmkAB4Rle4NWZOm/Ou/OxXC04+c0p/IHz+QMhmJOk</latexit><latexit sha1_base64="TB6ZHy50xenSD1rDTtHP2biGrTc=">AAAB+HicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48JmAckS5id9CZDZmaXmVkhWfIFXvXuTbz6N179EifJHjSxoKGo6qaaChPOtPG8L6ewsbm1vVPcLe3tHxwelY9PWjpOFcUmjXmsOiHRyJnEpmGGYydRSETIsR2O7+d++wmVZrF8NJMEA0GGkkWMEmOlxrRfrnhVbwF3nfg5qUCOer/83RvENBUoDeVE667vJSbIiDKMcpyVeqnGhNAxGWLXUkkE6iBbPDpzL6wycKNY2ZHGXai/LzIitJ6I0G4KYkZ61ZuL/3qhWEk20W2QMZmkBiVdBkcpd03szltwB0whNXxiCaGK2d9dOiKKUGO7KtlS/NUK1knrqup7Vb9xXand5fUU4QzO4RJ8uIEaPEAdmkAB4Rle4NWZOm/Ou/OxXC04+c0p/IHz+QMhmJOk</latexit>

quartic GN
<latexit sha1_base64="55BGQwVob3GYTP20Ep9OVJck3pI=">AAACCnicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0GXRha6kgn1AE8pkOmmHziRxZqKU0D/wF9zq3p249Sfc+iVO0yy0euDC4Zz74gQJZ0o7zqdVWlpeWV0rr1c2Nre2d+zqblvFqSS0RWIey26AFeUsoi3NNKfdRFIsAk47wfhi5nfuqVQsjm71JKG+wMOIhYxgbaS+Xc08KdBdiqVmxEOX19O+XXPqTg70l7gFqUGBZt/+8gYxSQWNNOFYqZ7rJNrP8o2cTiteqmiCyRgPac/QCAuq/Cx/fYoOjTJAYSxNRRrl6s+JDAulJiIwnQLrkVr0ZuK/XiAWLuvwzM9YlKSaRmR+OEw50jGa5YIGTFKi+cQQTCQzvyMywhITbdKrmFDcxQj+kvZx3XXq7s1JrXFexFOGfTiAI3DhFBpwBU1oAYEHeIJneLEerVfrzXqft5asYmYPfsH6+AZrl5pY</latexit><latexit sha1_base64="55BGQwVob3GYTP20Ep9OVJck3pI=">AAACCnicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0GXRha6kgn1AE8pkOmmHziRxZqKU0D/wF9zq3p249Sfc+iVO0yy0euDC4Zz74gQJZ0o7zqdVWlpeWV0rr1c2Nre2d+zqblvFqSS0RWIey26AFeUsoi3NNKfdRFIsAk47wfhi5nfuqVQsjm71JKG+wMOIhYxgbaS+Xc08KdBdiqVmxEOX19O+XXPqTg70l7gFqUGBZt/+8gYxSQWNNOFYqZ7rJNrP8o2cTiteqmiCyRgPac/QCAuq/Cx/fYoOjTJAYSxNRRrl6s+JDAulJiIwnQLrkVr0ZuK/XiAWLuvwzM9YlKSaRmR+OEw50jGa5YIGTFKi+cQQTCQzvyMywhITbdKrmFDcxQj+kvZx3XXq7s1JrXFexFOGfTiAI3DhFBpwBU1oAYEHeIJneLEerVfrzXqft5asYmYPfsH6+AZrl5pY</latexit><latexit sha1_base64="55BGQwVob3GYTP20Ep9OVJck3pI=">AAACCnicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0GXRha6kgn1AE8pkOmmHziRxZqKU0D/wF9zq3p249Sfc+iVO0yy0euDC4Zz74gQJZ0o7zqdVWlpeWV0rr1c2Nre2d+zqblvFqSS0RWIey26AFeUsoi3NNKfdRFIsAk47wfhi5nfuqVQsjm71JKG+wMOIhYxgbaS+Xc08KdBdiqVmxEOX19O+XXPqTg70l7gFqUGBZt/+8gYxSQWNNOFYqZ7rJNrP8o2cTiteqmiCyRgPac/QCAuq/Cx/fYoOjTJAYSxNRRrl6s+JDAulJiIwnQLrkVr0ZuK/XiAWLuvwzM9YlKSaRmR+OEw50jGa5YIGTFKi+cQQTCQzvyMywhITbdKrmFDcxQj+kvZx3XXq7s1JrXFexFOGfTiAI3DhFBpwBU1oAYEHeIJneLEerVfrzXqft5asYmYPfsH6+AZrl5pY</latexit><latexit sha1_base64="55BGQwVob3GYTP20Ep9OVJck3pI=">AAACCnicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0GXRha6kgn1AE8pkOmmHziRxZqKU0D/wF9zq3p249Sfc+iVO0yy0euDC4Zz74gQJZ0o7zqdVWlpeWV0rr1c2Nre2d+zqblvFqSS0RWIey26AFeUsoi3NNKfdRFIsAk47wfhi5nfuqVQsjm71JKG+wMOIhYxgbaS+Xc08KdBdiqVmxEOX19O+XXPqTg70l7gFqUGBZt/+8gYxSQWNNOFYqZ7rJNrP8o2cTiteqmiCyRgPac/QCAuq/Cx/fYoOjTJAYSxNRRrl6s+JDAulJiIwnQLrkVr0ZuK/XiAWLuvwzM9YlKSaRmR+OEw50jGa5YIGTFKi+cQQTCQzvyMywhITbdKrmFDcxQj+kvZx3XXq7s1JrXFexFOGfTiAI3DhFBpwBU1oAYEHeIJneLEerVfrzXqft5asYmYPfsH6+AZrl5pY</latexit>

sextic GN
<latexit sha1_base64="XLfEAGE6wODDmb4TJkXyo3JRVnM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl0oSupYB/QhDKZ3rZDZyZhZlIsoV/gL7jVvTtx61e49Uuctllo64ELh3PuixMlnGnjeV9OYWV1bX2juFna2t7Z3XP3Dxo6ThWFOo15rFoR0cCZhLphhkMrUUBExKEZDa+nfnMESrNYPphxAqEgfcl6jBJjpY7rZoESWMOjYTTAN3eTjlv2Kt4MeJn4OSmjHLWO+x10Y5oKkIZyonXb9xITZkTZjRwmpSDVkBA6JH1oWyqJAB1ms88n+MQqXdyLlS1p8Ez9PZERofVYRLZTEDPQi95U/NeLxMJl07sMMyaT1ICk88O9lGMT42ksuMsUUMPHlhCqmP0d0wFRhBobXsmG4i9GsEwaZxXfq/j35+XqVR5PER2hY3SKfHSBqugW1VAdUTRCz+gFvTpPzpvz7nzMWwtOPnOI/sD5/AGaMpnl</latexit><latexit sha1_base64="XLfEAGE6wODDmb4TJkXyo3JRVnM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl0oSupYB/QhDKZ3rZDZyZhZlIsoV/gL7jVvTtx61e49Uuctllo64ELh3PuixMlnGnjeV9OYWV1bX2juFna2t7Z3XP3Dxo6ThWFOo15rFoR0cCZhLphhkMrUUBExKEZDa+nfnMESrNYPphxAqEgfcl6jBJjpY7rZoESWMOjYTTAN3eTjlv2Kt4MeJn4OSmjHLWO+x10Y5oKkIZyonXb9xITZkTZjRwmpSDVkBA6JH1oWyqJAB1ms88n+MQqXdyLlS1p8Ez9PZERofVYRLZTEDPQi95U/NeLxMJl07sMMyaT1ICk88O9lGMT42ksuMsUUMPHlhCqmP0d0wFRhBobXsmG4i9GsEwaZxXfq/j35+XqVR5PER2hY3SKfHSBqugW1VAdUTRCz+gFvTpPzpvz7nzMWwtOPnOI/sD5/AGaMpnl</latexit><latexit sha1_base64="XLfEAGE6wODDmb4TJkXyo3JRVnM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl0oSupYB/QhDKZ3rZDZyZhZlIsoV/gL7jVvTtx61e49Uuctllo64ELh3PuixMlnGnjeV9OYWV1bX2juFna2t7Z3XP3Dxo6ThWFOo15rFoR0cCZhLphhkMrUUBExKEZDa+nfnMESrNYPphxAqEgfcl6jBJjpY7rZoESWMOjYTTAN3eTjlv2Kt4MeJn4OSmjHLWO+x10Y5oKkIZyonXb9xITZkTZjRwmpSDVkBA6JH1oWyqJAB1ms88n+MQqXdyLlS1p8Ez9PZERofVYRLZTEDPQi95U/NeLxMJl07sMMyaT1ICk88O9lGMT42ksuMsUUMPHlhCqmP0d0wFRhBobXsmG4i9GsEwaZxXfq/j35+XqVR5PER2hY3SKfHSBqugW1VAdUTRCz+gFvTpPzpvz7nzMWwtOPnOI/sD5/AGaMpnl</latexit><latexit sha1_base64="XLfEAGE6wODDmb4TJkXyo3JRVnM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl0oSupYB/QhDKZ3rZDZyZhZlIsoV/gL7jVvTtx61e49Uuctllo64ELh3PuixMlnGnjeV9OYWV1bX2juFna2t7Z3XP3Dxo6ThWFOo15rFoR0cCZhLphhkMrUUBExKEZDa+nfnMESrNYPphxAqEgfcl6jBJjpY7rZoESWMOjYTTAN3eTjlv2Kt4MeJn4OSmjHLWO+x10Y5oKkIZyonXb9xITZkTZjRwmpSDVkBA6JH1oWyqJAB1ms88n+MQqXdyLlS1p8Ez9PZERofVYRLZTEDPQi95U/NeLxMJl07sMMyaT1ICk88O9lGMT42ksuMsUUMPHlhCqmP0d0wFRhBobXsmG4i9GsEwaZxXfq/j35+XqVR5PER2hY3SKfHSBqugW1VAdUTRCz+gFvTpPzpvz7nzMWwtOPnOI/sD5/AGaMpnl</latexit>

(�3 = 0)
<latexit sha1_base64="mbwZiR9o9pIHi2s9WcnVtNWrK/I=">AAACBHicbVC7SgNBFL3rM8ZX1NJmMAixCbsqaCMEbSwjmAckS5idnU2GzMyuM7NCWNL6C7ba24mt/2HrlzhJttDEAxcO55zLvZwg4Uwb1/1ylpZXVtfWCxvFza3tnd3S3n5Tx6kitEFiHqt2gDXlTNKGYYbTdqIoFgGnrWB4M/Fbj1RpFst7M0qoL3BfsogRbKzkV7rcZkPcO7tyT3qlslt1p0CLxMtJGXLUe6XvbhiTVFBpCMdadzw3MX6GlWGE03Gxm2qaYDLEfdqxVGJBtZ9Nnx6jY6uEKIqVHWnQVP29kWGh9UgENimwGeh5byL+6wVi7rKJLv2MySQ1VJLZ4SjlyMRo0ggKmaLE8JElmChmf0dkgBUmxvZWtKV48xUskuZp1XOr3t15uXad11OAQziCCnhwATW4hTo0gMADPMMLvDpPzpvz7nzMoktOvnMAf+B8/gCceJev</latexit><latexit sha1_base64="mbwZiR9o9pIHi2s9WcnVtNWrK/I=">AAACBHicbVC7SgNBFL3rM8ZX1NJmMAixCbsqaCMEbSwjmAckS5idnU2GzMyuM7NCWNL6C7ba24mt/2HrlzhJttDEAxcO55zLvZwg4Uwb1/1ylpZXVtfWCxvFza3tnd3S3n5Tx6kitEFiHqt2gDXlTNKGYYbTdqIoFgGnrWB4M/Fbj1RpFst7M0qoL3BfsogRbKzkV7rcZkPcO7tyT3qlslt1p0CLxMtJGXLUe6XvbhiTVFBpCMdadzw3MX6GlWGE03Gxm2qaYDLEfdqxVGJBtZ9Nnx6jY6uEKIqVHWnQVP29kWGh9UgENimwGeh5byL+6wVi7rKJLv2MySQ1VJLZ4SjlyMRo0ggKmaLE8JElmChmf0dkgBUmxvZWtKV48xUskuZp1XOr3t15uXad11OAQziCCnhwATW4hTo0gMADPMMLvDpPzpvz7nzMoktOvnMAf+B8/gCceJev</latexit><latexit sha1_base64="mbwZiR9o9pIHi2s9WcnVtNWrK/I=">AAACBHicbVC7SgNBFL3rM8ZX1NJmMAixCbsqaCMEbSwjmAckS5idnU2GzMyuM7NCWNL6C7ba24mt/2HrlzhJttDEAxcO55zLvZwg4Uwb1/1ylpZXVtfWCxvFza3tnd3S3n5Tx6kitEFiHqt2gDXlTNKGYYbTdqIoFgGnrWB4M/Fbj1RpFst7M0qoL3BfsogRbKzkV7rcZkPcO7tyT3qlslt1p0CLxMtJGXLUe6XvbhiTVFBpCMdadzw3MX6GlWGE03Gxm2qaYDLEfdqxVGJBtZ9Nnx6jY6uEKIqVHWnQVP29kWGh9UgENimwGeh5byL+6wVi7rKJLv2MySQ1VJLZ4SjlyMRo0ggKmaLE8JElmChmf0dkgBUmxvZWtKV48xUskuZp1XOr3t15uXad11OAQziCCnhwATW4hTo0gMADPMMLvDpPzpvz7nzMoktOvnMAf+B8/gCceJev</latexit><latexit sha1_base64="mbwZiR9o9pIHi2s9WcnVtNWrK/I=">AAACBHicbVC7SgNBFL3rM8ZX1NJmMAixCbsqaCMEbSwjmAckS5idnU2GzMyuM7NCWNL6C7ba24mt/2HrlzhJttDEAxcO55zLvZwg4Uwb1/1ylpZXVtfWCxvFza3tnd3S3n5Tx6kitEFiHqt2gDXlTNKGYYbTdqIoFgGnrWB4M/Fbj1RpFst7M0qoL3BfsogRbKzkV7rcZkPcO7tyT3qlslt1p0CLxMtJGXLUe6XvbhiTVFBpCMdadzw3MX6GlWGE03Gxm2qaYDLEfdqxVGJBtZ9Nnx6jY6uEKIqVHWnQVP29kWGh9UgENimwGeh5byL+6wVi7rKJLv2MySQ1VJLZ4SjlyMRo0ggKmaLE8JElmChmf0dkgBUmxvZWtKV48xUskuZp1XOr3t15uXad11OAQziCCnhwATW4hTo0gMADPMMLvDpPzpvz7nzMoktOvnMAf+B8/gCceJev</latexit>

(�3 = 1)
<latexit sha1_base64="Zkp6O0MM3Sii39DCJJ45srn7jzE=">AAACBHicbVC7SgNBFL3rM8ZX1NJmMAixCbsqaCMEbSwjmAckS5idnU2GzMyuM7NCWNL6C7ba24mt/2HrlzhJttDEAxcO55zLvZwg4Uwb1/1ylpZXVtfWCxvFza3tnd3S3n5Tx6kitEFiHqt2gDXlTNKGYYbTdqIoFgGnrWB4M/Fbj1RpFst7M0qoL3BfsogRbKzkV7rcZkPcO7vyTnqlslt1p0CLxMtJGXLUe6XvbhiTVFBpCMdadzw3MX6GlWGE03Gxm2qaYDLEfdqxVGJBtZ9Nnx6jY6uEKIqVHWnQVP29kWGh9UgENimwGeh5byL+6wVi7rKJLv2MySQ1VJLZ4SjlyMRo0ggKmaLE8JElmChmf0dkgBUmxvZWtKV48xUskuZp1XOr3t15uXad11OAQziCCnhwATW4hTo0gMADPMMLvDpPzpvz7nzMoktOvnMAf+B8/gCeDZew</latexit><latexit sha1_base64="Zkp6O0MM3Sii39DCJJ45srn7jzE=">AAACBHicbVC7SgNBFL3rM8ZX1NJmMAixCbsqaCMEbSwjmAckS5idnU2GzMyuM7NCWNL6C7ba24mt/2HrlzhJttDEAxcO55zLvZwg4Uwb1/1ylpZXVtfWCxvFza3tnd3S3n5Tx6kitEFiHqt2gDXlTNKGYYbTdqIoFgGnrWB4M/Fbj1RpFst7M0qoL3BfsogRbKzkV7rcZkPcO7vyTnqlslt1p0CLxMtJGXLUe6XvbhiTVFBpCMdadzw3MX6GlWGE03Gxm2qaYDLEfdqxVGJBtZ9Nnx6jY6uEKIqVHWnQVP29kWGh9UgENimwGeh5byL+6wVi7rKJLv2MySQ1VJLZ4SjlyMRo0ggKmaLE8JElmChmf0dkgBUmxvZWtKV48xUskuZp1XOr3t15uXad11OAQziCCnhwATW4hTo0gMADPMMLvDpPzpvz7nzMoktOvnMAf+B8/gCeDZew</latexit><latexit sha1_base64="Zkp6O0MM3Sii39DCJJ45srn7jzE=">AAACBHicbVC7SgNBFL3rM8ZX1NJmMAixCbsqaCMEbSwjmAckS5idnU2GzMyuM7NCWNL6C7ba24mt/2HrlzhJttDEAxcO55zLvZwg4Uwb1/1ylpZXVtfWCxvFza3tnd3S3n5Tx6kitEFiHqt2gDXlTNKGYYbTdqIoFgGnrWB4M/Fbj1RpFst7M0qoL3BfsogRbKzkV7rcZkPcO7vyTnqlslt1p0CLxMtJGXLUe6XvbhiTVFBpCMdadzw3MX6GlWGE03Gxm2qaYDLEfdqxVGJBtZ9Nnx6jY6uEKIqVHWnQVP29kWGh9UgENimwGeh5byL+6wVi7rKJLv2MySQ1VJLZ4SjlyMRo0ggKmaLE8JElmChmf0dkgBUmxvZWtKV48xUskuZp1XOr3t15uXad11OAQziCCnhwATW4hTo0gMADPMMLvDpPzpvz7nzMoktOvnMAf+B8/gCeDZew</latexit><latexit sha1_base64="Zkp6O0MM3Sii39DCJJ45srn7jzE=">AAACBHicbVC7SgNBFL3rM8ZX1NJmMAixCbsqaCMEbSwjmAckS5idnU2GzMyuM7NCWNL6C7ba24mt/2HrlzhJttDEAxcO55zLvZwg4Uwb1/1ylpZXVtfWCxvFza3tnd3S3n5Tx6kitEFiHqt2gDXlTNKGYYbTdqIoFgGnrWB4M/Fbj1RpFst7M0qoL3BfsogRbKzkV7rcZkPcO7vyTnqlslt1p0CLxMtJGXLUe6XvbhiTVFBpCMdadzw3MX6GlWGE03Gxm2qaYDLEfdqxVGJBtZ9Nnx6jY6uEKIqVHWnQVP29kWGh9UgENimwGeh5byL+6wVi7rKJLv2MySQ1VJLZ4SjlyMRo0ggKmaLE8JElmChmf0dkgBUmxvZWtKV48xUskuZp1XOr3t15uXad11OAQziCCnhwATW4hTo0gMADPMMLvDpPzpvz7nzMoktOvnMAf+B8/gCeDZew</latexit>

<latexit sha1_base64="jjisWpHdg4Ahr5xB44BDBcQ6YoI="></latexit>

z = 4�⇤
3(v

0)2 � v0

2 + 3(v0)2

1 + (v0)2
+ 3v0 arctan v0

�

<latexit sha1_base64="tdRJKbfQM3u/+9CyS2cskIH2OaI=">AAACM3icbVDLSgMxFM34rPU16tJNsAjiosz4XrgQ3LisYlXojCWTubWhmYfJHaEM/RK/ww9wq18g7kRw5T+YqQW19ULC4Ty4yQlSKTQ6zos1Nj4xOTVdminPzs0vLNpLyxc6yRSHOk9koq4CpkGKGOooUMJVqoBFgYTLoHNc6Jd3oLRI4nPspuBH7CYWLcEZGqpp7zrUk3BrLuNCT5pkyJrb15ueKgh6SH+43FMR5Upgr2lXnKrTHzoK3AGokMHUmvaHFyY8iyBGLpnWDddJ0c+ZQsEl9MpepiFlvMNuoGFgzCLQft7/Xo+uGyakrUSZEyPts78TOYu07kaBcUYM23pYK8h/NW2e0oZwaD22DvxcxGmGEPPv7a1MUkxoUSANhQKOsmsAK8oQnPI2U4yjqblsmnGHexgFF1tVd6+6c7pTOTobdFQiq2SNbBCX7JMjckJqpE44uSeP5Ik8Ww/Wq/VmvX9bx6xBZoX8GevzC6u6qto=</latexit>

0  |�⇤
3| < �crit

3

Exact solution

<latexit sha1_base64="xGMLJL3tg8wEAgPBx/pt1PPsX3s="></latexit>

v⇤(z) = �
1

4
z2 +

1

3!
�⇤
3z

3 +O(z4)

For small z
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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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�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>

chiral

U
V

-l
in

e

I

III

I 
II 
III

massless 
massive 
effective

Fermions 

IR: 1 relevant
<latexit sha1_base64="jTiUZRumDGAZstR0Hv7JQmwgME0=">AAACS3icbVDJSgNBEO2JRmPcEj16aQyCBw0zGpeLEPTiMYJZIAmhp6fiNOlZ6K4RwpAP8Gu86kf4AX6HN/FgZzmYxIIqHq/qUVXPjaXQaNufVmZlNbu2ntvIb25t7+wWinsNHSWKQ51HMlItl2mQIoQ6CpTQihWwwJXQdAd3437zGZQWUfiIwxi6AXsKRV9whobqFUod9AEZvaHOCe3Q02k9n9QLU70ItZmyy/Yk6DJwZqBEZlHrFa2CEfIkgBC5ZFq3HTvGbsoUCi5hlO8kGmLGB+wJ2gaGLADdTSffjOiRYTzaj5TJEOmE/atIWaD1MHDNZMDQ14u9MflvT5tTfPDm1qexP9SC63nS0+PVC3di/7qbijBOEEI+PbOfSIoRHRtLPaGAoxwawLgS5lPKfaYYR2N/3njoLDq2DBpnZeeyXHmolKq3Mzdz5IAckmPikCtSJfekRuqEkxfySt7Iu/VhfVnf1s90NGPNNPtkLjLZX8OEr2I=</latexit>

✓ = 1, �1, �3, �5, . . .
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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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Fermions 

UV: 2 relevant, 1 marginal
<latexit sha1_base64="126nzgIRDMBBy8Z+zoG+y5vF8e0=">AAACSXicbVBNS8NAEN20ftT6VfXoZbUIHrQkRdSLUPTiUcHWQhvKZjM1i5sPdidCCD37a7zqj/AX+DO8iSc3tQfbOjDD4808ZuZ5iRQabfvDKpUXFpeWKyvV1bX1jc3a1nZHx6ni0OaxjFXXYxqkiKCNAiV0EwUs9CTce49XRf/+CZQWcXSHWQJuyB4iMRScoaEGtb0+BoCMXtDmEe1Tpyh2UY4L6MeoB7W63bDHQeeBMwF1MombwZZVM0KehhAhl0zrnmMn6OZMoeASRtV+qiFh/JE9QM/AiIWg3Xz8y4geGManw1iZjJCO2b+KnIVaZ6FnJkOGgZ7tFeS/PW1OCcCfWp8nQaYF19Okr4vVM3fi8NzNRZSkCBH/PXOYSooxLWylvlDAUWYGMK6E+ZTygCnG0ZhfNR46s47Ng06z4Zw2Tm5P6q3LiZsVskv2ySFxyBlpkWtyQ9qEk2fyQl7Jm/VufVpf1vfvaMmaaHbIVJTKP8Bgru4=</latexit>

✓ = 2, 1, 0, �1, . . .

IR: 1 relevant
<latexit sha1_base64="jTiUZRumDGAZstR0Hv7JQmwgME0=">AAACS3icbVDJSgNBEO2JRmPcEj16aQyCBw0zGpeLEPTiMYJZIAmhp6fiNOlZ6K4RwpAP8Gu86kf4AX6HN/FgZzmYxIIqHq/qUVXPjaXQaNufVmZlNbu2ntvIb25t7+wWinsNHSWKQ51HMlItl2mQIoQ6CpTQihWwwJXQdAd3437zGZQWUfiIwxi6AXsKRV9whobqFUod9AEZvaHOCe3Q02k9n9QLU70ItZmyy/Yk6DJwZqBEZlHrFa2CEfIkgBC5ZFq3HTvGbsoUCi5hlO8kGmLGB+wJ2gaGLADdTSffjOiRYTzaj5TJEOmE/atIWaD1MHDNZMDQ14u9MflvT5tTfPDm1qexP9SC63nS0+PVC3di/7qbijBOEEI+PbOfSIoRHRtLPaGAoxwawLgS5lPKfaYYR2N/3njoLDq2DBpnZeeyXHmolKq3Mzdz5IAckmPikCtSJfekRuqEkxfySt7Iu/VhfVnf1s90NGPNNPtkLjLZX8OEr2I=</latexit>

✓ = 1, �1, �3, �5, . . .
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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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⇤<latexit sha1_base64="8FAe7mr1VQ7FU5ECck+EYVwFa/g=">AAACCnicbVDLSsNAFL2pr1pfqS7dBIvgqiQi6LLoxoVCBfuAJpTJdNIOnZmEmYlSQv7AX3Cre3fi1p9w65c4bbPQ1gMXDufcw72cMGFUadf9skorq2vrG+XNytb2zu6eXd1vqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOr6Z+54FIRWNxrycJCTgaChpRjLSR+nbVjyTC2W2e+TcmNUB53665dXcGZ5l4BalBgWbf/vYHMU45ERozpFTPcxMdZEhqihnJK36qSILwGA1Jz1CBOFFBNns9d46NMnCiWJoR2pmpvxMZ4kpNeGg2OdIjtehNxX+9kC9c1tFFkFGRpJoIPD8cpczRsTPtxRlQSbBmE0MQltT87uARMt1o017FlOItVrBM2qd1z617d2e1xmVRTxkO4QhOwINzaMA1NKEFGB7hGV7g1Xqy3qx362O+WrKKzAH8gfX5AyWRms0=</latexit><latexit sha1_base64="8FAe7mr1VQ7FU5ECck+EYVwFa/g=">AAACCnicbVDLSsNAFL2pr1pfqS7dBIvgqiQi6LLoxoVCBfuAJpTJdNIOnZmEmYlSQv7AX3Cre3fi1p9w65c4bbPQ1gMXDufcw72cMGFUadf9skorq2vrG+XNytb2zu6eXd1vqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOr6Z+54FIRWNxrycJCTgaChpRjLSR+nbVjyTC2W2e+TcmNUB53665dXcGZ5l4BalBgWbf/vYHMU45ERozpFTPcxMdZEhqihnJK36qSILwGA1Jz1CBOFFBNns9d46NMnCiWJoR2pmpvxMZ4kpNeGg2OdIjtehNxX+9kC9c1tFFkFGRpJoIPD8cpczRsTPtxRlQSbBmE0MQltT87uARMt1o017FlOItVrBM2qd1z617d2e1xmVRTxkO4QhOwINzaMA1NKEFGB7hGV7g1Xqy3qx362O+WrKKzAH8gfX5AyWRms0=</latexit><latexit sha1_base64="8FAe7mr1VQ7FU5ECck+EYVwFa/g=">AAACCnicbVDLSsNAFL2pr1pfqS7dBIvgqiQi6LLoxoVCBfuAJpTJdNIOnZmEmYlSQv7AX3Cre3fi1p9w65c4bbPQ1gMXDufcw72cMGFUadf9skorq2vrG+XNytb2zu6eXd1vqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOr6Z+54FIRWNxrycJCTgaChpRjLSR+nbVjyTC2W2e+TcmNUB53665dXcGZ5l4BalBgWbf/vYHMU45ERozpFTPcxMdZEhqihnJK36qSILwGA1Jz1CBOFFBNns9d46NMnCiWJoR2pmpvxMZ4kpNeGg2OdIjtehNxX+9kC9c1tFFkFGRpJoIPD8cpczRsTPtxRlQSbBmE0MQltT87uARMt1o017FlOItVrBM2qd1z617d2e1xmVRTxkO4QhOwINzaMA1NKEFGB7hGV7g1Xqy3qx362O+WrKKzAH8gfX5AyWRms0=</latexit><latexit sha1_base64="8FAe7mr1VQ7FU5ECck+EYVwFa/g=">AAACCnicbVDLSsNAFL2pr1pfqS7dBIvgqiQi6LLoxoVCBfuAJpTJdNIOnZmEmYlSQv7AX3Cre3fi1p9w65c4bbPQ1gMXDufcw72cMGFUadf9skorq2vrG+XNytb2zu6eXd1vqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOr6Z+54FIRWNxrycJCTgaChpRjLSR+nbVjyTC2W2e+TcmNUB53665dXcGZ5l4BalBgWbf/vYHMU45ERozpFTPcxMdZEhqihnJK36qSILwGA1Jz1CBOFFBNns9d46NMnCiWJoR2pmpvxMZ4kpNeGg2OdIjtehNxX+9kC9c1tFFkFGRpJoIPD8cpczRsTPtxRlQSbBmE0MQltT87uARMt1o017FlOItVrBM2qd1z617d2e1xmVRTxkO4QhOwINzaMA1NKEFGB7hGV7g1Xqy3qx362O+WrKKzAH8gfX5AyWRms0=</latexit>

��2
<latexit sha1_base64="FVf4sIhYfDFxT+5fx18ZbtVq7Lc=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVZIi6LLoxmUF+4AmhMlk0g6dTMLMTaGEfoG/4Fb37sStX+HWL3HaZqGtBy4czrmHezlhJrgGx/myKhubW9s71d3a3v7B4ZF9fNLVaa4o69BUpKofEs0El6wDHATrZ4qRJBSsF47v5n5vwpTmqXyEacb8hAwljzklYKTAtr2ICSDYEyYTkaAZ2HWn4SyA14lbkjoq0Q7sby9KaZ4wCVQQrQeuk4FfEAWcCjareblmGaFjMmQDQyVJmPaLxeczfGGUCMepMiMBL9TfiYIkWk+T0GwmBEZ61ZuL/3phsnIZ4hu/4DLLgUm6PBznAkOK57XgiCtGQUwNIVRx8zumI6IIBVNezZTirlawTrrNhus03Iereuu2rKeKztA5ukQuukYtdI/aqIMomqBn9IJerSfrzXq3PparFavMnKI/sD5/AGYqmcU=</latexit><latexit sha1_base64="FVf4sIhYfDFxT+5fx18ZbtVq7Lc=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVZIi6LLoxmUF+4AmhMlk0g6dTMLMTaGEfoG/4Fb37sStX+HWL3HaZqGtBy4czrmHezlhJrgGx/myKhubW9s71d3a3v7B4ZF9fNLVaa4o69BUpKofEs0El6wDHATrZ4qRJBSsF47v5n5vwpTmqXyEacb8hAwljzklYKTAtr2ICSDYEyYTkaAZ2HWn4SyA14lbkjoq0Q7sby9KaZ4wCVQQrQeuk4FfEAWcCjareblmGaFjMmQDQyVJmPaLxeczfGGUCMepMiMBL9TfiYIkWk+T0GwmBEZ61ZuL/3phsnIZ4hu/4DLLgUm6PBznAkOK57XgiCtGQUwNIVRx8zumI6IIBVNezZTirlawTrrNhus03Iereuu2rKeKztA5ukQuukYtdI/aqIMomqBn9IJerSfrzXq3PparFavMnKI/sD5/AGYqmcU=</latexit><latexit sha1_base64="FVf4sIhYfDFxT+5fx18ZbtVq7Lc=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVZIi6LLoxmUF+4AmhMlk0g6dTMLMTaGEfoG/4Fb37sStX+HWL3HaZqGtBy4czrmHezlhJrgGx/myKhubW9s71d3a3v7B4ZF9fNLVaa4o69BUpKofEs0El6wDHATrZ4qRJBSsF47v5n5vwpTmqXyEacb8hAwljzklYKTAtr2ICSDYEyYTkaAZ2HWn4SyA14lbkjoq0Q7sby9KaZ4wCVQQrQeuk4FfEAWcCjareblmGaFjMmQDQyVJmPaLxeczfGGUCMepMiMBL9TfiYIkWk+T0GwmBEZ61ZuL/3phsnIZ4hu/4DLLgUm6PBznAkOK57XgiCtGQUwNIVRx8zumI6IIBVNezZTirlawTrrNhus03Iereuu2rKeKztA5ukQuukYtdI/aqIMomqBn9IJerSfrzXq3PparFavMnKI/sD5/AGYqmcU=</latexit><latexit sha1_base64="FVf4sIhYfDFxT+5fx18ZbtVq7Lc=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVZIi6LLoxmUF+4AmhMlk0g6dTMLMTaGEfoG/4Fb37sStX+HWL3HaZqGtBy4czrmHezlhJrgGx/myKhubW9s71d3a3v7B4ZF9fNLVaa4o69BUpKofEs0El6wDHATrZ4qRJBSsF47v5n5vwpTmqXyEacb8hAwljzklYKTAtr2ICSDYEyYTkaAZ2HWn4SyA14lbkjoq0Q7sby9KaZ4wCVQQrQeuk4FfEAWcCjareblmGaFjMmQDQyVJmPaLxeczfGGUCMepMiMBL9TfiYIkWk+T0GwmBEZ61ZuL/3phsnIZ4hu/4DLLgUm6PBznAkOK57XgiCtGQUwNIVRx8zumI6IIBVNezZTirlawTrrNhus03Iereuu2rKeKztA5ukQuukYtdI/aqIMomqBn9IJerSfrzXq3PparFavMnKI/sD5/AGYqmcU=</latexit>

non-chiral

chiral

massless phasemassive phase

�3 = 0
<latexit sha1_base64="pzoKLzhvgXb5II8A0Ph7sFzdt1U=">AAACAnicbVC7SgNBFL0bXzG+opY2g0GwCrsqaCMEbSwjmAckS5idnU2GzGOZmRVCSOcv2GpvJ7b+iK1f4iTZQhMPXDiccy73cqKUM2N9/8srrKyurW8UN0tb2zu7e+X9g6ZRmSa0QRRXuh1hQzmTtGGZ5bSdaopFxGkrGt5O/dYj1YYp+WBHKQ0F7kuWMIKtkzpd7qIx7p1f+71yxa/6M6BlEuSkAjnqvfJ3N1YkE1RawrExncBPbTjG2jLC6aTUzQxNMRniPu04KrGgJhzPXp6gE6fEKFHajbRopv7eGGNhzEhELimwHZhFbyr+60Vi4bJNrsIxk2lmqSTzw0nGkVVo2geKmabE8pEjmGjmfkdkgDUm1rVWcqUEixUsk+ZZNfCrwf1FpXaT11OEIziGUwjgEmpwB3VoAAEFz/ACr96T9+a9ex/zaMHLdw7hD7zPH8znl0o=</latexit><latexit sha1_base64="pzoKLzhvgXb5II8A0Ph7sFzdt1U=">AAACAnicbVC7SgNBFL0bXzG+opY2g0GwCrsqaCMEbSwjmAckS5idnU2GzGOZmRVCSOcv2GpvJ7b+iK1f4iTZQhMPXDiccy73cqKUM2N9/8srrKyurW8UN0tb2zu7e+X9g6ZRmSa0QRRXuh1hQzmTtGGZ5bSdaopFxGkrGt5O/dYj1YYp+WBHKQ0F7kuWMIKtkzpd7qIx7p1f+71yxa/6M6BlEuSkAjnqvfJ3N1YkE1RawrExncBPbTjG2jLC6aTUzQxNMRniPu04KrGgJhzPXp6gE6fEKFHajbRopv7eGGNhzEhELimwHZhFbyr+60Vi4bJNrsIxk2lmqSTzw0nGkVVo2geKmabE8pEjmGjmfkdkgDUm1rVWcqUEixUsk+ZZNfCrwf1FpXaT11OEIziGUwjgEmpwB3VoAAEFz/ACr96T9+a9ex/zaMHLdw7hD7zPH8znl0o=</latexit><latexit sha1_base64="pzoKLzhvgXb5II8A0Ph7sFzdt1U=">AAACAnicbVC7SgNBFL0bXzG+opY2g0GwCrsqaCMEbSwjmAckS5idnU2GzGOZmRVCSOcv2GpvJ7b+iK1f4iTZQhMPXDiccy73cqKUM2N9/8srrKyurW8UN0tb2zu7e+X9g6ZRmSa0QRRXuh1hQzmTtGGZ5bSdaopFxGkrGt5O/dYj1YYp+WBHKQ0F7kuWMIKtkzpd7qIx7p1f+71yxa/6M6BlEuSkAjnqvfJ3N1YkE1RawrExncBPbTjG2jLC6aTUzQxNMRniPu04KrGgJhzPXp6gE6fEKFHajbRopv7eGGNhzEhELimwHZhFbyr+60Vi4bJNrsIxk2lmqSTzw0nGkVVo2geKmabE8pEjmGjmfkdkgDUm1rVWcqUEixUsk+ZZNfCrwf1FpXaT11OEIziGUwjgEmpwB3VoAAEFz/ACr96T9+a9ex/zaMHLdw7hD7zPH8znl0o=</latexit><latexit sha1_base64="pzoKLzhvgXb5II8A0Ph7sFzdt1U=">AAACAnicbVC7SgNBFL0bXzG+opY2g0GwCrsqaCMEbSwjmAckS5idnU2GzGOZmRVCSOcv2GpvJ7b+iK1f4iTZQhMPXDiccy73cqKUM2N9/8srrKyurW8UN0tb2zu7e+X9g6ZRmSa0QRRXuh1hQzmTtGGZ5bSdaopFxGkrGt5O/dYj1YYp+WBHKQ0F7kuWMIKtkzpd7qIx7p1f+71yxa/6M6BlEuSkAjnqvfJ3N1YkE1RawrExncBPbTjG2jLC6aTUzQxNMRniPu04KrGgJhzPXp6gE6fEKFHajbRopv7eGGNhzEhELimwHZhFbyr+60Vi4bJNrsIxk2lmqSTzw0nGkVVo2geKmabE8pEjmGjmfkdkgDUm1rVWcqUEixUsk+ZZNfCrwf1FpXaT11OEIziGUwjgEmpwB3VoAAEFz/ACr96T9+a9ex/zaMHLdw7hD7zPH8znl0o=</latexit>

|�3| < �crit
3

<latexit sha1_base64="jE4qYzLHU99YH00mgPnAMbDf8dk=">AAACGXicbZBPS8MwGMbT+W/Of1WPXoJD8DRaFfTgYejF4wS3CessaZpuYUlaklQY3a5+Cb+CV717E6+evPpJTLciuvlA4MfzvC8veYKEUaUd59MqLSwuLa+UVytr6xubW/b2TkvFqcSkiWMWy9sAKcKoIE1NNSO3iSSIB4y0g8FlnrfviVQ0Fjd6mJAuRz1BI4qRNpZvw5HHzHSI/OPR+Q/eZZ7kEEuqx75ddWrORHAe3AKqoFDDt7+8MMYpJ0JjhpTquE6iuxmSmmJGxhUvVSRBeIB6pGNQIE5UN5v8ZAwPjBPCKJbmCQ0n7u+NDHGlhjwwkxzpvprNcvPfLOAzl3V01s2oSFJNBJ4ejlIGdQzzmmBIJcGaDQ2gvAeKIe4jibA2ZVZMKe5sBfPQOqq5Ts29PqnWL4p6ymAP7IND4IJTUAdXoAGaAIMH8ASewYv1aL1ab9b7dLRkFTu74I+sj29bgKDG</latexit><latexit sha1_base64="jE4qYzLHU99YH00mgPnAMbDf8dk=">AAACGXicbZBPS8MwGMbT+W/Of1WPXoJD8DRaFfTgYejF4wS3CessaZpuYUlaklQY3a5+Cb+CV717E6+evPpJTLciuvlA4MfzvC8veYKEUaUd59MqLSwuLa+UVytr6xubW/b2TkvFqcSkiWMWy9sAKcKoIE1NNSO3iSSIB4y0g8FlnrfviVQ0Fjd6mJAuRz1BI4qRNpZvw5HHzHSI/OPR+Q/eZZ7kEEuqx75ddWrORHAe3AKqoFDDt7+8MMYpJ0JjhpTquE6iuxmSmmJGxhUvVSRBeIB6pGNQIE5UN5v8ZAwPjBPCKJbmCQ0n7u+NDHGlhjwwkxzpvprNcvPfLOAzl3V01s2oSFJNBJ4ejlIGdQzzmmBIJcGaDQ2gvAeKIe4jibA2ZVZMKe5sBfPQOqq5Ts29PqnWL4p6ymAP7IND4IJTUAdXoAGaAIMH8ASewYv1aL1ab9b7dLRkFTu74I+sj29bgKDG</latexit><latexit sha1_base64="jE4qYzLHU99YH00mgPnAMbDf8dk=">AAACGXicbZBPS8MwGMbT+W/Of1WPXoJD8DRaFfTgYejF4wS3CessaZpuYUlaklQY3a5+Cb+CV717E6+evPpJTLciuvlA4MfzvC8veYKEUaUd59MqLSwuLa+UVytr6xubW/b2TkvFqcSkiWMWy9sAKcKoIE1NNSO3iSSIB4y0g8FlnrfviVQ0Fjd6mJAuRz1BI4qRNpZvw5HHzHSI/OPR+Q/eZZ7kEEuqx75ddWrORHAe3AKqoFDDt7+8MMYpJ0JjhpTquE6iuxmSmmJGxhUvVSRBeIB6pGNQIE5UN5v8ZAwPjBPCKJbmCQ0n7u+NDHGlhjwwkxzpvprNcvPfLOAzl3V01s2oSFJNBJ4ejlIGdQzzmmBIJcGaDQ2gvAeKIe4jibA2ZVZMKe5sBfPQOqq5Ts29PqnWL4p6ymAP7IND4IJTUAdXoAGaAIMH8ASewYv1aL1ab9b7dLRkFTu74I+sj29bgKDG</latexit><latexit sha1_base64="jE4qYzLHU99YH00mgPnAMbDf8dk=">AAACGXicbZBPS8MwGMbT+W/Of1WPXoJD8DRaFfTgYejF4wS3CessaZpuYUlaklQY3a5+Cb+CV717E6+evPpJTLciuvlA4MfzvC8veYKEUaUd59MqLSwuLa+UVytr6xubW/b2TkvFqcSkiWMWy9sAKcKoIE1NNSO3iSSIB4y0g8FlnrfviVQ0Fjd6mJAuRz1BI4qRNpZvw5HHzHSI/OPR+Q/eZZ7kEEuqx75ddWrORHAe3AKqoFDDt7+8MMYpJ0JjhpTquE6iuxmSmmJGxhUvVSRBeIB6pGNQIE5UN5v8ZAwPjBPCKJbmCQ0n7u+NDHGlhjwwkxzpvprNcvPfLOAzl3V01s2oSFJNBJ4ejlIGdQzzmmBIJcGaDQ2gvAeKIe4jibA2ZVZMKe5sBfPQOqq5Ts29PqnWL4p6ymAP7IND4IJTUAdXoAGaAIMH8ASewYv1aL1ab9b7dLRkFTu74I+sj29bgKDG</latexit>

|�3| = �crit
3

<latexit sha1_base64="rWGbXX5MPpc+G7opf6EGFHZ4j4A=">AAACGXicbZBPS8MwGMbT+W/Of1WPXoJD8DRaFfQiDL14nOA2YZ0lTdMtLElLkgqj29Uv4Vfwqndv4tWTVz+J6VZENx8I/Hie9+UlT5AwqrTjfFqlhcWl5ZXyamVtfWNzy97eaak4lZg0ccxieRsgRRgVpKmpZuQ2kQTxgJF2MLjM8/Y9kYrG4kYPE9LlqCdoRDHSxvJtOPKYmQ6Rfzw6/8G7zJMcYkn12LerTs2ZCM6DW0AVFGr49pcXxjjlRGjMkFId10l0N0NSU8zIuOKliiQID1CPdAwKxInqZpOfjOGBcUIYxdI8oeHE/b2RIa7UkAdmkiPdV7NZbv6bBXzmso7OuhkVSaqJwNPDUcqgjmFeEwypJFizoQGU90AxxH0kEdamzIopxZ2tYB5aRzXXqbnXJ9X6RVFPGeyBfXAIXHAK6uAKNEATYPAAnsAzeLEerVfrzXqfjpasYmcX/JH18Q1dKKDH</latexit><latexit sha1_base64="rWGbXX5MPpc+G7opf6EGFHZ4j4A=">AAACGXicbZBPS8MwGMbT+W/Of1WPXoJD8DRaFfQiDL14nOA2YZ0lTdMtLElLkgqj29Uv4Vfwqndv4tWTVz+J6VZENx8I/Hie9+UlT5AwqrTjfFqlhcWl5ZXyamVtfWNzy97eaak4lZg0ccxieRsgRRgVpKmpZuQ2kQTxgJF2MLjM8/Y9kYrG4kYPE9LlqCdoRDHSxvJtOPKYmQ6Rfzw6/8G7zJMcYkn12LerTs2ZCM6DW0AVFGr49pcXxjjlRGjMkFId10l0N0NSU8zIuOKliiQID1CPdAwKxInqZpOfjOGBcUIYxdI8oeHE/b2RIa7UkAdmkiPdV7NZbv6bBXzmso7OuhkVSaqJwNPDUcqgjmFeEwypJFizoQGU90AxxH0kEdamzIopxZ2tYB5aRzXXqbnXJ9X6RVFPGeyBfXAIXHAK6uAKNEATYPAAnsAzeLEerVfrzXqfjpasYmcX/JH18Q1dKKDH</latexit><latexit sha1_base64="rWGbXX5MPpc+G7opf6EGFHZ4j4A=">AAACGXicbZBPS8MwGMbT+W/Of1WPXoJD8DRaFfQiDL14nOA2YZ0lTdMtLElLkgqj29Uv4Vfwqndv4tWTVz+J6VZENx8I/Hie9+UlT5AwqrTjfFqlhcWl5ZXyamVtfWNzy97eaak4lZg0ccxieRsgRRgVpKmpZuQ2kQTxgJF2MLjM8/Y9kYrG4kYPE9LlqCdoRDHSxvJtOPKYmQ6Rfzw6/8G7zJMcYkn12LerTs2ZCM6DW0AVFGr49pcXxjjlRGjMkFId10l0N0NSU8zIuOKliiQID1CPdAwKxInqZpOfjOGBcUIYxdI8oeHE/b2RIa7UkAdmkiPdV7NZbv6bBXzmso7OuhkVSaqJwNPDUcqgjmFeEwypJFizoQGU90AxxH0kEdamzIopxZ2tYB5aRzXXqbnXJ9X6RVFPGeyBfXAIXHAK6uAKNEATYPAAnsAzeLEerVfrzXqfjpasYmcX/JH18Q1dKKDH</latexit><latexit sha1_base64="rWGbXX5MPpc+G7opf6EGFHZ4j4A=">AAACGXicbZBPS8MwGMbT+W/Of1WPXoJD8DRaFfQiDL14nOA2YZ0lTdMtLElLkgqj29Uv4Vfwqndv4tWTVz+J6VZENx8I/Hie9+UlT5AwqrTjfFqlhcWl5ZXyamVtfWNzy97eaak4lZg0ccxieRsgRRgVpKmpZuQ2kQTxgJF2MLjM8/Y9kYrG4kYPE9LlqCdoRDHSxvJtOPKYmQ6Rfzw6/8G7zJMcYkn12LerTs2ZCM6DW0AVFGr49pcXxjjlRGjMkFId10l0N0NSU8zIuOKliiQID1CPdAwKxInqZpOfjOGBcUIYxdI8oeHE/b2RIa7UkAdmkiPdV7NZbv6bBXzmso7OuhkVSaqJwNPDUcqgjmFeEwypJFizoQGU90AxxH0kEdamzIopxZ2tYB5aRzXXqbnXJ9X6RVFPGeyBfXAIXHAK6uAKNEATYPAAnsAzeLEerVfrzXqfjpasYmcX/JH18Q1dKKDH</latexit>



Endpoints
<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)



Endpoints

<latexit sha1_base64="tmkjcS5kDwg1DhBLkDiP2+/oPXk=">AAACHHicbZDLSsNAFIYn9VbrLepSkMEiVhclkaJuhIIbN0IVe4EmhMlk2g6ZTMLMpFBCdz6HD+BWH8GduBV8Al/DaZuFVn8Y+PnPOZw5n58wKpVlfRqFhcWl5ZXiamltfWNzy9zeack4FZg0ccxi0fGRJIxy0lRUMdJJBEGRz0jbD68m9faQCEljfq9GCXEj1Oe0RzFSOvLM/Rt4CR1GIy8LHRVDawxDODzyTmAFWvDYM8tW1ZoK/jV2bsogV8Mzv5wgxmlEuMIMSdm1rUS5GRKKYkbGJSeVJEE4RH3S1ZajiEg3m94xhoc6CWAvFvpxBafpz4kMRVKOIl93RkgN5HxtEv5bk/orAxLMrVe9CzejPEkV4Xi2vZcyqClMSMGACoIVG2mDsKD6AIgHSCCsNM+SJmPPc/hrWqdV+6xau62V63c5oyLYAwegAmxwDurgGjRAE2DwAJ7AM3gxHo1X4814n7UWjHxmF/yS8fENwcefNA==</latexit>

M = lim
k!0

kv0⇤(0)

Physical fermion mass

<latexit sha1_base64="Ip4jOGMpagFrSKgdeZIHZY1sPxk="></latexit>�
�⇤
3 � �crit

3

�
M = 0

satisfies gap equation

<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, in preparation]



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

�⇤
3 = �crit

3
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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)
<latexit sha1_base64="FzpvcDB05owO0JpDj7KlHA+w9+4=">AAACDXicbVDLSsNAFL3xWeujUZduBosgLkqiRd0IBTcuq9gHtDFMJpN26GQSZiZCKf0GP8CtfoI7ces3+AX+htM2C209MHA451zunROknCntOF/W0vLK6tp6YaO4ubW9U7J395oqySShDZLwRLYDrChngjY005y2U0lxHHDaCgbXE7/1SKViibjXw5R6Me4JFjGCtZF8u9TlJhxi/+zhBF0hx7fLTsWZAi0SNydlyFH37e9umJAspkITjpXquE6qvRGWmhFOx8VupmiKyQD3aMdQgWOqvNH08DE6MkqIokSaJzSaqr8nRjhWahgHJhlj3Vfz3kT811PmlD4N59br6NIbMZFmmgoy2x5lHOkETapBIZOUaD40BBPJzAcQ6WOJiTYFFk0z7nwPi6R5WnHPK9Xbarl2l3dUgAM4hGNw4QJqcAN1aACBDJ7hBV6tJ+vNerc+ZtElK5/Zhz+wPn8A9Cuatw==</latexit>

�⇤
3 = 0

Endpoints

<latexit sha1_base64="tmkjcS5kDwg1DhBLkDiP2+/oPXk=">AAACHHicbZDLSsNAFIYn9VbrLepSkMEiVhclkaJuhIIbN0IVe4EmhMlk2g6ZTMLMpFBCdz6HD+BWH8GduBV8Al/DaZuFVn8Y+PnPOZw5n58wKpVlfRqFhcWl5ZXiamltfWNzy9zeack4FZg0ccxi0fGRJIxy0lRUMdJJBEGRz0jbD68m9faQCEljfq9GCXEj1Oe0RzFSOvLM/Rt4CR1GIy8LHRVDawxDODzyTmAFWvDYM8tW1ZoK/jV2bsogV8Mzv5wgxmlEuMIMSdm1rUS5GRKKYkbGJSeVJEE4RH3S1ZajiEg3m94xhoc6CWAvFvpxBafpz4kMRVKOIl93RkgN5HxtEv5bk/orAxLMrVe9CzejPEkV4Xi2vZcyqClMSMGACoIVG2mDsKD6AIgHSCCsNM+SJmPPc/hrWqdV+6xau62V63c5oyLYAwegAmxwDurgGjRAE2DwAJ7AM3gxHo1X4814n7UWjHxmF/yS8fENwcefNA==</latexit>

M = lim
k!0

kv0⇤(0)

Physical fermion mass

<latexit sha1_base64="Ip4jOGMpagFrSKgdeZIHZY1sPxk="></latexit>�
�⇤
3 � �crit

3

�
M = 0

satisfies gap equation

spontaneous breaking of scale invariance
[CCH, Litim, in preparation]
cf. O(N) model:

[Bander, Bardeen, Moshe, PRL ’83]

[David, Kessler, Neuberger, PRL ’85]



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

�⇤
3 = �crit

3
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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)
<latexit sha1_base64="FzpvcDB05owO0JpDj7KlHA+w9+4=">AAACDXicbVDLSsNAFL3xWeujUZduBosgLkqiRd0IBTcuq9gHtDFMJpN26GQSZiZCKf0GP8CtfoI7ces3+AX+htM2C209MHA451zunROknCntOF/W0vLK6tp6YaO4ubW9U7J395oqySShDZLwRLYDrChngjY005y2U0lxHHDaCgbXE7/1SKViibjXw5R6Me4JFjGCtZF8u9TlJhxi/+zhBF0hx7fLTsWZAi0SNydlyFH37e9umJAspkITjpXquE6qvRGWmhFOx8VupmiKyQD3aMdQgWOqvNH08DE6MkqIokSaJzSaqr8nRjhWahgHJhlj3Vfz3kT811PmlD4N59br6NIbMZFmmgoy2x5lHOkETapBIZOUaD40BBPJzAcQ6WOJiTYFFk0z7nwPi6R5WnHPK9Xbarl2l3dUgAM4hGNw4QJqcAN1aACBDJ7hBV6tJ+vNerc+ZtElK5/Zhz+wPn8A9Cuatw==</latexit>

�⇤
3 = 0

Endpoints

[CCH, Litim, in preparation]
cf. O(N) model:

[David, Kessler, Neuberger, PRL ’85]

Critical exponents
<latexit sha1_base64="dtmsJ0NFW+1tfCzGt4nYjZlyGSA=">AAACPnicbVDLSsNAFJ34rPWVKrhxM1gEVyUpRd0IRTcuK9gHNKFMJpNm6GQSZiZCiP0Zt/oR/oY/4E7cunTSZmFbD1w4nHMv997jJYxKZVkfxtr6xubWdmWnuru3f3Bo1o56Mk4FJl0cs1gMPCQJo5x0FVWMDBJBUOQx0vcmd4XffyJC0pg/qiwhboTGnAYUI6WlkXni8BTeQAexJEQFCQTCdnNk1q2GNQNcJXZJ6qBEZ1QzTMePcRoRrjBDUg5tK1FujoSimJFp1UklSRCeoDEZaspRRKSbzx6YwnOt+DCIhS6u4Ez9O5GjSMos8nRnhFQol71C/NeT+pSQ+Avr8yTMJMVyUfRlsXrpThVcuznlSaoIx/Mzg5RBFcMiS+hTQbBimSYIC6o/hThEOkClE6/qDO3lxFZJr9mwLxuth1a9fVumWQGn4AxcABtcgTa4Bx3QBRg8gxfwCt6Md+PT+DK+561rRjlzDBZg/PwCALKt2w==</latexit>

⌫ = ↵ =
1

2

<latexit sha1_base64="7bTnNX2HhtdwvlMvSoNfizx7YS0="></latexit>

⌫ =
1

3
↵ =

2

3

modified at endpoints



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

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

�⇤
3 = 0

Endpoints

[CCH, Litim, in preparation]
cf. O(N) model:

[David, Kessler, Neuberger, PRL ’85]

Critical exponents
<latexit sha1_base64="dtmsJ0NFW+1tfCzGt4nYjZlyGSA=">AAACPnicbVDLSsNAFJ34rPWVKrhxM1gEVyUpRd0IRTcuK9gHNKFMJpNm6GQSZiZCiP0Zt/oR/oY/4E7cunTSZmFbD1w4nHMv997jJYxKZVkfxtr6xubWdmWnuru3f3Bo1o56Mk4FJl0cs1gMPCQJo5x0FVWMDBJBUOQx0vcmd4XffyJC0pg/qiwhboTGnAYUI6WlkXni8BTeQAexJEQFCQTCdnNk1q2GNQNcJXZJ6qBEZ1QzTMePcRoRrjBDUg5tK1FujoSimJFp1UklSRCeoDEZaspRRKSbzx6YwnOt+DCIhS6u4Ez9O5GjSMos8nRnhFQol71C/NeT+pSQ+Avr8yTMJMVyUfRlsXrpThVcuznlSaoIx/Mzg5RBFcMiS+hTQbBimSYIC6o/hThEOkClE6/qDO3lxFZJr9mwLxuth1a9fVumWQGn4AxcABtcgTa4Bx3QBRg8gxfwCt6Md+PT+DK+561rRjlzDBZg/PwCALKt2w==</latexit>

⌫ = ↵ =
1

2

<latexit sha1_base64="7bTnNX2HhtdwvlMvSoNfizx7YS0="></latexit>

⌫ =
1

3
↵ =

2

3

modified at endpoints

violation of hyperscaling
<latexit sha1_base64="9ot/jdF+Hz4NxBPQv2bkqW5KKzs=">AAACPXicbVDLSsNAFJ3UV62vVHHlZrAILrQkpagboejGZQX7gCaUyWTSDJ1MwsxECKEf41Y/wu/wA9yJW7dO2i5s64GBwzn3cs8cL2FUKsv6MEpr6xubW+Xtys7u3v6BWT3syjgVmHRwzGLR95AkjHLSUVQx0k8EQZHHSM8b3xd+75kISWP+pLKEuBEacRpQjJSWhuaxD50L6PAU3sIGvIQOYkmIhmbNqltTwFViz0kNzNEeVg3T8WOcRoQrzJCUA9tKlJsjoShmZFJxUkkShMdoRAaachQR6ebT/BN4phUfBrHQjys4Vf9u5CiSMos8PRkhFcplrxD/9aSOEhJ/4XyehJmkWC6KvixOL+VUwY2bU56kinA8ixmkDKoYFlVCnwqCFcs0QVhQ/VOIQyQQVrrwiu7QXm5slXQbdfuq3nxs1lp38zbL4AScgnNgg2vQAg+gDToAgxy8gFfwZrwbn8aX8T0bLRnznSOwAOPnF+1ZrMQ=</latexit>

d ⌫ = 2� ↵
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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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��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>

II

III
Wilson-Fisher

U
V

-l
in

e

I 
II 
III

massless 
massive 
effective

Bosons 

<latexit sha1_base64="X1vYLqVw0LnCZZbSZRS5oQK/nQo="></latexit>

V ( ̄ ) ⇠ (�⇤2 + ��2) ( ̄ )
2 + �3( ̄ )

3
<latexit sha1_base64="pJpodqIO154P+G1c68AnwxVcEpo="></latexit>

U(�2) ⇠ ��2(�
2)2 + �3(�

2)3



Fermions & bosons

free

IR

II

-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

��2

�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, 1211.4843]

[Seiberg, Senthil, Wang, Witten, 1606.01989]



Outlook

Summary:


• Explicit breaking of parity opens up line of 6F fixed points at large-N


• Some theories exactly massless despite explicitly broken symmetry


• Qualitative and quantitative parallels with O(N) models, including fermionic BMB


Ongoing work:


• Counterpart fixed points in Yukawa models


• Boson-fermion correspondence from RG perspective


