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3d critical theories

3d critical bosons and  critical fermions 
relate to higher-spin gauge theories on AdS4

many applications in condensed matter physics
Dirac materials

AdS/CFT conjecture
Klebanov, Polyakov ’02

Sezgin, Sundell ’03
 

Giombi, Yin ‘12

Wilson-Fisher fixed points

CFT vs higher spin symmetry Maldacena, Zhiboedov ’11, ‘12

mass generation and symmetry breaking

Chern-Simons-matter dualities Aharony, Giombi, Gur-Ari, Maldacena, Yacoby, ‘12
Seiberg, Senthil, Wang, Witten, ‘16



today:
3d QFTs with strongly interacting FPs
and spontaneous scale symmetry breaking

 scalars O(N)

 Yukawa Gross-Neveu—Yukawa
fermions Gross-Neveu

based on 2207.10115, 2212.06815, 2311.16246 
and ongoing work with Charlie Cresswell-Hogg



recap: O(N) symmetric scalars

free UV fixed point
Wilson-Fisher IR fixed point

3d: super-renormalisable

exactly solvable at infinite N

main tool: functional RG Wilson ’71 
Polchinski ’84
Wetterich ‘92
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<latexit sha1_base64="bzCA7ceLBB1mBVKE0Px5H5Z7qHE=">AAACEHicbVC9TsMwGHTKXyl/AQYGFosKqTBUCUWCsYKFsUj0R2rSyHGc1qrjRLaDVEV9CV6BFXY2xMobsPIkOG0GaDnJ1unuPn32+QmjUlnWl1FaWV1b3yhvVra2d3b3zP2DjoxTgUkbxywWPR9JwignbUUVI71EEBT5jHT98W3udx+JkDTmD2qSEDdCQ05DipHSkmceOUyHA+Q1ak4yooPz/D4bNDyzatWtGeAysQtSBQVanvntBDFOI8IVZkjKvm0lys2QUBQzMq04qSQJwmM0JH1NOYqIdLPZB6bwVCsBDGOhD1dwpv6eyFAk5STydTJCaiQXvVz81/Ojhc0qvHYzypNUEY7ni8OUQRXDvB0YUEGwYhNNEBZUvx3iERIIK91hRZdiL1awTDoXdduq2/eX1eZNUU8ZHIMTUAM2uAJNcAdaoA0wmIJn8AJejSfjzXg3PubRklHMHII/MD5/APIUnCo=</latexit><latexit sha1_base64="bzCA7ceLBB1mBVKE0Px5H5Z7qHE=">AAACEHicbVC9TsMwGHTKXyl/AQYGFosKqTBUCUWCsYKFsUj0R2rSyHGc1qrjRLaDVEV9CV6BFXY2xMobsPIkOG0GaDnJ1unuPn32+QmjUlnWl1FaWV1b3yhvVra2d3b3zP2DjoxTgUkbxywWPR9JwignbUUVI71EEBT5jHT98W3udx+JkDTmD2qSEDdCQ05DipHSkmceOUyHA+Q1ak4yooPz/D4bNDyzatWtGeAysQtSBQVanvntBDFOI8IVZkjKvm0lys2QUBQzMq04qSQJwmM0JH1NOYqIdLPZB6bwVCsBDGOhD1dwpv6eyFAk5STydTJCaiQXvVz81/Ojhc0qvHYzypNUEY7ni8OUQRXDvB0YUEGwYhNNEBZUvx3iERIIK91hRZdiL1awTDoXdduq2/eX1eZNUU8ZHIMTUAM2uAJNcAdaoA0wmIJn8AJejSfjzXg3PubRklHMHII/MD5/APIUnCo=</latexit><latexit sha1_base64="bzCA7ceLBB1mBVKE0Px5H5Z7qHE=">AAACEHicbVC9TsMwGHTKXyl/AQYGFosKqTBUCUWCsYKFsUj0R2rSyHGc1qrjRLaDVEV9CV6BFXY2xMobsPIkOG0GaDnJ1unuPn32+QmjUlnWl1FaWV1b3yhvVra2d3b3zP2DjoxTgUkbxywWPR9JwignbUUVI71EEBT5jHT98W3udx+JkDTmD2qSEDdCQ05DipHSkmceOUyHA+Q1ak4yooPz/D4bNDyzatWtGeAysQtSBQVanvntBDFOI8IVZkjKvm0lys2QUBQzMq04qSQJwmM0JH1NOYqIdLPZB6bwVCsBDGOhD1dwpv6eyFAk5STydTJCaiQXvVz81/Ojhc0qvHYzypNUEY7ni8OUQRXDvB0YUEGwYhNNEBZUvx3iERIIK91hRZdiL1awTDoXdduq2/eX1eZNUU8ZHIMTUAM2uAJNcAdaoA0wmIJn8AJejSfjzXg3PubRklHMHII/MD5/APIUnCo=</latexit><latexit sha1_base64="bzCA7ceLBB1mBVKE0Px5H5Z7qHE=">AAACEHicbVC9TsMwGHTKXyl/AQYGFosKqTBUCUWCsYKFsUj0R2rSyHGc1qrjRLaDVEV9CV6BFXY2xMobsPIkOG0GaDnJ1unuPn32+QmjUlnWl1FaWV1b3yhvVra2d3b3zP2DjoxTgUkbxywWPR9JwignbUUVI71EEBT5jHT98W3udx+JkDTmD2qSEDdCQ05DipHSkmceOUyHA+Q1ak4yooPz/D4bNDyzatWtGeAysQtSBQVanvntBDFOI8IVZkjKvm0lys2QUBQzMq04qSQJwmM0JH1NOYqIdLPZB6bwVCsBDGOhD1dwpv6eyFAk5STydTJCaiQXvVz81/Ojhc0qvHYzypNUEY7ni8OUQRXDvB0YUEGwYhNNEBZUvx3iERIIK91hRZdiL1awTDoXdduq2/eX1eZNUU8ZHIMTUAM2uAJNcAdaoA0wmIJn8AJejSfjzXg3PubRklHMHII/MD5/APIUnCo=</latexit>



free

m2�⇤�
<latexit sha1_base64="TOVm10k7pLUYtpAMbE+JCBlk0xE=">AAACBXicbVA9SwNBEJ2LXzF+RS1tFoMgFuEuCFoGbSwjmA9ILmFvs5cs2d07dveEcKT2L9hqbye2/g5bf4l7yRWa+GCGx3szzPCCmDNtXPfLKaytb2xuFbdLO7t7+wflw6OWjhJFaJNEPFKdAGvKmaRNwwynnVhRLAJO28HkNvPbj1RpFskHM42pL/BIspARbKzUF/0a6sVj1r/I+qBccavuHGiVeDmpQI7GoPzdG0YkEVQawrHWXc+NjZ9iZRjhdFbqJZrGmEzwiHYtlVhQ7afzr2fozCpDFEbKljRorv7eSLHQeioCOymwGetlLxP/9QKxdNmE137KZJwYKsnicJhwZCKURYKGTFFi+NQSTBSzvyMyxgoTY4Mr2VC85QhWSatW9dyqd39Zqd/k8RThBE7hHDy4gjrcQQOaQEDBM7zAq/PkvDnvzsditODkO8fwB87nDxC+mIs=</latexit><latexit sha1_base64="TOVm10k7pLUYtpAMbE+JCBlk0xE=">AAACBXicbVA9SwNBEJ2LXzF+RS1tFoMgFuEuCFoGbSwjmA9ILmFvs5cs2d07dveEcKT2L9hqbye2/g5bf4l7yRWa+GCGx3szzPCCmDNtXPfLKaytb2xuFbdLO7t7+wflw6OWjhJFaJNEPFKdAGvKmaRNwwynnVhRLAJO28HkNvPbj1RpFskHM42pL/BIspARbKzUF/0a6sVj1r/I+qBccavuHGiVeDmpQI7GoPzdG0YkEVQawrHWXc+NjZ9iZRjhdFbqJZrGmEzwiHYtlVhQ7afzr2fozCpDFEbKljRorv7eSLHQeioCOymwGetlLxP/9QKxdNmE137KZJwYKsnicJhwZCKURYKGTFFi+NQSTBSzvyMyxgoTY4Mr2VC85QhWSatW9dyqd39Zqd/k8RThBE7hHDy4gjrcQQOaQEDBM7zAq/PkvDnvzsditODkO8fwB87nDxC+mIs=</latexit><latexit sha1_base64="TOVm10k7pLUYtpAMbE+JCBlk0xE=">AAACBXicbVA9SwNBEJ2LXzF+RS1tFoMgFuEuCFoGbSwjmA9ILmFvs5cs2d07dveEcKT2L9hqbye2/g5bf4l7yRWa+GCGx3szzPCCmDNtXPfLKaytb2xuFbdLO7t7+wflw6OWjhJFaJNEPFKdAGvKmaRNwwynnVhRLAJO28HkNvPbj1RpFskHM42pL/BIspARbKzUF/0a6sVj1r/I+qBccavuHGiVeDmpQI7GoPzdG0YkEVQawrHWXc+NjZ9iZRjhdFbqJZrGmEzwiHYtlVhQ7afzr2fozCpDFEbKljRorv7eSLHQeioCOymwGetlLxP/9QKxdNmE137KZJwYKsnicJhwZCKURYKGTFFi+NQSTBSzvyMyxgoTY4Mr2VC85QhWSatW9dyqd39Zqd/k8RThBE7hHDy4gjrcQQOaQEDBM7zAq/PkvDnvzsditODkO8fwB87nDxC+mIs=</latexit><latexit sha1_base64="TOVm10k7pLUYtpAMbE+JCBlk0xE=">AAACBXicbVA9SwNBEJ2LXzF+RS1tFoMgFuEuCFoGbSwjmA9ILmFvs5cs2d07dveEcKT2L9hqbye2/g5bf4l7yRWa+GCGx3szzPCCmDNtXPfLKaytb2xuFbdLO7t7+wflw6OWjhJFaJNEPFKdAGvKmaRNwwynnVhRLAJO28HkNvPbj1RpFskHM42pL/BIspARbKzUF/0a6sVj1r/I+qBccavuHGiVeDmpQI7GoPzdG0YkEVQawrHWXc+NjZ9iZRjhdFbqJZrGmEzwiHYtlVhQ7afzr2fozCpDFEbKljRorv7eSLHQeioCOymwGetlLxP/9QKxdNmE137KZJwYKsnicJhwZCKURYKGTFFi+NQSTBSzvyMyxgoTY4Mr2VC85QhWSatW9dyqd39Zqd/k8RThBE7hHDy4gjrcQQOaQEDBM7zAq/PkvDnvzsditODkO8fwB87nDxC+mIs=</latexit>

�(�⇤�)2
<latexit sha1_base64="Ehq9V850VlTgWUREl0gfjDgKPyY=">AAACD3icbVDLSgMxFM3UV62vUcGNm2ARqosyUwRdFt24rGAf0JmWTCbThiaZIckIpfYj/AW3uncnbv0Et36JmXYW2nog4XDOudzLCRJGlXacL6uwsrq2vlHcLG1t7+zu2fsHLRWnEpMmjlksOwFShFFBmppqRjqJJIgHjLSD0U3mtx+IVDQW93qcEJ+jgaARxUgbqW8fecyEQwQrXjKkvfPsP+vV+nbZqTozwGXi5qQMcjT69rcXxjjlRGjMkFJd10m0P0FSU8zItOSliiQIj9CAdA0ViBPlT2b3T+GpUUIYxdI8oeFM/T0xQVypMQ9MkiM9VIteJv7rBXxhs46u/AkVSaqJwPPFUcqgjmFWDgypJFizsSEIS2puh3iIJMLaVFgypbiLFSyTVq3qOlX37qJcv87rKYJjcAIqwAWXoA5uQQM0AQaP4Bm8gFfryXqz3q2PebRg5TOH4A+szx8OA5ut</latexit><latexit sha1_base64="Ehq9V850VlTgWUREl0gfjDgKPyY=">AAACD3icbVDLSgMxFM3UV62vUcGNm2ARqosyUwRdFt24rGAf0JmWTCbThiaZIckIpfYj/AW3uncnbv0Et36JmXYW2nog4XDOudzLCRJGlXacL6uwsrq2vlHcLG1t7+zu2fsHLRWnEpMmjlksOwFShFFBmppqRjqJJIgHjLSD0U3mtx+IVDQW93qcEJ+jgaARxUgbqW8fecyEQwQrXjKkvfPsP+vV+nbZqTozwGXi5qQMcjT69rcXxjjlRGjMkFJd10m0P0FSU8zItOSliiQIj9CAdA0ViBPlT2b3T+GpUUIYxdI8oeFM/T0xQVypMQ9MkiM9VIteJv7rBXxhs46u/AkVSaqJwPPFUcqgjmFWDgypJFizsSEIS2puh3iIJMLaVFgypbiLFSyTVq3qOlX37qJcv87rKYJjcAIqwAWXoA5uQQM0AQaP4Bm8gFfryXqz3q2PebRg5TOH4A+szx8OA5ut</latexit><latexit sha1_base64="Ehq9V850VlTgWUREl0gfjDgKPyY=">AAACD3icbVDLSgMxFM3UV62vUcGNm2ARqosyUwRdFt24rGAf0JmWTCbThiaZIckIpfYj/AW3uncnbv0Et36JmXYW2nog4XDOudzLCRJGlXacL6uwsrq2vlHcLG1t7+zu2fsHLRWnEpMmjlksOwFShFFBmppqRjqJJIgHjLSD0U3mtx+IVDQW93qcEJ+jgaARxUgbqW8fecyEQwQrXjKkvfPsP+vV+nbZqTozwGXi5qQMcjT69rcXxjjlRGjMkFJd10m0P0FSU8zItOSliiQIj9CAdA0ViBPlT2b3T+GpUUIYxdI8oeFM/T0xQVypMQ9MkiM9VIteJv7rBXxhs46u/AkVSaqJwPPFUcqgjmFWDgypJFizsSEIS2puh3iIJMLaVFgypbiLFSyTVq3qOlX37qJcv87rKYJjcAIqwAWXoA5uQQM0AQaP4Bm8gFfryXqz3q2PebRg5TOH4A+szx8OA5ut</latexit><latexit sha1_base64="Ehq9V850VlTgWUREl0gfjDgKPyY=">AAACD3icbVDLSgMxFM3UV62vUcGNm2ARqosyUwRdFt24rGAf0JmWTCbThiaZIckIpfYj/AW3uncnbv0Et36JmXYW2nog4XDOudzLCRJGlXacL6uwsrq2vlHcLG1t7+zu2fsHLRWnEpMmjlksOwFShFFBmppqRjqJJIgHjLSD0U3mtx+IVDQW93qcEJ+jgaARxUgbqW8fecyEQwQrXjKkvfPsP+vV+nbZqTozwGXi5qQMcjT69rcXxjjlRGjMkFJd10m0P0FSU8zItOSliiQIj9CAdA0ViBPlT2b3T+GpUUIYxdI8oeFM/T0xQVypMQ9MkiM9VIteJv7rBXxhs46u/AkVSaqJwPPFUcqgjmFWDgypJFizsSEIS2puh3iIJMLaVFgypbiLFSyTVq3qOlX37qJcv87rKYJjcAIqwAWXoA5uQQM0AQaP4Bm8gFfryXqz3q2PebRg5TOH4A+szx8OA5ut</latexit>

�n
(�
⇤ �)

n

<latexit sha1_base64="aaRU8/qMhcrhCRpsOBC/keOOEa8=">AAACEXicbVDLSgMxFL1TX7W+qm4EN8EiVBdlRgRdFt24rGAf0JmWTCbThmYyQ5IRSqk/4S+41b07cesXuPVLzLSz0OqBhMM553KT4yecKW3bn1ZhaXllda24XtrY3NreKe/utVScSkKbJOax7PhYUc4EbWqmOe0kkuLI57Ttj64zv31PpWKxuNPjhHoRHggWMoK1kfrlA5ebcID7AlXdZMh6p9l90jNWxa7ZM6C/xMlJBXI0+uUvN4hJGlGhCcdKdR070d4ES80Ip9OSmyqaYDLCA9o1VOCIKm8y+8EUHRslQGEszREazdSfExMcKTWOfJOMsB6qRS8T//X8aGGzDi+9CRNJqqkg88VhypGOUVYPCpikRPOxIZhIZt6OyBBLTLQpsWRKcRYr+EtaZzXHrjm355X6VV5PEQ7hCKrgwAXU4QYa0AQCD/AEz/BiPVqv1pv1Po8WrHxmH37B+vgGDK2cyg==</latexit><latexit sha1_base64="aaRU8/qMhcrhCRpsOBC/keOOEa8=">AAACEXicbVDLSgMxFL1TX7W+qm4EN8EiVBdlRgRdFt24rGAf0JmWTCbThmYyQ5IRSqk/4S+41b07cesXuPVLzLSz0OqBhMM553KT4yecKW3bn1ZhaXllda24XtrY3NreKe/utVScSkKbJOax7PhYUc4EbWqmOe0kkuLI57Ttj64zv31PpWKxuNPjhHoRHggWMoK1kfrlA5ebcID7AlXdZMh6p9l90jNWxa7ZM6C/xMlJBXI0+uUvN4hJGlGhCcdKdR070d4ES80Ip9OSmyqaYDLCA9o1VOCIKm8y+8EUHRslQGEszREazdSfExMcKTWOfJOMsB6qRS8T//X8aGGzDi+9CRNJqqkg88VhypGOUVYPCpikRPOxIZhIZt6OyBBLTLQpsWRKcRYr+EtaZzXHrjm355X6VV5PEQ7hCKrgwAXU4QYa0AQCD/AEz/BiPVqv1pv1Po8WrHxmH37B+vgGDK2cyg==</latexit><latexit sha1_base64="aaRU8/qMhcrhCRpsOBC/keOOEa8=">AAACEXicbVDLSgMxFL1TX7W+qm4EN8EiVBdlRgRdFt24rGAf0JmWTCbThmYyQ5IRSqk/4S+41b07cesXuPVLzLSz0OqBhMM553KT4yecKW3bn1ZhaXllda24XtrY3NreKe/utVScSkKbJOax7PhYUc4EbWqmOe0kkuLI57Ttj64zv31PpWKxuNPjhHoRHggWMoK1kfrlA5ebcID7AlXdZMh6p9l90jNWxa7ZM6C/xMlJBXI0+uUvN4hJGlGhCcdKdR070d4ES80Ip9OSmyqaYDLCA9o1VOCIKm8y+8EUHRslQGEszREazdSfExMcKTWOfJOMsB6qRS8T//X8aGGzDi+9CRNJqqkg88VhypGOUVYPCpikRPOxIZhIZt6OyBBLTLQpsWRKcRYr+EtaZzXHrjm355X6VV5PEQ7hCKrgwAXU4QYa0AQCD/AEz/BiPVqv1pv1Po8WrHxmH37B+vgGDK2cyg==</latexit><latexit sha1_base64="aaRU8/qMhcrhCRpsOBC/keOOEa8=">AAACEXicbVDLSgMxFL1TX7W+qm4EN8EiVBdlRgRdFt24rGAf0JmWTCbThmYyQ5IRSqk/4S+41b07cesXuPVLzLSz0OqBhMM553KT4yecKW3bn1ZhaXllda24XtrY3NreKe/utVScSkKbJOax7PhYUc4EbWqmOe0kkuLI57Ttj64zv31PpWKxuNPjhHoRHggWMoK1kfrlA5ebcID7AlXdZMh6p9l90jNWxa7ZM6C/xMlJBXI0+uUvN4hJGlGhCcdKdR070d4ES80Ip9OSmyqaYDLCA9o1VOCIKm8y+8EUHRslQGEszREazdSfExMcKTWOfJOMsB6qRS8T//X8aGGzDi+9CRNJqqkg88VhypGOUVYPCpikRPOxIZhIZt6OyBBLTLQpsWRKcRYr+EtaZzXHrjm355X6VV5PEQ7hCKrgwAXU4QYa0AQCD/AEz/BiPVqv1pv1Po8WrHxmH37B+vgGDK2cyg==</latexit>

�3(�
⇤�)3

<latexit sha1_base64="bzCA7ceLBB1mBVKE0Px5H5Z7qHE=">AAACEHicbVC9TsMwGHTKXyl/AQYGFosKqTBUCUWCsYKFsUj0R2rSyHGc1qrjRLaDVEV9CV6BFXY2xMobsPIkOG0GaDnJ1unuPn32+QmjUlnWl1FaWV1b3yhvVra2d3b3zP2DjoxTgUkbxywWPR9JwignbUUVI71EEBT5jHT98W3udx+JkDTmD2qSEDdCQ05DipHSkmceOUyHA+Q1ak4yooPz/D4bNDyzatWtGeAysQtSBQVanvntBDFOI8IVZkjKvm0lys2QUBQzMq04qSQJwmM0JH1NOYqIdLPZB6bwVCsBDGOhD1dwpv6eyFAk5STydTJCaiQXvVz81/Ojhc0qvHYzypNUEY7ni8OUQRXDvB0YUEGwYhNNEBZUvx3iERIIK91hRZdiL1awTDoXdduq2/eX1eZNUU8ZHIMTUAM2uAJNcAdaoA0wmIJn8AJejSfjzXg3PubRklHMHII/MD5/APIUnCo=</latexit><latexit sha1_base64="bzCA7ceLBB1mBVKE0Px5H5Z7qHE=">AAACEHicbVC9TsMwGHTKXyl/AQYGFosKqTBUCUWCsYKFsUj0R2rSyHGc1qrjRLaDVEV9CV6BFXY2xMobsPIkOG0GaDnJ1unuPn32+QmjUlnWl1FaWV1b3yhvVra2d3b3zP2DjoxTgUkbxywWPR9JwignbUUVI71EEBT5jHT98W3udx+JkDTmD2qSEDdCQ05DipHSkmceOUyHA+Q1ak4yooPz/D4bNDyzatWtGeAysQtSBQVanvntBDFOI8IVZkjKvm0lys2QUBQzMq04qSQJwmM0JH1NOYqIdLPZB6bwVCsBDGOhD1dwpv6eyFAk5STydTJCaiQXvVz81/Ojhc0qvHYzypNUEY7ni8OUQRXDvB0YUEGwYhNNEBZUvx3iERIIK91hRZdiL1awTDoXdduq2/eX1eZNUU8ZHIMTUAM2uAJNcAdaoA0wmIJn8AJejSfjzXg3PubRklHMHII/MD5/APIUnCo=</latexit><latexit sha1_base64="bzCA7ceLBB1mBVKE0Px5H5Z7qHE=">AAACEHicbVC9TsMwGHTKXyl/AQYGFosKqTBUCUWCsYKFsUj0R2rSyHGc1qrjRLaDVEV9CV6BFXY2xMobsPIkOG0GaDnJ1unuPn32+QmjUlnWl1FaWV1b3yhvVra2d3b3zP2DjoxTgUkbxywWPR9JwignbUUVI71EEBT5jHT98W3udx+JkDTmD2qSEDdCQ05DipHSkmceOUyHA+Q1ak4yooPz/D4bNDyzatWtGeAysQtSBQVanvntBDFOI8IVZkjKvm0lys2QUBQzMq04qSQJwmM0JH1NOYqIdLPZB6bwVCsBDGOhD1dwpv6eyFAk5STydTJCaiQXvVz81/Ojhc0qvHYzypNUEY7ni8OUQRXDvB0YUEGwYhNNEBZUvx3iERIIK91hRZdiL1awTDoXdduq2/eX1eZNUU8ZHIMTUAM2uAJNcAdaoA0wmIJn8AJejSfjzXg3PubRklHMHII/MD5/APIUnCo=</latexit><latexit sha1_base64="bzCA7ceLBB1mBVKE0Px5H5Z7qHE=">AAACEHicbVC9TsMwGHTKXyl/AQYGFosKqTBUCUWCsYKFsUj0R2rSyHGc1qrjRLaDVEV9CV6BFXY2xMobsPIkOG0GaDnJ1unuPn32+QmjUlnWl1FaWV1b3yhvVra2d3b3zP2DjoxTgUkbxywWPR9JwignbUUVI71EEBT5jHT98W3udx+JkDTmD2qSEDdCQ05DipHSkmceOUyHA+Q1ak4yooPz/D4bNDyzatWtGeAysQtSBQVanvntBDFOI8IVZkjKvm0lys2QUBQzMq04qSQJwmM0JH1NOYqIdLPZB6bwVCsBDGOhD1dwpv6eyFAk5STydTJCaiQXvVz81/Ojhc0qvHYzypNUEY7ni8OUQRXDvB0YUEGwYhNNEBZUvx3iERIIK91hRZdiL1awTDoXdduq2/eX1eZNUU8ZHIMTUAM2uAJNcAdaoA0wmIJn8AJejSfjzXg3PubRklHMHII/MD5/APIUnCo=</latexit>

interacting

“theory space”



“theory space”

interactions

m2�⇤�
<latexit sha1_base64="TOVm10k7pLUYtpAMbE+JCBlk0xE=">AAACBXicbVA9SwNBEJ2LXzF+RS1tFoMgFuEuCFoGbSwjmA9ILmFvs5cs2d07dveEcKT2L9hqbye2/g5bf4l7yRWa+GCGx3szzPCCmDNtXPfLKaytb2xuFbdLO7t7+wflw6OWjhJFaJNEPFKdAGvKmaRNwwynnVhRLAJO28HkNvPbj1RpFskHM42pL/BIspARbKzUF/0a6sVj1r/I+qBccavuHGiVeDmpQI7GoPzdG0YkEVQawrHWXc+NjZ9iZRjhdFbqJZrGmEzwiHYtlVhQ7afzr2fozCpDFEbKljRorv7eSLHQeioCOymwGetlLxP/9QKxdNmE137KZJwYKsnicJhwZCKURYKGTFFi+NQSTBSzvyMyxgoTY4Mr2VC85QhWSatW9dyqd39Zqd/k8RThBE7hHDy4gjrcQQOaQEDBM7zAq/PkvDnvzsditODkO8fwB87nDxC+mIs=</latexit><latexit sha1_base64="TOVm10k7pLUYtpAMbE+JCBlk0xE=">AAACBXicbVA9SwNBEJ2LXzF+RS1tFoMgFuEuCFoGbSwjmA9ILmFvs5cs2d07dveEcKT2L9hqbye2/g5bf4l7yRWa+GCGx3szzPCCmDNtXPfLKaytb2xuFbdLO7t7+wflw6OWjhJFaJNEPFKdAGvKmaRNwwynnVhRLAJO28HkNvPbj1RpFskHM42pL/BIspARbKzUF/0a6sVj1r/I+qBccavuHGiVeDmpQI7GoPzdG0YkEVQawrHWXc+NjZ9iZRjhdFbqJZrGmEzwiHYtlVhQ7afzr2fozCpDFEbKljRorv7eSLHQeioCOymwGetlLxP/9QKxdNmE137KZJwYKsnicJhwZCKURYKGTFFi+NQSTBSzvyMyxgoTY4Mr2VC85QhWSatW9dyqd39Zqd/k8RThBE7hHDy4gjrcQQOaQEDBM7zAq/PkvDnvzsditODkO8fwB87nDxC+mIs=</latexit><latexit sha1_base64="TOVm10k7pLUYtpAMbE+JCBlk0xE=">AAACBXicbVA9SwNBEJ2LXzF+RS1tFoMgFuEuCFoGbSwjmA9ILmFvs5cs2d07dveEcKT2L9hqbye2/g5bf4l7yRWa+GCGx3szzPCCmDNtXPfLKaytb2xuFbdLO7t7+wflw6OWjhJFaJNEPFKdAGvKmaRNwwynnVhRLAJO28HkNvPbj1RpFskHM42pL/BIspARbKzUF/0a6sVj1r/I+qBccavuHGiVeDmpQI7GoPzdG0YkEVQawrHWXc+NjZ9iZRjhdFbqJZrGmEzwiHYtlVhQ7afzr2fozCpDFEbKljRorv7eSLHQeioCOymwGetlLxP/9QKxdNmE137KZJwYKsnicJhwZCKURYKGTFFi+NQSTBSzvyMyxgoTY4Mr2VC85QhWSatW9dyqd39Zqd/k8RThBE7hHDy4gjrcQQOaQEDBM7zAq/PkvDnvzsditODkO8fwB87nDxC+mIs=</latexit><latexit sha1_base64="TOVm10k7pLUYtpAMbE+JCBlk0xE=">AAACBXicbVA9SwNBEJ2LXzF+RS1tFoMgFuEuCFoGbSwjmA9ILmFvs5cs2d07dveEcKT2L9hqbye2/g5bf4l7yRWa+GCGx3szzPCCmDNtXPfLKaytb2xuFbdLO7t7+wflw6OWjhJFaJNEPFKdAGvKmaRNwwynnVhRLAJO28HkNvPbj1RpFskHM42pL/BIspARbKzUF/0a6sVj1r/I+qBccavuHGiVeDmpQI7GoPzdG0YkEVQawrHWXc+NjZ9iZRjhdFbqJZrGmEzwiHYtlVhQ7afzr2fozCpDFEbKljRorv7eSLHQeioCOymwGetlLxP/9QKxdNmE137KZJwYKsnicJhwZCKURYKGTFFi+NQSTBSzvyMyxgoTY4Mr2VC85QhWSatW9dyqd39Zqd/k8RThBE7hHDy4gjrcQQOaQEDBM7zAq/PkvDnvzsditODkO8fwB87nDxC+mIs=</latexit>

�3(�
⇤�)3

<latexit sha1_base64="bzCA7ceLBB1mBVKE0Px5H5Z7qHE=">AAACEHicbVC9TsMwGHTKXyl/AQYGFosKqTBUCUWCsYKFsUj0R2rSyHGc1qrjRLaDVEV9CV6BFXY2xMobsPIkOG0GaDnJ1unuPn32+QmjUlnWl1FaWV1b3yhvVra2d3b3zP2DjoxTgUkbxywWPR9JwignbUUVI71EEBT5jHT98W3udx+JkDTmD2qSEDdCQ05DipHSkmceOUyHA+Q1ak4yooPz/D4bNDyzatWtGeAysQtSBQVanvntBDFOI8IVZkjKvm0lys2QUBQzMq04qSQJwmM0JH1NOYqIdLPZB6bwVCsBDGOhD1dwpv6eyFAk5STydTJCaiQXvVz81/Ojhc0qvHYzypNUEY7ni8OUQRXDvB0YUEGwYhNNEBZUvx3iERIIK91hRZdiL1awTDoXdduq2/eX1eZNUU8ZHIMTUAM2uAJNcAdaoA0wmIJn8AJejSfjzXg3PubRklHMHII/MD5/APIUnCo=</latexit><latexit sha1_base64="bzCA7ceLBB1mBVKE0Px5H5Z7qHE=">AAACEHicbVC9TsMwGHTKXyl/AQYGFosKqTBUCUWCsYKFsUj0R2rSyHGc1qrjRLaDVEV9CV6BFXY2xMobsPIkOG0GaDnJ1unuPn32+QmjUlnWl1FaWV1b3yhvVra2d3b3zP2DjoxTgUkbxywWPR9JwignbUUVI71EEBT5jHT98W3udx+JkDTmD2qSEDdCQ05DipHSkmceOUyHA+Q1ak4yooPz/D4bNDyzatWtGeAysQtSBQVanvntBDFOI8IVZkjKvm0lys2QUBQzMq04qSQJwmM0JH1NOYqIdLPZB6bwVCsBDGOhD1dwpv6eyFAk5STydTJCaiQXvVz81/Ojhc0qvHYzypNUEY7ni8OUQRXDvB0YUEGwYhNNEBZUvx3iERIIK91hRZdiL1awTDoXdduq2/eX1eZNUU8ZHIMTUAM2uAJNcAdaoA0wmIJn8AJejSfjzXg3PubRklHMHII/MD5/APIUnCo=</latexit><latexit sha1_base64="bzCA7ceLBB1mBVKE0Px5H5Z7qHE=">AAACEHicbVC9TsMwGHTKXyl/AQYGFosKqTBUCUWCsYKFsUj0R2rSyHGc1qrjRLaDVEV9CV6BFXY2xMobsPIkOG0GaDnJ1unuPn32+QmjUlnWl1FaWV1b3yhvVra2d3b3zP2DjoxTgUkbxywWPR9JwignbUUVI71EEBT5jHT98W3udx+JkDTmD2qSEDdCQ05DipHSkmceOUyHA+Q1ak4yooPz/D4bNDyzatWtGeAysQtSBQVanvntBDFOI8IVZkjKvm0lys2QUBQzMq04qSQJwmM0JH1NOYqIdLPZB6bwVCsBDGOhD1dwpv6eyFAk5STydTJCaiQXvVz81/Ojhc0qvHYzypNUEY7ni8OUQRXDvB0YUEGwYhNNEBZUvx3iERIIK91hRZdiL1awTDoXdduq2/eX1eZNUU8ZHIMTUAM2uAJNcAdaoA0wmIJn8AJejSfjzXg3PubRklHMHII/MD5/APIUnCo=</latexit><latexit sha1_base64="bzCA7ceLBB1mBVKE0Px5H5Z7qHE=">AAACEHicbVC9TsMwGHTKXyl/AQYGFosKqTBUCUWCsYKFsUj0R2rSyHGc1qrjRLaDVEV9CV6BFXY2xMobsPIkOG0GaDnJ1unuPn32+QmjUlnWl1FaWV1b3yhvVra2d3b3zP2DjoxTgUkbxywWPR9JwignbUUVI71EEBT5jHT98W3udx+JkDTmD2qSEDdCQ05DipHSkmceOUyHA+Q1ak4yooPz/D4bNDyzatWtGeAysQtSBQVanvntBDFOI8IVZkjKvm0lys2QUBQzMq04qSQJwmM0JH1NOYqIdLPZB6bwVCsBDGOhD1dwpv6eyFAk5STydTJCaiQXvVz81/Ojhc0qvHYzypNUEY7ni8OUQRXDvB0YUEGwYhNNEBZUvx3iERIIK91hRZdiL1awTDoXdduq2/eX1eZNUU8ZHIMTUAM2uAJNcAdaoA0wmIJn8AJejSfjzXg3PubRklHMHII/MD5/APIUnCo=</latexit>

�(�⇤�)2
<latexit sha1_base64="Ehq9V850VlTgWUREl0gfjDgKPyY=">AAACD3icbVDLSgMxFM3UV62vUcGNm2ARqosyUwRdFt24rGAf0JmWTCbThiaZIckIpfYj/AW3uncnbv0Et36JmXYW2nog4XDOudzLCRJGlXacL6uwsrq2vlHcLG1t7+zu2fsHLRWnEpMmjlksOwFShFFBmppqRjqJJIgHjLSD0U3mtx+IVDQW93qcEJ+jgaARxUgbqW8fecyEQwQrXjKkvfPsP+vV+nbZqTozwGXi5qQMcjT69rcXxjjlRGjMkFJd10m0P0FSU8zItOSliiQIj9CAdA0ViBPlT2b3T+GpUUIYxdI8oeFM/T0xQVypMQ9MkiM9VIteJv7rBXxhs46u/AkVSaqJwPPFUcqgjmFWDgypJFizsSEIS2puh3iIJMLaVFgypbiLFSyTVq3qOlX37qJcv87rKYJjcAIqwAWXoA5uQQM0AQaP4Bm8gFfryXqz3q2PebRg5TOH4A+szx8OA5ut</latexit><latexit sha1_base64="Ehq9V850VlTgWUREl0gfjDgKPyY=">AAACD3icbVDLSgMxFM3UV62vUcGNm2ARqosyUwRdFt24rGAf0JmWTCbThiaZIckIpfYj/AW3uncnbv0Et36JmXYW2nog4XDOudzLCRJGlXacL6uwsrq2vlHcLG1t7+zu2fsHLRWnEpMmjlksOwFShFFBmppqRjqJJIgHjLSD0U3mtx+IVDQW93qcEJ+jgaARxUgbqW8fecyEQwQrXjKkvfPsP+vV+nbZqTozwGXi5qQMcjT69rcXxjjlRGjMkFJd10m0P0FSU8zItOSliiQIj9CAdA0ViBPlT2b3T+GpUUIYxdI8oeFM/T0xQVypMQ9MkiM9VIteJv7rBXxhs46u/AkVSaqJwPPFUcqgjmFWDgypJFizsSEIS2puh3iIJMLaVFgypbiLFSyTVq3qOlX37qJcv87rKYJjcAIqwAWXoA5uQQM0AQaP4Bm8gFfryXqz3q2PebRg5TOH4A+szx8OA5ut</latexit><latexit sha1_base64="Ehq9V850VlTgWUREl0gfjDgKPyY=">AAACD3icbVDLSgMxFM3UV62vUcGNm2ARqosyUwRdFt24rGAf0JmWTCbThiaZIckIpfYj/AW3uncnbv0Et36JmXYW2nog4XDOudzLCRJGlXacL6uwsrq2vlHcLG1t7+zu2fsHLRWnEpMmjlksOwFShFFBmppqRjqJJIgHjLSD0U3mtx+IVDQW93qcEJ+jgaARxUgbqW8fecyEQwQrXjKkvfPsP+vV+nbZqTozwGXi5qQMcjT69rcXxjjlRGjMkFJd10m0P0FSU8zItOSliiQIj9CAdA0ViBPlT2b3T+GpUUIYxdI8oeFM/T0xQVypMQ9MkiM9VIteJv7rBXxhs46u/AkVSaqJwPPFUcqgjmFWDgypJFizsSEIS2puh3iIJMLaVFgypbiLFSyTVq3qOlX37qJcv87rKYJjcAIqwAWXoA5uQQM0AQaP4Bm8gFfryXqz3q2PebRg5TOH4A+szx8OA5ut</latexit><latexit sha1_base64="Ehq9V850VlTgWUREl0gfjDgKPyY=">AAACD3icbVDLSgMxFM3UV62vUcGNm2ARqosyUwRdFt24rGAf0JmWTCbThiaZIckIpfYj/AW3uncnbv0Et36JmXYW2nog4XDOudzLCRJGlXacL6uwsrq2vlHcLG1t7+zu2fsHLRWnEpMmjlksOwFShFFBmppqRjqJJIgHjLSD0U3mtx+IVDQW93qcEJ+jgaARxUgbqW8fecyEQwQrXjKkvfPsP+vV+nbZqTozwGXi5qQMcjT69rcXxjjlRGjMkFJd10m0P0FSU8zItOSliiQIj9CAdA0ViBPlT2b3T+GpUUIYxdI8oeFM/T0xQVypMQ9MkiM9VIteJv7rBXxhs46u/AkVSaqJwPPFUcqgjmFWDgypJFizsSEIS2puh3iIJMLaVFgypbiLFSyTVq3qOlX37qJcv87rKYJjcAIqwAWXoA5uQQM0AQaP4Bm8gFfryXqz3q2PebRg5TOH4A+szx8OA5ut</latexit>

.

.

.

irrelevant

marginal

�n(�
⇤�)n

<latexit sha1_base64="aaRU8/qMhcrhCRpsOBC/keOOEa8=">AAACEXicbVDLSgMxFL1TX7W+qm4EN8EiVBdlRgRdFt24rGAf0JmWTCbThmYyQ5IRSqk/4S+41b07cesXuPVLzLSz0OqBhMM553KT4yecKW3bn1ZhaXllda24XtrY3NreKe/utVScSkKbJOax7PhYUc4EbWqmOe0kkuLI57Ttj64zv31PpWKxuNPjhHoRHggWMoK1kfrlA5ebcID7AlXdZMh6p9l90jNWxa7ZM6C/xMlJBXI0+uUvN4hJGlGhCcdKdR070d4ES80Ip9OSmyqaYDLCA9o1VOCIKm8y+8EUHRslQGEszREazdSfExMcKTWOfJOMsB6qRS8T//X8aGGzDi+9CRNJqqkg88VhypGOUVYPCpikRPOxIZhIZt6OyBBLTLQpsWRKcRYr+EtaZzXHrjm355X6VV5PEQ7hCKrgwAXU4QYa0AQCD/AEz/BiPVqv1pv1Po8WrHxmH37B+vgGDK2cyg==</latexit><latexit sha1_base64="aaRU8/qMhcrhCRpsOBC/keOOEa8=">AAACEXicbVDLSgMxFL1TX7W+qm4EN8EiVBdlRgRdFt24rGAf0JmWTCbThmYyQ5IRSqk/4S+41b07cesXuPVLzLSz0OqBhMM553KT4yecKW3bn1ZhaXllda24XtrY3NreKe/utVScSkKbJOax7PhYUc4EbWqmOe0kkuLI57Ttj64zv31PpWKxuNPjhHoRHggWMoK1kfrlA5ebcID7AlXdZMh6p9l90jNWxa7ZM6C/xMlJBXI0+uUvN4hJGlGhCcdKdR070d4ES80Ip9OSmyqaYDLCA9o1VOCIKm8y+8EUHRslQGEszREazdSfExMcKTWOfJOMsB6qRS8T//X8aGGzDi+9CRNJqqkg88VhypGOUVYPCpikRPOxIZhIZt6OyBBLTLQpsWRKcRYr+EtaZzXHrjm355X6VV5PEQ7hCKrgwAXU4QYa0AQCD/AEz/BiPVqv1pv1Po8WrHxmH37B+vgGDK2cyg==</latexit><latexit sha1_base64="aaRU8/qMhcrhCRpsOBC/keOOEa8=">AAACEXicbVDLSgMxFL1TX7W+qm4EN8EiVBdlRgRdFt24rGAf0JmWTCbThmYyQ5IRSqk/4S+41b07cesXuPVLzLSz0OqBhMM553KT4yecKW3bn1ZhaXllda24XtrY3NreKe/utVScSkKbJOax7PhYUc4EbWqmOe0kkuLI57Ttj64zv31PpWKxuNPjhHoRHggWMoK1kfrlA5ebcID7AlXdZMh6p9l90jNWxa7ZM6C/xMlJBXI0+uUvN4hJGlGhCcdKdR070d4ES80Ip9OSmyqaYDLCA9o1VOCIKm8y+8EUHRslQGEszREazdSfExMcKTWOfJOMsB6qRS8T//X8aGGzDi+9CRNJqqkg88VhypGOUVYPCpikRPOxIZhIZt6OyBBLTLQpsWRKcRYr+EtaZzXHrjm355X6VV5PEQ7hCKrgwAXU4QYa0AQCD/AEz/BiPVqv1pv1Po8WrHxmH37B+vgGDK2cyg==</latexit><latexit sha1_base64="aaRU8/qMhcrhCRpsOBC/keOOEa8=">AAACEXicbVDLSgMxFL1TX7W+qm4EN8EiVBdlRgRdFt24rGAf0JmWTCbThmYyQ5IRSqk/4S+41b07cesXuPVLzLSz0OqBhMM553KT4yecKW3bn1ZhaXllda24XtrY3NreKe/utVScSkKbJOax7PhYUc4EbWqmOe0kkuLI57Ttj64zv31PpWKxuNPjhHoRHggWMoK1kfrlA5ebcID7AlXdZMh6p9l90jNWxa7ZM6C/xMlJBXI0+uUvN4hJGlGhCcdKdR070d4ES80Ip9OSmyqaYDLCA9o1VOCIKm8y+8EUHRslQGEszREazdSfExMcKTWOfJOMsB6qRS8T//X8aGGzDi+9CRNJqqkg88VhypGOUVYPCpikRPOxIZhIZt6OyBBLTLQpsWRKcRYr+EtaZzXHrjm355X6VV5PEQ7hCKrgwAXU4QYa0AQCD/AEz/BiPVqv1pv1Po8WrHxmH37B+vgGDK2cyg==</latexit>
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relevant

interactions

m2�⇤�
<latexit sha1_base64="TOVm10k7pLUYtpAMbE+JCBlk0xE=">AAACBXicbVA9SwNBEJ2LXzF+RS1tFoMgFuEuCFoGbSwjmA9ILmFvs5cs2d07dveEcKT2L9hqbye2/g5bf4l7yRWa+GCGx3szzPCCmDNtXPfLKaytb2xuFbdLO7t7+wflw6OWjhJFaJNEPFKdAGvKmaRNwwynnVhRLAJO28HkNvPbj1RpFskHM42pL/BIspARbKzUF/0a6sVj1r/I+qBccavuHGiVeDmpQI7GoPzdG0YkEVQawrHWXc+NjZ9iZRjhdFbqJZrGmEzwiHYtlVhQ7afzr2fozCpDFEbKljRorv7eSLHQeioCOymwGetlLxP/9QKxdNmE137KZJwYKsnicJhwZCKURYKGTFFi+NQSTBSzvyMyxgoTY4Mr2VC85QhWSatW9dyqd39Zqd/k8RThBE7hHDy4gjrcQQOaQEDBM7zAq/PkvDnvzsditODkO8fwB87nDxC+mIs=</latexit><latexit sha1_base64="TOVm10k7pLUYtpAMbE+JCBlk0xE=">AAACBXicbVA9SwNBEJ2LXzF+RS1tFoMgFuEuCFoGbSwjmA9ILmFvs5cs2d07dveEcKT2L9hqbye2/g5bf4l7yRWa+GCGx3szzPCCmDNtXPfLKaytb2xuFbdLO7t7+wflw6OWjhJFaJNEPFKdAGvKmaRNwwynnVhRLAJO28HkNvPbj1RpFskHM42pL/BIspARbKzUF/0a6sVj1r/I+qBccavuHGiVeDmpQI7GoPzdG0YkEVQawrHWXc+NjZ9iZRjhdFbqJZrGmEzwiHYtlVhQ7afzr2fozCpDFEbKljRorv7eSLHQeioCOymwGetlLxP/9QKxdNmE137KZJwYKsnicJhwZCKURYKGTFFi+NQSTBSzvyMyxgoTY4Mr2VC85QhWSatW9dyqd39Zqd/k8RThBE7hHDy4gjrcQQOaQEDBM7zAq/PkvDnvzsditODkO8fwB87nDxC+mIs=</latexit><latexit sha1_base64="TOVm10k7pLUYtpAMbE+JCBlk0xE=">AAACBXicbVA9SwNBEJ2LXzF+RS1tFoMgFuEuCFoGbSwjmA9ILmFvs5cs2d07dveEcKT2L9hqbye2/g5bf4l7yRWa+GCGx3szzPCCmDNtXPfLKaytb2xuFbdLO7t7+wflw6OWjhJFaJNEPFKdAGvKmaRNwwynnVhRLAJO28HkNvPbj1RpFskHM42pL/BIspARbKzUF/0a6sVj1r/I+qBccavuHGiVeDmpQI7GoPzdG0YkEVQawrHWXc+NjZ9iZRjhdFbqJZrGmEzwiHYtlVhQ7afzr2fozCpDFEbKljRorv7eSLHQeioCOymwGetlLxP/9QKxdNmE137KZJwYKsnicJhwZCKURYKGTFFi+NQSTBSzvyMyxgoTY4Mr2VC85QhWSatW9dyqd39Zqd/k8RThBE7hHDy4gjrcQQOaQEDBM7zAq/PkvDnvzsditODkO8fwB87nDxC+mIs=</latexit><latexit sha1_base64="TOVm10k7pLUYtpAMbE+JCBlk0xE=">AAACBXicbVA9SwNBEJ2LXzF+RS1tFoMgFuEuCFoGbSwjmA9ILmFvs5cs2d07dveEcKT2L9hqbye2/g5bf4l7yRWa+GCGx3szzPCCmDNtXPfLKaytb2xuFbdLO7t7+wflw6OWjhJFaJNEPFKdAGvKmaRNwwynnVhRLAJO28HkNvPbj1RpFskHM42pL/BIspARbKzUF/0a6sVj1r/I+qBccavuHGiVeDmpQI7GoPzdG0YkEVQawrHWXc+NjZ9iZRjhdFbqJZrGmEzwiHYtlVhQ7afzr2fozCpDFEbKljRorv7eSLHQeioCOymwGetlLxP/9QKxdNmE137KZJwYKsnicJhwZCKURYKGTFFi+NQSTBSzvyMyxgoTY4Mr2VC85QhWSatW9dyqd39Zqd/k8RThBE7hHDy4gjrcQQOaQEDBM7zAq/PkvDnvzsditODkO8fwB87nDxC+mIs=</latexit>

�3(�
⇤�)3

<latexit sha1_base64="bzCA7ceLBB1mBVKE0Px5H5Z7qHE=">AAACEHicbVC9TsMwGHTKXyl/AQYGFosKqTBUCUWCsYKFsUj0R2rSyHGc1qrjRLaDVEV9CV6BFXY2xMobsPIkOG0GaDnJ1unuPn32+QmjUlnWl1FaWV1b3yhvVra2d3b3zP2DjoxTgUkbxywWPR9JwignbUUVI71EEBT5jHT98W3udx+JkDTmD2qSEDdCQ05DipHSkmceOUyHA+Q1ak4yooPz/D4bNDyzatWtGeAysQtSBQVanvntBDFOI8IVZkjKvm0lys2QUBQzMq04qSQJwmM0JH1NOYqIdLPZB6bwVCsBDGOhD1dwpv6eyFAk5STydTJCaiQXvVz81/Ojhc0qvHYzypNUEY7ni8OUQRXDvB0YUEGwYhNNEBZUvx3iERIIK91hRZdiL1awTDoXdduq2/eX1eZNUU8ZHIMTUAM2uAJNcAdaoA0wmIJn8AJejSfjzXg3PubRklHMHII/MD5/APIUnCo=</latexit><latexit sha1_base64="bzCA7ceLBB1mBVKE0Px5H5Z7qHE=">AAACEHicbVC9TsMwGHTKXyl/AQYGFosKqTBUCUWCsYKFsUj0R2rSyHGc1qrjRLaDVEV9CV6BFXY2xMobsPIkOG0GaDnJ1unuPn32+QmjUlnWl1FaWV1b3yhvVra2d3b3zP2DjoxTgUkbxywWPR9JwignbUUVI71EEBT5jHT98W3udx+JkDTmD2qSEDdCQ05DipHSkmceOUyHA+Q1ak4yooPz/D4bNDyzatWtGeAysQtSBQVanvntBDFOI8IVZkjKvm0lys2QUBQzMq04qSQJwmM0JH1NOYqIdLPZB6bwVCsBDGOhD1dwpv6eyFAk5STydTJCaiQXvVz81/Ojhc0qvHYzypNUEY7ni8OUQRXDvB0YUEGwYhNNEBZUvx3iERIIK91hRZdiL1awTDoXdduq2/eX1eZNUU8ZHIMTUAM2uAJNcAdaoA0wmIJn8AJejSfjzXg3PubRklHMHII/MD5/APIUnCo=</latexit><latexit sha1_base64="bzCA7ceLBB1mBVKE0Px5H5Z7qHE=">AAACEHicbVC9TsMwGHTKXyl/AQYGFosKqTBUCUWCsYKFsUj0R2rSyHGc1qrjRLaDVEV9CV6BFXY2xMobsPIkOG0GaDnJ1unuPn32+QmjUlnWl1FaWV1b3yhvVra2d3b3zP2DjoxTgUkbxywWPR9JwignbUUVI71EEBT5jHT98W3udx+JkDTmD2qSEDdCQ05DipHSkmceOUyHA+Q1ak4yooPz/D4bNDyzatWtGeAysQtSBQVanvntBDFOI8IVZkjKvm0lys2QUBQzMq04qSQJwmM0JH1NOYqIdLPZB6bwVCsBDGOhD1dwpv6eyFAk5STydTJCaiQXvVz81/Ojhc0qvHYzypNUEY7ni8OUQRXDvB0YUEGwYhNNEBZUvx3iERIIK91hRZdiL1awTDoXdduq2/eX1eZNUU8ZHIMTUAM2uAJNcAdaoA0wmIJn8AJejSfjzXg3PubRklHMHII/MD5/APIUnCo=</latexit><latexit sha1_base64="bzCA7ceLBB1mBVKE0Px5H5Z7qHE=">AAACEHicbVC9TsMwGHTKXyl/AQYGFosKqTBUCUWCsYKFsUj0R2rSyHGc1qrjRLaDVEV9CV6BFXY2xMobsPIkOG0GaDnJ1unuPn32+QmjUlnWl1FaWV1b3yhvVra2d3b3zP2DjoxTgUkbxywWPR9JwignbUUVI71EEBT5jHT98W3udx+JkDTmD2qSEDdCQ05DipHSkmceOUyHA+Q1ak4yooPz/D4bNDyzatWtGeAysQtSBQVanvntBDFOI8IVZkjKvm0lys2QUBQzMq04qSQJwmM0JH1NOYqIdLPZB6bwVCsBDGOhD1dwpv6eyFAk5STydTJCaiQXvVz81/Ojhc0qvHYzypNUEY7ni8OUQRXDvB0YUEGwYhNNEBZUvx3iERIIK91hRZdiL1awTDoXdduq2/eX1eZNUU8ZHIMTUAM2uAJNcAdaoA0wmIJn8AJejSfjzXg3PubRklHMHII/MD5/APIUnCo=</latexit>

�(�⇤�)2
<latexit sha1_base64="Ehq9V850VlTgWUREl0gfjDgKPyY=">AAACD3icbVDLSgMxFM3UV62vUcGNm2ARqosyUwRdFt24rGAf0JmWTCbThiaZIckIpfYj/AW3uncnbv0Et36JmXYW2nog4XDOudzLCRJGlXacL6uwsrq2vlHcLG1t7+zu2fsHLRWnEpMmjlksOwFShFFBmppqRjqJJIgHjLSD0U3mtx+IVDQW93qcEJ+jgaARxUgbqW8fecyEQwQrXjKkvfPsP+vV+nbZqTozwGXi5qQMcjT69rcXxjjlRGjMkFJd10m0P0FSU8zItOSliiQIj9CAdA0ViBPlT2b3T+GpUUIYxdI8oeFM/T0xQVypMQ9MkiM9VIteJv7rBXxhs46u/AkVSaqJwPPFUcqgjmFWDgypJFizsSEIS2puh3iIJMLaVFgypbiLFSyTVq3qOlX37qJcv87rKYJjcAIqwAWXoA5uQQM0AQaP4Bm8gFfryXqz3q2PebRg5TOH4A+szx8OA5ut</latexit><latexit sha1_base64="Ehq9V850VlTgWUREl0gfjDgKPyY=">AAACD3icbVDLSgMxFM3UV62vUcGNm2ARqosyUwRdFt24rGAf0JmWTCbThiaZIckIpfYj/AW3uncnbv0Et36JmXYW2nog4XDOudzLCRJGlXacL6uwsrq2vlHcLG1t7+zu2fsHLRWnEpMmjlksOwFShFFBmppqRjqJJIgHjLSD0U3mtx+IVDQW93qcEJ+jgaARxUgbqW8fecyEQwQrXjKkvfPsP+vV+nbZqTozwGXi5qQMcjT69rcXxjjlRGjMkFJd10m0P0FSU8zItOSliiQIj9CAdA0ViBPlT2b3T+GpUUIYxdI8oeFM/T0xQVypMQ9MkiM9VIteJv7rBXxhs46u/AkVSaqJwPPFUcqgjmFWDgypJFizsSEIS2puh3iIJMLaVFgypbiLFSyTVq3qOlX37qJcv87rKYJjcAIqwAWXoA5uQQM0AQaP4Bm8gFfryXqz3q2PebRg5TOH4A+szx8OA5ut</latexit><latexit sha1_base64="Ehq9V850VlTgWUREl0gfjDgKPyY=">AAACD3icbVDLSgMxFM3UV62vUcGNm2ARqosyUwRdFt24rGAf0JmWTCbThiaZIckIpfYj/AW3uncnbv0Et36JmXYW2nog4XDOudzLCRJGlXacL6uwsrq2vlHcLG1t7+zu2fsHLRWnEpMmjlksOwFShFFBmppqRjqJJIgHjLSD0U3mtx+IVDQW93qcEJ+jgaARxUgbqW8fecyEQwQrXjKkvfPsP+vV+nbZqTozwGXi5qQMcjT69rcXxjjlRGjMkFJd10m0P0FSU8zItOSliiQIj9CAdA0ViBPlT2b3T+GpUUIYxdI8oeFM/T0xQVypMQ9MkiM9VIteJv7rBXxhs46u/AkVSaqJwPPFUcqgjmFWDgypJFizsSEIS2puh3iIJMLaVFgypbiLFSyTVq3qOlX37qJcv87rKYJjcAIqwAWXoA5uQQM0AQaP4Bm8gFfryXqz3q2PebRg5TOH4A+szx8OA5ut</latexit><latexit sha1_base64="Ehq9V850VlTgWUREl0gfjDgKPyY=">AAACD3icbVDLSgMxFM3UV62vUcGNm2ARqosyUwRdFt24rGAf0JmWTCbThiaZIckIpfYj/AW3uncnbv0Et36JmXYW2nog4XDOudzLCRJGlXacL6uwsrq2vlHcLG1t7+zu2fsHLRWnEpMmjlksOwFShFFBmppqRjqJJIgHjLSD0U3mtx+IVDQW93qcEJ+jgaARxUgbqW8fecyEQwQrXjKkvfPsP+vV+nbZqTozwGXi5qQMcjT69rcXxjjlRGjMkFJd10m0P0FSU8zItOSliiQIj9CAdA0ViBPlT2b3T+GpUUIYxdI8oeFM/T0xQVypMQ9MkiM9VIteJv7rBXxhs46u/AkVSaqJwPPFUcqgjmFWDgypJFizsSEIS2puh3iIJMLaVFgypbiLFSyTVq3qOlX37qJcv87rKYJjcAIqwAWXoA5uQQM0AQaP4Bm8gFfryXqz3q2PebRg5TOH4A+szx8OA5ut</latexit>
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irrelevantmarginal

�n(�
⇤�)n

<latexit sha1_base64="aaRU8/qMhcrhCRpsOBC/keOOEa8=">AAACEXicbVDLSgMxFL1TX7W+qm4EN8EiVBdlRgRdFt24rGAf0JmWTCbThmYyQ5IRSqk/4S+41b07cesXuPVLzLSz0OqBhMM553KT4yecKW3bn1ZhaXllda24XtrY3NreKe/utVScSkKbJOax7PhYUc4EbWqmOe0kkuLI57Ttj64zv31PpWKxuNPjhHoRHggWMoK1kfrlA5ebcID7AlXdZMh6p9l90jNWxa7ZM6C/xMlJBXI0+uUvN4hJGlGhCcdKdR070d4ES80Ip9OSmyqaYDLCA9o1VOCIKm8y+8EUHRslQGEszREazdSfExMcKTWOfJOMsB6qRS8T//X8aGGzDi+9CRNJqqkg88VhypGOUVYPCpikRPOxIZhIZt6OyBBLTLQpsWRKcRYr+EtaZzXHrjm355X6VV5PEQ7hCKrgwAXU4QYa0AQCD/AEz/BiPVqv1pv1Po8WrHxmH37B+vgGDK2cyg==</latexit><latexit sha1_base64="aaRU8/qMhcrhCRpsOBC/keOOEa8=">AAACEXicbVDLSgMxFL1TX7W+qm4EN8EiVBdlRgRdFt24rGAf0JmWTCbThmYyQ5IRSqk/4S+41b07cesXuPVLzLSz0OqBhMM553KT4yecKW3bn1ZhaXllda24XtrY3NreKe/utVScSkKbJOax7PhYUc4EbWqmOe0kkuLI57Ttj64zv31PpWKxuNPjhHoRHggWMoK1kfrlA5ebcID7AlXdZMh6p9l90jNWxa7ZM6C/xMlJBXI0+uUvN4hJGlGhCcdKdR070d4ES80Ip9OSmyqaYDLCA9o1VOCIKm8y+8EUHRslQGEszREazdSfExMcKTWOfJOMsB6qRS8T//X8aGGzDi+9CRNJqqkg88VhypGOUVYPCpikRPOxIZhIZt6OyBBLTLQpsWRKcRYr+EtaZzXHrjm355X6VV5PEQ7hCKrgwAXU4QYa0AQCD/AEz/BiPVqv1pv1Po8WrHxmH37B+vgGDK2cyg==</latexit><latexit sha1_base64="aaRU8/qMhcrhCRpsOBC/keOOEa8=">AAACEXicbVDLSgMxFL1TX7W+qm4EN8EiVBdlRgRdFt24rGAf0JmWTCbThmYyQ5IRSqk/4S+41b07cesXuPVLzLSz0OqBhMM553KT4yecKW3bn1ZhaXllda24XtrY3NreKe/utVScSkKbJOax7PhYUc4EbWqmOe0kkuLI57Ttj64zv31PpWKxuNPjhHoRHggWMoK1kfrlA5ebcID7AlXdZMh6p9l90jNWxa7ZM6C/xMlJBXI0+uUvN4hJGlGhCcdKdR070d4ES80Ip9OSmyqaYDLCA9o1VOCIKm8y+8EUHRslQGEszREazdSfExMcKTWOfJOMsB6qRS8T//X8aGGzDi+9CRNJqqkg88VhypGOUVYPCpikRPOxIZhIZt6OyBBLTLQpsWRKcRYr+EtaZzXHrjm355X6VV5PEQ7hCKrgwAXU4QYa0AQCD/AEz/BiPVqv1pv1Po8WrHxmH37B+vgGDK2cyg==</latexit><latexit sha1_base64="aaRU8/qMhcrhCRpsOBC/keOOEa8=">AAACEXicbVDLSgMxFL1TX7W+qm4EN8EiVBdlRgRdFt24rGAf0JmWTCbThmYyQ5IRSqk/4S+41b07cesXuPVLzLSz0OqBhMM553KT4yecKW3bn1ZhaXllda24XtrY3NreKe/utVScSkKbJOax7PhYUc4EbWqmOe0kkuLI57Ttj64zv31PpWKxuNPjhHoRHggWMoK1kfrlA5ebcID7AlXdZMh6p9l90jNWxa7ZM6C/xMlJBXI0+uUvN4hJGlGhCcdKdR070d4ES80Ip9OSmyqaYDLCA9o1VOCIKm8y+8EUHRslQGEszREazdSfExMcKTWOfJOMsB6qRS8T//X8aGGzDi+9CRNJqqkg88VhypGOUVYPCpikRPOxIZhIZt6OyBBLTLQpsWRKcRYr+EtaZzXHrjm355X6VV5PEQ7hCKrgwAXU4QYa0AQCD/AEz/BiPVqv1pv1Po8WrHxmH37B+vgGDK2cyg==</latexit>
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tricritical line
m2�⇤�

<latexit sha1_base64="TOVm10k7pLUYtpAMbE+JCBlk0xE=">AAACBXicbVA9SwNBEJ2LXzF+RS1tFoMgFuEuCFoGbSwjmA9ILmFvs5cs2d07dveEcKT2L9hqbye2/g5bf4l7yRWa+GCGx3szzPCCmDNtXPfLKaytb2xuFbdLO7t7+wflw6OWjhJFaJNEPFKdAGvKmaRNwwynnVhRLAJO28HkNvPbj1RpFskHM42pL/BIspARbKzUF/0a6sVj1r/I+qBccavuHGiVeDmpQI7GoPzdG0YkEVQawrHWXc+NjZ9iZRjhdFbqJZrGmEzwiHYtlVhQ7afzr2fozCpDFEbKljRorv7eSLHQeioCOymwGetlLxP/9QKxdNmE137KZJwYKsnicJhwZCKURYKGTFFi+NQSTBSzvyMyxgoTY4Mr2VC85QhWSatW9dyqd39Zqd/k8RThBE7hHDy4gjrcQQOaQEDBM7zAq/PkvDnvzsditODkO8fwB87nDxC+mIs=</latexit><latexit sha1_base64="TOVm10k7pLUYtpAMbE+JCBlk0xE=">AAACBXicbVA9SwNBEJ2LXzF+RS1tFoMgFuEuCFoGbSwjmA9ILmFvs5cs2d07dveEcKT2L9hqbye2/g5bf4l7yRWa+GCGx3szzPCCmDNtXPfLKaytb2xuFbdLO7t7+wflw6OWjhJFaJNEPFKdAGvKmaRNwwynnVhRLAJO28HkNvPbj1RpFskHM42pL/BIspARbKzUF/0a6sVj1r/I+qBccavuHGiVeDmpQI7GoPzdG0YkEVQawrHWXc+NjZ9iZRjhdFbqJZrGmEzwiHYtlVhQ7afzr2fozCpDFEbKljRorv7eSLHQeioCOymwGetlLxP/9QKxdNmE137KZJwYKsnicJhwZCKURYKGTFFi+NQSTBSzvyMyxgoTY4Mr2VC85QhWSatW9dyqd39Zqd/k8RThBE7hHDy4gjrcQQOaQEDBM7zAq/PkvDnvzsditODkO8fwB87nDxC+mIs=</latexit><latexit sha1_base64="TOVm10k7pLUYtpAMbE+JCBlk0xE=">AAACBXicbVA9SwNBEJ2LXzF+RS1tFoMgFuEuCFoGbSwjmA9ILmFvs5cs2d07dveEcKT2L9hqbye2/g5bf4l7yRWa+GCGx3szzPCCmDNtXPfLKaytb2xuFbdLO7t7+wflw6OWjhJFaJNEPFKdAGvKmaRNwwynnVhRLAJO28HkNvPbj1RpFskHM42pL/BIspARbKzUF/0a6sVj1r/I+qBccavuHGiVeDmpQI7GoPzdG0YkEVQawrHWXc+NjZ9iZRjhdFbqJZrGmEzwiHYtlVhQ7afzr2fozCpDFEbKljRorv7eSLHQeioCOymwGetlLxP/9QKxdNmE137KZJwYKsnicJhwZCKURYKGTFFi+NQSTBSzvyMyxgoTY4Mr2VC85QhWSatW9dyqd39Zqd/k8RThBE7hHDy4gjrcQQOaQEDBM7zAq/PkvDnvzsditODkO8fwB87nDxC+mIs=</latexit><latexit sha1_base64="TOVm10k7pLUYtpAMbE+JCBlk0xE=">AAACBXicbVA9SwNBEJ2LXzF+RS1tFoMgFuEuCFoGbSwjmA9ILmFvs5cs2d07dveEcKT2L9hqbye2/g5bf4l7yRWa+GCGx3szzPCCmDNtXPfLKaytb2xuFbdLO7t7+wflw6OWjhJFaJNEPFKdAGvKmaRNwwynnVhRLAJO28HkNvPbj1RpFskHM42pL/BIspARbKzUF/0a6sVj1r/I+qBccavuHGiVeDmpQI7GoPzdG0YkEVQawrHWXc+NjZ9iZRjhdFbqJZrGmEzwiHYtlVhQ7afzr2fozCpDFEbKljRorv7eSLHQeioCOymwGetlLxP/9QKxdNmE137KZJwYKsnicJhwZCKURYKGTFFi+NQSTBSzvyMyxgoTY4Mr2VC85QhWSatW9dyqd39Zqd/k8RThBE7hHDy4gjrcQQOaQEDBM7zAq/PkvDnvzsditODkO8fwB87nDxC+mIs=</latexit>

�(�⇤�)2
<latexit sha1_base64="Ehq9V850VlTgWUREl0gfjDgKPyY=">AAACD3icbVDLSgMxFM3UV62vUcGNm2ARqosyUwRdFt24rGAf0JmWTCbThiaZIckIpfYj/AW3uncnbv0Et36JmXYW2nog4XDOudzLCRJGlXacL6uwsrq2vlHcLG1t7+zu2fsHLRWnEpMmjlksOwFShFFBmppqRjqJJIgHjLSD0U3mtx+IVDQW93qcEJ+jgaARxUgbqW8fecyEQwQrXjKkvfPsP+vV+nbZqTozwGXi5qQMcjT69rcXxjjlRGjMkFJd10m0P0FSU8zItOSliiQIj9CAdA0ViBPlT2b3T+GpUUIYxdI8oeFM/T0xQVypMQ9MkiM9VIteJv7rBXxhs46u/AkVSaqJwPPFUcqgjmFWDgypJFizsSEIS2puh3iIJMLaVFgypbiLFSyTVq3qOlX37qJcv87rKYJjcAIqwAWXoA5uQQM0AQaP4Bm8gFfryXqz3q2PebRg5TOH4A+szx8OA5ut</latexit><latexit sha1_base64="Ehq9V850VlTgWUREl0gfjDgKPyY=">AAACD3icbVDLSgMxFM3UV62vUcGNm2ARqosyUwRdFt24rGAf0JmWTCbThiaZIckIpfYj/AW3uncnbv0Et36JmXYW2nog4XDOudzLCRJGlXacL6uwsrq2vlHcLG1t7+zu2fsHLRWnEpMmjlksOwFShFFBmppqRjqJJIgHjLSD0U3mtx+IVDQW93qcEJ+jgaARxUgbqW8fecyEQwQrXjKkvfPsP+vV+nbZqTozwGXi5qQMcjT69rcXxjjlRGjMkFJd10m0P0FSU8zItOSliiQIj9CAdA0ViBPlT2b3T+GpUUIYxdI8oeFM/T0xQVypMQ9MkiM9VIteJv7rBXxhs46u/AkVSaqJwPPFUcqgjmFWDgypJFizsSEIS2puh3iIJMLaVFgypbiLFSyTVq3qOlX37qJcv87rKYJjcAIqwAWXoA5uQQM0AQaP4Bm8gFfryXqz3q2PebRg5TOH4A+szx8OA5ut</latexit><latexit sha1_base64="Ehq9V850VlTgWUREl0gfjDgKPyY=">AAACD3icbVDLSgMxFM3UV62vUcGNm2ARqosyUwRdFt24rGAf0JmWTCbThiaZIckIpfYj/AW3uncnbv0Et36JmXYW2nog4XDOudzLCRJGlXacL6uwsrq2vlHcLG1t7+zu2fsHLRWnEpMmjlksOwFShFFBmppqRjqJJIgHjLSD0U3mtx+IVDQW93qcEJ+jgaARxUgbqW8fecyEQwQrXjKkvfPsP+vV+nbZqTozwGXi5qQMcjT69rcXxjjlRGjMkFJd10m0P0FSU8zItOSliiQIj9CAdA0ViBPlT2b3T+GpUUIYxdI8oeFM/T0xQVypMQ9MkiM9VIteJv7rBXxhs46u/AkVSaqJwPPFUcqgjmFWDgypJFizsSEIS2puh3iIJMLaVFgypbiLFSyTVq3qOlX37qJcv87rKYJjcAIqwAWXoA5uQQM0AQaP4Bm8gFfryXqz3q2PebRg5TOH4A+szx8OA5ut</latexit><latexit sha1_base64="Ehq9V850VlTgWUREl0gfjDgKPyY=">AAACD3icbVDLSgMxFM3UV62vUcGNm2ARqosyUwRdFt24rGAf0JmWTCbThiaZIckIpfYj/AW3uncnbv0Et36JmXYW2nog4XDOudzLCRJGlXacL6uwsrq2vlHcLG1t7+zu2fsHLRWnEpMmjlksOwFShFFBmppqRjqJJIgHjLSD0U3mtx+IVDQW93qcEJ+jgaARxUgbqW8fecyEQwQrXjKkvfPsP+vV+nbZqTozwGXi5qQMcjT69rcXxjjlRGjMkFJd10m0P0FSU8zItOSliiQIj9CAdA0ViBPlT2b3T+GpUUIYxdI8oeFM/T0xQVypMQ9MkiM9VIteJv7rBXxhs46u/AkVSaqJwPPFUcqgjmFWDgypJFizsSEIS2puh3iIJMLaVFgypbiLFSyTVq3qOlX37qJcv87rKYJjcAIqwAWXoA5uQQM0AQaP4Bm8gFfryXqz3q2PebRg5TOH4A+szx8OA5ut</latexit>

�n
(�
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n

<latexit sha1_base64="aaRU8/qMhcrhCRpsOBC/keOOEa8=">AAACEXicbVDLSgMxFL1TX7W+qm4EN8EiVBdlRgRdFt24rGAf0JmWTCbThmYyQ5IRSqk/4S+41b07cesXuPVLzLSz0OqBhMM553KT4yecKW3bn1ZhaXllda24XtrY3NreKe/utVScSkKbJOax7PhYUc4EbWqmOe0kkuLI57Ttj64zv31PpWKxuNPjhHoRHggWMoK1kfrlA5ebcID7AlXdZMh6p9l90jNWxa7ZM6C/xMlJBXI0+uUvN4hJGlGhCcdKdR070d4ES80Ip9OSmyqaYDLCA9o1VOCIKm8y+8EUHRslQGEszREazdSfExMcKTWOfJOMsB6qRS8T//X8aGGzDi+9CRNJqqkg88VhypGOUVYPCpikRPOxIZhIZt6OyBBLTLQpsWRKcRYr+EtaZzXHrjm355X6VV5PEQ7hCKrgwAXU4QYa0AQCD/AEz/BiPVqv1pv1Po8WrHxmH37B+vgGDK2cyg==</latexit><latexit sha1_base64="aaRU8/qMhcrhCRpsOBC/keOOEa8=">AAACEXicbVDLSgMxFL1TX7W+qm4EN8EiVBdlRgRdFt24rGAf0JmWTCbThmYyQ5IRSqk/4S+41b07cesXuPVLzLSz0OqBhMM553KT4yecKW3bn1ZhaXllda24XtrY3NreKe/utVScSkKbJOax7PhYUc4EbWqmOe0kkuLI57Ttj64zv31PpWKxuNPjhHoRHggWMoK1kfrlA5ebcID7AlXdZMh6p9l90jNWxa7ZM6C/xMlJBXI0+uUvN4hJGlGhCcdKdR070d4ES80Ip9OSmyqaYDLCA9o1VOCIKm8y+8EUHRslQGEszREazdSfExMcKTWOfJOMsB6qRS8T//X8aGGzDi+9CRNJqqkg88VhypGOUVYPCpikRPOxIZhIZt6OyBBLTLQpsWRKcRYr+EtaZzXHrjm355X6VV5PEQ7hCKrgwAXU4QYa0AQCD/AEz/BiPVqv1pv1Po8WrHxmH37B+vgGDK2cyg==</latexit><latexit sha1_base64="aaRU8/qMhcrhCRpsOBC/keOOEa8=">AAACEXicbVDLSgMxFL1TX7W+qm4EN8EiVBdlRgRdFt24rGAf0JmWTCbThmYyQ5IRSqk/4S+41b07cesXuPVLzLSz0OqBhMM553KT4yecKW3bn1ZhaXllda24XtrY3NreKe/utVScSkKbJOax7PhYUc4EbWqmOe0kkuLI57Ttj64zv31PpWKxuNPjhHoRHggWMoK1kfrlA5ebcID7AlXdZMh6p9l90jNWxa7ZM6C/xMlJBXI0+uUvN4hJGlGhCcdKdR070d4ES80Ip9OSmyqaYDLCA9o1VOCIKm8y+8EUHRslQGEszREazdSfExMcKTWOfJOMsB6qRS8T//X8aGGzDi+9CRNJqqkg88VhypGOUVYPCpikRPOxIZhIZt6OyBBLTLQpsWRKcRYr+EtaZzXHrjm355X6VV5PEQ7hCKrgwAXU4QYa0AQCD/AEz/BiPVqv1pv1Po8WrHxmH37B+vgGDK2cyg==</latexit><latexit sha1_base64="aaRU8/qMhcrhCRpsOBC/keOOEa8=">AAACEXicbVDLSgMxFL1TX7W+qm4EN8EiVBdlRgRdFt24rGAf0JmWTCbThmYyQ5IRSqk/4S+41b07cesXuPVLzLSz0OqBhMM553KT4yecKW3bn1ZhaXllda24XtrY3NreKe/utVScSkKbJOax7PhYUc4EbWqmOe0kkuLI57Ttj64zv31PpWKxuNPjhHoRHggWMoK1kfrlA5ebcID7AlXdZMh6p9l90jNWxa7ZM6C/xMlJBXI0+uUvN4hJGlGhCcdKdR070d4ES80Ip9OSmyqaYDLCA9o1VOCIKm8y+8EUHRslQGEszREazdSfExMcKTWOfJOMsB6qRS8T//X8aGGzDi+9CRNJqqkg88VhypGOUVYPCpikRPOxIZhIZt6OyBBLTLQpsWRKcRYr+EtaZzXHrjm355X6VV5PEQ7hCKrgwAXU4QYa0AQCD/AEz/BiPVqv1pv1Po8WrHxmH37B+vgGDK2cyg==</latexit>

�3(�
⇤�)3

<latexit sha1_base64="bzCA7ceLBB1mBVKE0Px5H5Z7qHE=">AAACEHicbVC9TsMwGHTKXyl/AQYGFosKqTBUCUWCsYKFsUj0R2rSyHGc1qrjRLaDVEV9CV6BFXY2xMobsPIkOG0GaDnJ1unuPn32+QmjUlnWl1FaWV1b3yhvVra2d3b3zP2DjoxTgUkbxywWPR9JwignbUUVI71EEBT5jHT98W3udx+JkDTmD2qSEDdCQ05DipHSkmceOUyHA+Q1ak4yooPz/D4bNDyzatWtGeAysQtSBQVanvntBDFOI8IVZkjKvm0lys2QUBQzMq04qSQJwmM0JH1NOYqIdLPZB6bwVCsBDGOhD1dwpv6eyFAk5STydTJCaiQXvVz81/Ojhc0qvHYzypNUEY7ni8OUQRXDvB0YUEGwYhNNEBZUvx3iERIIK91hRZdiL1awTDoXdduq2/eX1eZNUU8ZHIMTUAM2uAJNcAdaoA0wmIJn8AJejSfjzXg3PubRklHMHII/MD5/APIUnCo=</latexit><latexit sha1_base64="bzCA7ceLBB1mBVKE0Px5H5Z7qHE=">AAACEHicbVC9TsMwGHTKXyl/AQYGFosKqTBUCUWCsYKFsUj0R2rSyHGc1qrjRLaDVEV9CV6BFXY2xMobsPIkOG0GaDnJ1unuPn32+QmjUlnWl1FaWV1b3yhvVra2d3b3zP2DjoxTgUkbxywWPR9JwignbUUVI71EEBT5jHT98W3udx+JkDTmD2qSEDdCQ05DipHSkmceOUyHA+Q1ak4yooPz/D4bNDyzatWtGeAysQtSBQVanvntBDFOI8IVZkjKvm0lys2QUBQzMq04qSQJwmM0JH1NOYqIdLPZB6bwVCsBDGOhD1dwpv6eyFAk5STydTJCaiQXvVz81/Ojhc0qvHYzypNUEY7ni8OUQRXDvB0YUEGwYhNNEBZUvx3iERIIK91hRZdiL1awTDoXdduq2/eX1eZNUU8ZHIMTUAM2uAJNcAdaoA0wmIJn8AJejSfjzXg3PubRklHMHII/MD5/APIUnCo=</latexit><latexit sha1_base64="bzCA7ceLBB1mBVKE0Px5H5Z7qHE=">AAACEHicbVC9TsMwGHTKXyl/AQYGFosKqTBUCUWCsYKFsUj0R2rSyHGc1qrjRLaDVEV9CV6BFXY2xMobsPIkOG0GaDnJ1unuPn32+QmjUlnWl1FaWV1b3yhvVra2d3b3zP2DjoxTgUkbxywWPR9JwignbUUVI71EEBT5jHT98W3udx+JkDTmD2qSEDdCQ05DipHSkmceOUyHA+Q1ak4yooPz/D4bNDyzatWtGeAysQtSBQVanvntBDFOI8IVZkjKvm0lys2QUBQzMq04qSQJwmM0JH1NOYqIdLPZB6bwVCsBDGOhD1dwpv6eyFAk5STydTJCaiQXvVz81/Ojhc0qvHYzypNUEY7ni8OUQRXDvB0YUEGwYhNNEBZUvx3iERIIK91hRZdiL1awTDoXdduq2/eX1eZNUU8ZHIMTUAM2uAJNcAdaoA0wmIJn8AJejSfjzXg3PubRklHMHII/MD5/APIUnCo=</latexit><latexit sha1_base64="bzCA7ceLBB1mBVKE0Px5H5Z7qHE=">AAACEHicbVC9TsMwGHTKXyl/AQYGFosKqTBUCUWCsYKFsUj0R2rSyHGc1qrjRLaDVEV9CV6BFXY2xMobsPIkOG0GaDnJ1unuPn32+QmjUlnWl1FaWV1b3yhvVra2d3b3zP2DjoxTgUkbxywWPR9JwignbUUVI71EEBT5jHT98W3udx+JkDTmD2qSEDdCQ05DipHSkmceOUyHA+Q1ak4yooPz/D4bNDyzatWtGeAysQtSBQVanvntBDFOI8IVZkjKvm0lys2QUBQzMq04qSQJwmM0JH1NOYqIdLPZB6bwVCsBDGOhD1dwpv6eyFAk5STydTJCaiQXvVz81/Ojhc0qvHYzypNUEY7ni8OUQRXDvB0YUEGwYhNNEBZUvx3iERIIK91hRZdiL1awTDoXdduq2/eX1eZNUU8ZHIMTUAM2uAJNcAdaoA0wmIJn8AJejSfjzXg3PubRklHMHII/MD5/APIUnCo=</latexit>

Wilson-Fisher

“theory space”



functional RG study

Polchinski: 
UV cutoff

Wetterich: 
IR cutoff

DF Litim, E Marchais, P Mati, 1702.05749/PRD 
DF Litim, M Trott, 1810.01678 /PRD 

exact map
R=R_opt

PUV =
K(q2/k2)

q2
<latexit sha1_base64="tYaUCvGrhn8eBRulD//MwRs0F3s=">AAACGnicbZC9TsMwFIWd8lfKX4CRxVAhlaUkFRIsSBUsSCxFIm2lJq0c12mt2kmwHaQqysxL8AqssLMhVhZWngS3zQCFI1k6Ovde3evPjxmVyrI+jcLC4tLySnG1tLa+sbllbu80ZZQITBwcsUi0fSQJoyFxFFWMtGNBEPcZafmjy0m9dU+EpFF4q8Yx8TgahDSgGCkd9cz9Ri91BYdOMzt3A4Fwel2569aOR93aUZZql/XMslW1poJ/jZ2bMsjV6Jlfbj/CCSehwgxJ2bGtWHkpEopiRrKSm0gSIzxCA9LRNkScSC+dfiWDhzrpwyAS+oUKTtOfEyniUo65rzs5UkM5X5uE/9Z8PrdZBWdeSsM4USTEs8VBwqCK4IQT7FNBsGJjbRAWVN8O8RBpQErTLGko9jyCv6ZZq9pW1b45KdcvcjxFsAcOQAXY4BTUwRVoAAdg8ACewDN4MR6NV+PNeJ+1Fox8Zhf8kvHxDYtyoDU=</latexit><latexit sha1_base64="tYaUCvGrhn8eBRulD//MwRs0F3s=">AAACGnicbZC9TsMwFIWd8lfKX4CRxVAhlaUkFRIsSBUsSCxFIm2lJq0c12mt2kmwHaQqysxL8AqssLMhVhZWngS3zQCFI1k6Ovde3evPjxmVyrI+jcLC4tLySnG1tLa+sbllbu80ZZQITBwcsUi0fSQJoyFxFFWMtGNBEPcZafmjy0m9dU+EpFF4q8Yx8TgahDSgGCkd9cz9Ri91BYdOMzt3A4Fwel2569aOR93aUZZql/XMslW1poJ/jZ2bMsjV6Jlfbj/CCSehwgxJ2bGtWHkpEopiRrKSm0gSIzxCA9LRNkScSC+dfiWDhzrpwyAS+oUKTtOfEyniUo65rzs5UkM5X5uE/9Z8PrdZBWdeSsM4USTEs8VBwqCK4IQT7FNBsGJjbRAWVN8O8RBpQErTLGko9jyCv6ZZq9pW1b45KdcvcjxFsAcOQAXY4BTUwRVoAAdg8ACewDN4MR6NV+PNeJ+1Fox8Zhf8kvHxDYtyoDU=</latexit><latexit sha1_base64="tYaUCvGrhn8eBRulD//MwRs0F3s=">AAACGnicbZC9TsMwFIWd8lfKX4CRxVAhlaUkFRIsSBUsSCxFIm2lJq0c12mt2kmwHaQqysxL8AqssLMhVhZWngS3zQCFI1k6Ovde3evPjxmVyrI+jcLC4tLySnG1tLa+sbllbu80ZZQITBwcsUi0fSQJoyFxFFWMtGNBEPcZafmjy0m9dU+EpFF4q8Yx8TgahDSgGCkd9cz9Ri91BYdOMzt3A4Fwel2569aOR93aUZZql/XMslW1poJ/jZ2bMsjV6Jlfbj/CCSehwgxJ2bGtWHkpEopiRrKSm0gSIzxCA9LRNkScSC+dfiWDhzrpwyAS+oUKTtOfEyniUo65rzs5UkM5X5uE/9Z8PrdZBWdeSsM4USTEs8VBwqCK4IQT7FNBsGJjbRAWVN8O8RBpQErTLGko9jyCv6ZZq9pW1b45KdcvcjxFsAcOQAXY4BTUwRVoAAdg8ACewDN4MR6NV+PNeJ+1Fox8Zhf8kvHxDYtyoDU=</latexit><latexit sha1_base64="tYaUCvGrhn8eBRulD//MwRs0F3s=">AAACGnicbZC9TsMwFIWd8lfKX4CRxVAhlaUkFRIsSBUsSCxFIm2lJq0c12mt2kmwHaQqysxL8AqssLMhVhZWngS3zQCFI1k6Ovde3evPjxmVyrI+jcLC4tLySnG1tLa+sbllbu80ZZQITBwcsUi0fSQJoyFxFFWMtGNBEPcZafmjy0m9dU+EpFF4q8Yx8TgahDSgGCkd9cz9Ri91BYdOMzt3A4Fwel2569aOR93aUZZql/XMslW1poJ/jZ2bMsjV6Jlfbj/CCSehwgxJ2bGtWHkpEopiRrKSm0gSIzxCA9LRNkScSC+dfiWDhzrpwyAS+oUKTtOfEyniUo65rzs5UkM5X5uE/9Z8PrdZBWdeSsM4USTEs8VBwqCK4IQT7FNBsGJjbRAWVN8O8RBpQErTLGko9jyCv6ZZq9pW1b45KdcvcjxFsAcOQAXY4BTUwRVoAAdg8ACewDN4MR6NV+PNeJ+1Fox8Zhf8kvHxDYtyoDU=</latexit>

<latexit sha1_base64="6lvU9R576BwQ/JmgMrmqyM+ptBo=">AAACHHicbVDLSgMxFM3UV62vqks3wSIIQpkpvjZC0Y3uqtgHdMaSSTNtaJIZk4xQhvkAf8JfcKt7d+JWcOuXmLaz0NYDgcM553Jvjh8xqrRtf1m5ufmFxaX8cmFldW19o7i51VBhLDGp45CFsuUjRRgVpK6pZqQVSYK4z0jTH1yM/OYDkYqG4lYPI+Jx1BM0oBhpI3WKpVoncSWH9UZ6kNGrm/TMDSTCiZMm93eV1KTssj0GnCVORkogQ61T/Ha7IY45ERozpFTbsSPtJUhqihlJC26sSITwAPVI21CBOFFeMv5MCveM0oVBKM0TGo7V3xMJ4koNuW+SHOm+mvZG4r+ez6c26+DUS6iIYk0EniwOYgZ1CEdNwS6VBGs2NARhSc3tEPeR6UWbPgumFGe6glnSqJSd4/LR9WGpep7Vkwc7YBfsAwecgCq4BDVQBxg8gmfwAl6tJ+vNerc+JtGclc1sgz+wPn8A1hChhQ==</latexit>

PUV + PIR =
1

q2

<latexit sha1_base64="Ocp0FGuY81VeuXf8YDyI+Pp0cxM=">AAACGnicbZC7TsMwFIadcivlFmBkMVRIRUhVUnFbkCpYYCsVvUhtiRzXaa3aSbAdpCrKzEvwCqywsyFWFlaeBLfNAC1Hsvzr/8/RsT83ZFQqy/oyMnPzC4tL2eXcyura+oa5uVWXQSQwqeGABaLpIkkY9UlNUcVIMxQEcZeRhju4HOWNByIkDfxbNQxJh6OeTz2KkdKWY+5WnLgtOLyuJudtTyAc20l8f1c6rDqDgr4PEsfMW0VrXHBW2KnIg7Qqjvnd7gY44sRXmCEpW7YVqk6MhKKYkSTXjiQJER6gHmlp6SNOZCcefyWB+9rpQi8Q+vgKjt3fEzHiUg65qzs5Un05nY3MfzOXT21W3lknpn4YKeLjyWIvYlAFcMQJdqkgWLGhFggLqt8OcR9pQErTzGko9jSCWVEvFe2T4vHNUb58keLJgh2wBwrABqegDK5ABdQABo/gGbyAV+PJeDPejY9Ja8ZIZ7bBnzI+fwB85qAy</latexit>

PIR =
1

q2 +Rk(q2)

Polchinski ’84

Wetterich ‘92



functional RG study

Polchinski: 
UV cutoff

Wetterich: 
IR cutoff

DF Litim, E Marchais, P Mati, 1702.05749/PRD 
DF Litim, M Trott, 1810.01678 /PRD 

exact map
R=R_opt
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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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<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 

functional RG

DF Litim, E Marchais, P Mati, 1702.05749/PRD 

phase diagram
Bardeen, Moshe, Bander ’84

David, Kessler, Neuberger ‘84
BMB phenomenon

quartic
se

xt
ic

spontaneous scale symmetry breaking
breaking of hyperscaling

compact conformal manifold
physical mass = free parameter

non-perturbative
infinite-order in local couplings



Polchinski RG

-0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5-0.4

-0.2

0.0

0.2

0.4

0.6

l
t

Gaussian

BMB

Wilson-
Fisher

first
order

UV-line

 U
V

 c
on

fo
rm

al
 w

in
do

w

UV 
Landau 

pole
IR strong 
coupling

vacuum 
instability

DF Litim, M Trott, 1810.01678 /PRD 

phase diagram

quartic
se

xt
ic

spontaneous scale symmetry breaking
breaking of hyperscaling



universal scaling dimensions

0 5 10 15 20

0

10

20

30

40

canonical

Wilson-Fisher

UV

IR

relevant
irrelevant

3d scalars

#
UV
n

= n� 2

<latexit sha1_base64="sClteXHz4y7u41HlLtXI/vOHXqg=">AAACEXicbVDLSgMxFM34rPU16kZwEyyCG8tMEXQjFN24rOC0hc44ZNJMG5pkhiRTKEP9CX/Bre7diVu/wK1fYtrOQlsPXDicc29u7olSRpV2nC9raXlldW29tFHe3Nre2bX39psqySQmHk5YItsRUoRRQTxNNSPtVBLEI0Za0eBm4reGRCqaiHs9SknAUU/QmGKkjRTah/4QSd0nGj3kvuTQa45DcSXOaqFdcarOFHCRuAWpgAKN0P72uwnOOBEaM6RUx3VSHeTmdYoZGZf9TJEU4QHqkY6hAnGignx6wRieGKUL40SaEhpO1d8TOeJKjXhkOjnSfTXvTcR/vYjPbdbxZZBTkWaaCDxbHGcM6gRO4oFdKgnWbGQIwpKav0PcRxJhbUIsm1Dc+QgWSbNWdZ2qe3deqV8X8ZTAETgGp8AFF6AObkEDeACDR/AMXsCr9WS9We/Wx6x1ySpmDsAfWJ8/tlydLw==</latexit><latexit sha1_base64="sClteXHz4y7u41HlLtXI/vOHXqg=">AAACEXicbVDLSgMxFM34rPU16kZwEyyCG8tMEXQjFN24rOC0hc44ZNJMG5pkhiRTKEP9CX/Bre7diVu/wK1fYtrOQlsPXDicc29u7olSRpV2nC9raXlldW29tFHe3Nre2bX39psqySQmHk5YItsRUoRRQTxNNSPtVBLEI0Za0eBm4reGRCqaiHs9SknAUU/QmGKkjRTah/4QSd0nGj3kvuTQa45DcSXOaqFdcarOFHCRuAWpgAKN0P72uwnOOBEaM6RUx3VSHeTmdYoZGZf9TJEU4QHqkY6hAnGignx6wRieGKUL40SaEhpO1d8TOeJKjXhkOjnSfTXvTcR/vYjPbdbxZZBTkWaaCDxbHGcM6gRO4oFdKgnWbGQIwpKav0PcRxJhbUIsm1Dc+QgWSbNWdZ2qe3deqV8X8ZTAETgGp8AFF6AObkEDeACDR/AMXsCr9WS9We/Wx6x1ySpmDsAfWJ8/tlydLw==</latexit><latexit sha1_base64="sClteXHz4y7u41HlLtXI/vOHXqg=">AAACEXicbVDLSgMxFM34rPU16kZwEyyCG8tMEXQjFN24rOC0hc44ZNJMG5pkhiRTKEP9CX/Bre7diVu/wK1fYtrOQlsPXDicc29u7olSRpV2nC9raXlldW29tFHe3Nre2bX39psqySQmHk5YItsRUoRRQTxNNSPtVBLEI0Za0eBm4reGRCqaiHs9SknAUU/QmGKkjRTah/4QSd0nGj3kvuTQa45DcSXOaqFdcarOFHCRuAWpgAKN0P72uwnOOBEaM6RUx3VSHeTmdYoZGZf9TJEU4QHqkY6hAnGignx6wRieGKUL40SaEhpO1d8TOeJKjXhkOjnSfTXvTcR/vYjPbdbxZZBTkWaaCDxbHGcM6gRO4oFdKgnWbGQIwpKav0PcRxJhbUIsm1Dc+QgWSbNWdZ2qe3deqV8X8ZTAETgGp8AFF6AObkEDeACDR/AMXsCr9WS9We/Wx6x1ySpmDsAfWJ8/tlydLw==</latexit><latexit sha1_base64="sClteXHz4y7u41HlLtXI/vOHXqg=">AAACEXicbVDLSgMxFM34rPU16kZwEyyCG8tMEXQjFN24rOC0hc44ZNJMG5pkhiRTKEP9CX/Bre7diVu/wK1fYtrOQlsPXDicc29u7olSRpV2nC9raXlldW29tFHe3Nre2bX39psqySQmHk5YItsRUoRRQTxNNSPtVBLEI0Za0eBm4reGRCqaiHs9SknAUU/QmGKkjRTah/4QSd0nGj3kvuTQa45DcSXOaqFdcarOFHCRuAWpgAKN0P72uwnOOBEaM6RUx3VSHeTmdYoZGZf9TJEU4QHqkY6hAnGignx6wRieGKUL40SaEhpO1d8TOeJKjXhkOjnSfTXvTcR/vYjPbdbxZZBTkWaaCDxbHGcM6gRO4oFdKgnWbGQIwpKav0PcRxJhbUIsm1Dc+QgWSbNWdZ2qe3deqV8X8ZTAETgGp8AFF6AObkEDeACDR/AMXsCr9WS9We/Wx6x1ySpmDsAfWJ8/tlydLw==</latexit>#
IR
n
= 2n

� 1

<latexit sha1_base64="9ysaFF2yImn5z/RXEyU80OrdKK8=">AAACEnicbVDLSgMxFM34rPU16krcBIvgxjJTBN0IRTe6q2If0BmHTJppQ5PMkGQKZSj+hL/gVvfuxK0/4NYvMW1noa0HLhzOuTc394QJo0o7zpe1sLi0vLJaWCuub2xubds7uw0VpxKTOo5ZLFshUoRRQeqaakZaiSSIh4w0w/7V2G8OiFQ0Fvd6mBCfo66gEcVIGymw970BkrpHNHrIPMnhzd0oEBcVceIGdskpOxPAeeLmpARy1AL72+vEOOVEaMyQUm3XSbSfmecpZmRU9FJFEoT7qEvahgrEifKzyQkjeGSUDoxiaUpoOFF/T2SIKzXkoenkSPfUrDcW//VCPrNZR+d+RkWSaiLwdHGUMqhjOM4HdqgkWLOhIQhLav4OcQ9JhLVJsWhCcWcjmCeNStl1yu7taal6mcdTAAfgEBwDF5yBKrgGNVAHGDyCZ/ACXq0n6816tz6mrQtWPrMH/sD6/AEX651a</latexit><latexit sha1_base64="9ysaFF2yImn5z/RXEyU80OrdKK8=">AAACEnicbVDLSgMxFM34rPU16krcBIvgxjJTBN0IRTe6q2If0BmHTJppQ5PMkGQKZSj+hL/gVvfuxK0/4NYvMW1noa0HLhzOuTc394QJo0o7zpe1sLi0vLJaWCuub2xubds7uw0VpxKTOo5ZLFshUoRRQeqaakZaiSSIh4w0w/7V2G8OiFQ0Fvd6mBCfo66gEcVIGymw970BkrpHNHrIPMnhzd0oEBcVceIGdskpOxPAeeLmpARy1AL72+vEOOVEaMyQUm3XSbSfmecpZmRU9FJFEoT7qEvahgrEifKzyQkjeGSUDoxiaUpoOFF/T2SIKzXkoenkSPfUrDcW//VCPrNZR+d+RkWSaiLwdHGUMqhjOM4HdqgkWLOhIQhLav4OcQ9JhLVJsWhCcWcjmCeNStl1yu7taal6mcdTAAfgEBwDF5yBKrgGNVAHGDyCZ/ACXq0n6816tz6mrQtWPrMH/sD6/AEX651a</latexit><latexit sha1_base64="9ysaFF2yImn5z/RXEyU80OrdKK8=">AAACEnicbVDLSgMxFM34rPU16krcBIvgxjJTBN0IRTe6q2If0BmHTJppQ5PMkGQKZSj+hL/gVvfuxK0/4NYvMW1noa0HLhzOuTc394QJo0o7zpe1sLi0vLJaWCuub2xubds7uw0VpxKTOo5ZLFshUoRRQeqaakZaiSSIh4w0w/7V2G8OiFQ0Fvd6mBCfo66gEcVIGymw970BkrpHNHrIPMnhzd0oEBcVceIGdskpOxPAeeLmpARy1AL72+vEOOVEaMyQUm3XSbSfmecpZmRU9FJFEoT7qEvahgrEifKzyQkjeGSUDoxiaUpoOFF/T2SIKzXkoenkSPfUrDcW//VCPrNZR+d+RkWSaiLwdHGUMqhjOM4HdqgkWLOhIQhLav4OcQ9JhLVJsWhCcWcjmCeNStl1yu7taal6mcdTAAfgEBwDF5yBKrgGNVAHGDyCZ/ACXq0n6816tz6mrQtWPrMH/sD6/AEX651a</latexit><latexit sha1_base64="9ysaFF2yImn5z/RXEyU80OrdKK8=">AAACEnicbVDLSgMxFM34rPU16krcBIvgxjJTBN0IRTe6q2If0BmHTJppQ5PMkGQKZSj+hL/gVvfuxK0/4NYvMW1noa0HLhzOuTc394QJo0o7zpe1sLi0vLJaWCuub2xubds7uw0VpxKTOo5ZLFshUoRRQeqaakZaiSSIh4w0w/7V2G8OiFQ0Fvd6mBCfo66gEcVIGymw970BkrpHNHrIPMnhzd0oEBcVceIGdskpOxPAeeLmpARy1AL72+vEOOVEaMyQUm3XSbSfmecpZmRU9FJFEoT7qEvahgrEifKzyQkjeGSUDoxiaUpoOFF/T2SIKzXkoenkSPfUrDcW//VCPrNZR+d+RkWSaiLwdHGUMqhjOM4HdqgkWLOhIQhLav4OcQ9JhLVJsWhCcWcjmCeNStl1yu7taal6mcdTAAfgEBwDF5yBKrgGNVAHGDyCZ/ACXq0n6816tz6mrQtWPrMH/sD6/AEX651a</latexit>

large quantum effects



Gross-Neveu 

…yet non-perturbatively renormalisable 
interacting UV fixed point

4-fermion interactions
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<latexit sha1_base64="DGefSRNDVbUmjocLkpKmLIdAlWU=">AAAB/nicbVC7SgNBFL0bXzG+opY2g0GwMewGQRshaKFlBPOAZAmzs7PJkJnZZWZWCEvAX7DV3k5s/RVbv8RJsoUmHrhwOOdezuUECWfauO6XU1hZXVvfKG6WtrZ3dvfK+wctHaeK0CaJeaw6AdaUM0mbhhlOO4miWASctoPRzdRvP1KlWSwfzDihvsADySJGsLFSu3vrX9XOwn654lbdGdAy8XJSgRyNfvm7F8YkFVQawrHWXc9NjJ9hZRjhdFLqpZommIzwgHYtlVhQ7WezdyfoxCohimJlRxo0U39fZFhoPRaB3RTYDPWiNxX/9QKxkGyiSz9jMkkNlWQeHKUcmRhNu0AhU5QYPrYEE8Xs74gMscLE2MZKthRvsYJl0qpVPbfq3Z9X6td5PUU4gmM4BQ8uoA530IAmEBjBM7zAq/PkvDnvzsd8teDkN4fwB87nD2vAlWU=</latexit><latexit sha1_base64="DGefSRNDVbUmjocLkpKmLIdAlWU=">AAAB/nicbVC7SgNBFL0bXzG+opY2g0GwMewGQRshaKFlBPOAZAmzs7PJkJnZZWZWCEvAX7DV3k5s/RVbv8RJsoUmHrhwOOdezuUECWfauO6XU1hZXVvfKG6WtrZ3dvfK+wctHaeK0CaJeaw6AdaUM0mbhhlOO4miWASctoPRzdRvP1KlWSwfzDihvsADySJGsLFSu3vrX9XOwn654lbdGdAy8XJSgRyNfvm7F8YkFVQawrHWXc9NjJ9hZRjhdFLqpZommIzwgHYtlVhQ7WezdyfoxCohimJlRxo0U39fZFhoPRaB3RTYDPWiNxX/9QKxkGyiSz9jMkkNlWQeHKUcmRhNu0AhU5QYPrYEE8Xs74gMscLE2MZKthRvsYJl0qpVPbfq3Z9X6td5PUU4gmM4BQ8uoA530IAmEBjBM7zAq/PkvDnvzsd8teDkN4fwB87nD2vAlWU=</latexit><latexit sha1_base64="DGefSRNDVbUmjocLkpKmLIdAlWU=">AAAB/nicbVC7SgNBFL0bXzG+opY2g0GwMewGQRshaKFlBPOAZAmzs7PJkJnZZWZWCEvAX7DV3k5s/RVbv8RJsoUmHrhwOOdezuUECWfauO6XU1hZXVvfKG6WtrZ3dvfK+wctHaeK0CaJeaw6AdaUM0mbhhlOO4miWASctoPRzdRvP1KlWSwfzDihvsADySJGsLFSu3vrX9XOwn654lbdGdAy8XJSgRyNfvm7F8YkFVQawrHWXc9NjJ9hZRjhdFLqpZommIzwgHYtlVhQ7WezdyfoxCohimJlRxo0U39fZFhoPRaB3RTYDPWiNxX/9QKxkGyiSz9jMkkNlWQeHKUcmRhNu0AhU5QYPrYEE8Xs74gMscLE2MZKthRvsYJl0qpVPbfq3Z9X6td5PUU4gmM4BQ8uoA530IAmEBjBM7zAq/PkvDnvzsd8teDkN4fwB87nD2vAlWU=</latexit><latexit sha1_base64="DGefSRNDVbUmjocLkpKmLIdAlWU=">AAAB/nicbVC7SgNBFL0bXzG+opY2g0GwMewGQRshaKFlBPOAZAmzs7PJkJnZZWZWCEvAX7DV3k5s/RVbv8RJsoUmHrhwOOdezuUECWfauO6XU1hZXVvfKG6WtrZ3dvfK+wctHaeK0CaJeaw6AdaUM0mbhhlOO4miWASctoPRzdRvP1KlWSwfzDihvsADySJGsLFSu3vrX9XOwn654lbdGdAy8XJSgRyNfvm7F8YkFVQawrHWXc9NjJ9hZRjhdFLqpZommIzwgHYtlVhQ7WezdyfoxCohimJlRxo0U39fZFhoPRaB3RTYDPWiNxX/9QKxkGyiSz9jMkkNlWQeHKUcmRhNu0AhU5QYPrYEE8Xs74gMscLE2MZKthRvsYJl0qpVPbfq3Z9X6td5PUU4gmM4BQ8uoA530IAmEBjBM7zAq/PkvDnvzsd8teDkN4fwB87nD2vAlWU=</latexit>

Gawedzki, Kupiainen ’85
Rosenstein, War, Park ’89

de Calan, Faria da Veiga, Magnen, de Seneor ’91

Gross,  Neveu ‘74

chiral symmetry

Jakovac, Patkos ’13, ‘14

U(N) symmetric fermions

Cresswell-Hogg, Litim,’22, ’23 and in prep ‘24
functional RG



Gross-Neveu+ 

[H] = 3� 2d
<latexit sha1_base64="Yqh2lyY3PBxH4Jv9odLn9gVzr38=">AAAB/3icbVC7SgNBFL3rM8ZX1NJmMAg2ht0oaCMEbVJGMA9IljA7O5sMmZldZmaFsKTwF2y1txNbP8XWL3GSbKGJBy4czrmXczlBwpk2rvvlrKyurW9sFraK2zu7e/ulg8OWjlNFaJPEPFadAGvKmaRNwwynnURRLAJO28Hobuq3H6nSLJYPZpxQX+CBZBEj2Fip0637Nxfn1bBfKrsVdwa0TLyclCFHo1/67oUxSQWVhnCsdddzE+NnWBlGOJ0Ue6mmCSYjPKBdSyUWVPvZ7N8JOrVKiKJY2ZEGzdTfFxkWWo9FYDcFNkO96E3Ff71ALCSb6NrPmExSQyWZB0cpRyZG0zJQyBQlho8twUQx+zsiQ6wwMbayoi3FW6xgmbSqFc+tePeX5dptXk8BjuEEzsCDK6hBHRrQBAIcnuEFXp0n5815dz7mqytOfnMEf+B8/gDkppWj</latexit><latexit sha1_base64="Yqh2lyY3PBxH4Jv9odLn9gVzr38=">AAAB/3icbVC7SgNBFL3rM8ZX1NJmMAg2ht0oaCMEbVJGMA9IljA7O5sMmZldZmaFsKTwF2y1txNbP8XWL3GSbKGJBy4czrmXczlBwpk2rvvlrKyurW9sFraK2zu7e/ulg8OWjlNFaJPEPFadAGvKmaRNwwynnURRLAJO28Hobuq3H6nSLJYPZpxQX+CBZBEj2Fip0637Nxfn1bBfKrsVdwa0TLyclCFHo1/67oUxSQWVhnCsdddzE+NnWBlGOJ0Ue6mmCSYjPKBdSyUWVPvZ7N8JOrVKiKJY2ZEGzdTfFxkWWo9FYDcFNkO96E3Ff71ALCSb6NrPmExSQyWZB0cpRyZG0zJQyBQlho8twUQx+zsiQ6wwMbayoi3FW6xgmbSqFc+tePeX5dptXk8BjuEEzsCDK6hBHRrQBAIcnuEFXp0n5815dz7mqytOfnMEf+B8/gDkppWj</latexit><latexit sha1_base64="Yqh2lyY3PBxH4Jv9odLn9gVzr38=">AAAB/3icbVC7SgNBFL3rM8ZX1NJmMAg2ht0oaCMEbVJGMA9IljA7O5sMmZldZmaFsKTwF2y1txNbP8XWL3GSbKGJBy4czrmXczlBwpk2rvvlrKyurW9sFraK2zu7e/ulg8OWjlNFaJPEPFadAGvKmaRNwwynnURRLAJO28Hobuq3H6nSLJYPZpxQX+CBZBEj2Fip0637Nxfn1bBfKrsVdwa0TLyclCFHo1/67oUxSQWVhnCsdddzE+NnWBlGOJ0Ue6mmCSYjPKBdSyUWVPvZ7N8JOrVKiKJY2ZEGzdTfFxkWWo9FYDcFNkO96E3Ff71ALCSb6NrPmExSQyWZB0cpRyZG0zJQyBQlho8twUQx+zsiQ6wwMbayoi3FW6xgmbSqFc+tePeX5dptXk8BjuEEzsCDK6hBHRrQBAIcnuEFXp0n5815dz7mqytOfnMEf+B8/gDkppWj</latexit><latexit sha1_base64="Yqh2lyY3PBxH4Jv9odLn9gVzr38=">AAAB/3icbVC7SgNBFL3rM8ZX1NJmMAg2ht0oaCMEbVJGMA9IljA7O5sMmZldZmaFsKTwF2y1txNbP8XWL3GSbKGJBy4czrmXczlBwpk2rvvlrKyurW9sFraK2zu7e/ulg8OWjlNFaJPEPFadAGvKmaRNwwynnURRLAJO28Hobuq3H6nSLJYPZpxQX+CBZBEj2Fip0637Nxfn1bBfKrsVdwa0TLyclCFHo1/67oUxSQWVhnCsdddzE+NnWBlGOJ0Ue6mmCSYjPKBdSyUWVPvZ7N8JOrVKiKJY2ZEGzdTfFxkWWo9FYDcFNkO96E3Ff71ALCSb6NrPmExSQyWZB0cpRyZG0zJQyBQlho8twUQx+zsiQ6wwMbayoi3FW6xgmbSqFc+tePeX5dptXk8BjuEEzsCDK6hBHRrQBAIcnuEFXp0n5815dz7mqytOfnMEf+B8/gDkppWj</latexit>

6-fermion interactions permitted

relax chiral symmetry

mass term permitted m ̄ 
<latexit sha1_base64="0RIbHvw3MmjP5EOjVFbN/lImZDs=">AAACBHicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sYxgHpBdwuxkNhkyM7uZmRXCktZfsNXeTmz9D1u/xNlkC008cOFwzr2cywkTzrRx3S+ntLa+sblV3q7s7O7tH1QPj9o6ThWhLRLzWHVDrClnkrYMM5x2E0WxCDnthOPb3O88UqVZLB/MNKGBwEPJIkawsVIg/BArP9Esn3615tbdOdAq8QpSgwLNfvXbH8QkFVQawrHWPc9NTJBhZRjhdFbxU00TTMZ4SHuWSiyoDrL50zN0ZpUBimJlRxo0V39fZFhoPRWh3RTYjPSyl4v/eqFYSjbRdZAxmaSGSrIIjlKOTIzyRtCAKUoMn1qCiWL2d0RGWGFibG8VW4q3XMEqaV/UPbfu3V/WGjdFPWU4gVM4Bw+uoAF30IQWEJjAM7zAq/PkvDnvzsditeQUN8fwB87nD5vumPA=</latexit><latexit sha1_base64="0RIbHvw3MmjP5EOjVFbN/lImZDs=">AAACBHicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sYxgHpBdwuxkNhkyM7uZmRXCktZfsNXeTmz9D1u/xNlkC008cOFwzr2cywkTzrRx3S+ntLa+sblV3q7s7O7tH1QPj9o6ThWhLRLzWHVDrClnkrYMM5x2E0WxCDnthOPb3O88UqVZLB/MNKGBwEPJIkawsVIg/BArP9Esn3615tbdOdAq8QpSgwLNfvXbH8QkFVQawrHWPc9NTJBhZRjhdFbxU00TTMZ4SHuWSiyoDrL50zN0ZpUBimJlRxo0V39fZFhoPRWh3RTYjPSyl4v/eqFYSjbRdZAxmaSGSrIIjlKOTIzyRtCAKUoMn1qCiWL2d0RGWGFibG8VW4q3XMEqaV/UPbfu3V/WGjdFPWU4gVM4Bw+uoAF30IQWEJjAM7zAq/PkvDnvzsditeQUN8fwB87nD5vumPA=</latexit><latexit sha1_base64="0RIbHvw3MmjP5EOjVFbN/lImZDs=">AAACBHicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sYxgHpBdwuxkNhkyM7uZmRXCktZfsNXeTmz9D1u/xNlkC008cOFwzr2cywkTzrRx3S+ntLa+sblV3q7s7O7tH1QPj9o6ThWhLRLzWHVDrClnkrYMM5x2E0WxCDnthOPb3O88UqVZLB/MNKGBwEPJIkawsVIg/BArP9Esn3615tbdOdAq8QpSgwLNfvXbH8QkFVQawrHWPc9NTJBhZRjhdFbxU00TTMZ4SHuWSiyoDrL50zN0ZpUBimJlRxo0V39fZFhoPRWh3RTYjPSyl4v/eqFYSjbRdZAxmaSGSrIIjlKOTIzyRtCAKUoMn1qCiWL2d0RGWGFibG8VW4q3XMEqaV/UPbfu3V/WGjdFPWU4gVM4Bw+uoAF30IQWEJjAM7zAq/PkvDnvzsditeQUN8fwB87nD5vumPA=</latexit><latexit sha1_base64="0RIbHvw3MmjP5EOjVFbN/lImZDs=">AAACBHicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sYxgHpBdwuxkNhkyM7uZmRXCktZfsNXeTmz9D1u/xNlkC008cOFwzr2cywkTzrRx3S+ntLa+sblV3q7s7O7tH1QPj9o6ThWhLRLzWHVDrClnkrYMM5x2E0WxCDnthOPb3O88UqVZLB/MNKGBwEPJIkawsVIg/BArP9Esn3615tbdOdAq8QpSgwLNfvXbH8QkFVQawrHWPc9NTJBhZRjhdFbxU00TTMZ4SHuWSiyoDrL50zN0ZpUBimJlRxo0V39fZFhoPRWh3RTYjPSyl4v/eqFYSjbRdZAxmaSGSrIIjlKOTIzyRtCAKUoMn1qCiWL2d0RGWGFibG8VW4q3XMEqaV/UPbfu3V/WGjdFPWU4gVM4Bw+uoAF30IQWEJjAM7zAq/PkvDnvzsditeQUN8fwB87nD5vumPA=</latexit>

exactly solvable at infinite Nf
functional RG

Cresswell-Hogg, Litim, Line of fixed points in Gross-Neveu theories 2207.10115 
Critical fermions with spontaneous broken sale symmetry 2212.06815 

Scale-symmetry breaking and generation of mass at quantum critical points 2311.16246



“theory space”

relevant

interactions

.

.

.

�n( ̄ )
n

<latexit sha1_base64="BBHFhZE3/+S+7DDfLaysbxTWM3k=">AAACFHicbVC7TsMwFHV4lvIqMHaxqJDKUiUICcYKFsYi0YfUhOrGcVqrjhPZDlIVdeAn+AVW2NkQKzsrX4LTZoCWI13p6Jxzde3jJ5wpbdtf1srq2vrGZmmrvL2zu7dfOTjsqDiVhLZJzGPZ80FRzgRta6Y57SWSQuRz2vXH17nffaBSsVjc6UlCvQiGgoWMgDbSoFJ1uQkHMBC47vogsZsols/pvXFrdsOeAS8TpyA1VKA1qHy7QUzSiApNOCjVd+xEexlIzQin07KbKpoAGcOQ9g0VEFHlZbNPTPGJUQIcxtKM0Him/t7IIFJqEvkmGYEeqUUvF//1/Gjhsg4vvYyJJNVUkPnhMOVYxzhvCAdMUqL5xBAgkpm3YzICCUSbHsumFGexgmXSOWs4dsO5Pa81r4p6SqiKjlEdOegCNdENaqE2IugRPaMX9Go9WW/Wu/Uxj65Yxc4R+gPr8wePD54n</latexit><latexit sha1_base64="BBHFhZE3/+S+7DDfLaysbxTWM3k=">AAACFHicbVC7TsMwFHV4lvIqMHaxqJDKUiUICcYKFsYi0YfUhOrGcVqrjhPZDlIVdeAn+AVW2NkQKzsrX4LTZoCWI13p6Jxzde3jJ5wpbdtf1srq2vrGZmmrvL2zu7dfOTjsqDiVhLZJzGPZ80FRzgRta6Y57SWSQuRz2vXH17nffaBSsVjc6UlCvQiGgoWMgDbSoFJ1uQkHMBC47vogsZsols/pvXFrdsOeAS8TpyA1VKA1qHy7QUzSiApNOCjVd+xEexlIzQin07KbKpoAGcOQ9g0VEFHlZbNPTPGJUQIcxtKM0Him/t7IIFJqEvkmGYEeqUUvF//1/Gjhsg4vvYyJJNVUkPnhMOVYxzhvCAdMUqL5xBAgkpm3YzICCUSbHsumFGexgmXSOWs4dsO5Pa81r4p6SqiKjlEdOegCNdENaqE2IugRPaMX9Go9WW/Wu/Uxj65Yxc4R+gPr8wePD54n</latexit><latexit sha1_base64="BBHFhZE3/+S+7DDfLaysbxTWM3k=">AAACFHicbVC7TsMwFHV4lvIqMHaxqJDKUiUICcYKFsYi0YfUhOrGcVqrjhPZDlIVdeAn+AVW2NkQKzsrX4LTZoCWI13p6Jxzde3jJ5wpbdtf1srq2vrGZmmrvL2zu7dfOTjsqDiVhLZJzGPZ80FRzgRta6Y57SWSQuRz2vXH17nffaBSsVjc6UlCvQiGgoWMgDbSoFJ1uQkHMBC47vogsZsols/pvXFrdsOeAS8TpyA1VKA1qHy7QUzSiApNOCjVd+xEexlIzQin07KbKpoAGcOQ9g0VEFHlZbNPTPGJUQIcxtKM0Him/t7IIFJqEvkmGYEeqUUvF//1/Gjhsg4vvYyJJNVUkPnhMOVYxzhvCAdMUqL5xBAgkpm3YzICCUSbHsumFGexgmXSOWs4dsO5Pa81r4p6SqiKjlEdOegCNdENaqE2IugRPaMX9Go9WW/Wu/Uxj65Yxc4R+gPr8wePD54n</latexit><latexit sha1_base64="BBHFhZE3/+S+7DDfLaysbxTWM3k=">AAACFHicbVC7TsMwFHV4lvIqMHaxqJDKUiUICcYKFsYi0YfUhOrGcVqrjhPZDlIVdeAn+AVW2NkQKzsrX4LTZoCWI13p6Jxzde3jJ5wpbdtf1srq2vrGZmmrvL2zu7dfOTjsqDiVhLZJzGPZ80FRzgRta6Y57SWSQuRz2vXH17nffaBSsVjc6UlCvQiGgoWMgDbSoFJ1uQkHMBC47vogsZsols/pvXFrdsOeAS8TpyA1VKA1qHy7QUzSiApNOCjVd+xEexlIzQin07KbKpoAGcOQ9g0VEFHlZbNPTPGJUQIcxtKM0Him/t7IIFJqEvkmGYEeqUUvF//1/Gjhsg4vvYyJJNVUkPnhMOVYxzhvCAdMUqL5xBAgkpm3YzICCUSbHsumFGexgmXSOWs4dsO5Pa81r4p6SqiKjlEdOegCNdENaqE2IugRPaMX9Go9WW/Wu/Uxj65Yxc4R+gPr8wePD54n</latexit>

�3( ̄ )
3

<latexit sha1_base64="3brxtp6z5CcYl3UuPQcje35etAA=">AAACFHicbVC7TsMwFHV4lvIKMHaxqJDKUiUUCcYKFsYi0YfUhMhx3Naq7US2g1RFHfgJfoEVdjbEys7Kl+C0GaDlSFc6OudcXfuECaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxde53H4hUNBZ3epIQn6OhoAOKkTZSYFc8ZsIRChqw5oVIQi9RNJ/T+0ZgV526MwNcJm5BqqBAK7C/vSjGKSdCY4aU6rtOov0MSU0xI9OylyqSIDxGQ9I3VCBOlJ/NPjGFJ0aJ4CCWZoSGM/X3Roa4UhMemiRHeqQWvVz81wv5wmU9uPQzKpJUE4HnhwcpgzqGeUMwopJgzSaGICypeTvEIyQR1qbHsinFXaxgmXTO6q5Td2/Pq82rop4SqIBjUAMuuABNcANaoA0weATP4AW8Wk/Wm/VufcyjK1axcwT+wPr8AdCinbE=</latexit><latexit sha1_base64="3brxtp6z5CcYl3UuPQcje35etAA=">AAACFHicbVC7TsMwFHV4lvIKMHaxqJDKUiUUCcYKFsYi0YfUhMhx3Naq7US2g1RFHfgJfoEVdjbEys7Kl+C0GaDlSFc6OudcXfuECaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxde53H4hUNBZ3epIQn6OhoAOKkTZSYFc8ZsIRChqw5oVIQi9RNJ/T+0ZgV526MwNcJm5BqqBAK7C/vSjGKSdCY4aU6rtOov0MSU0xI9OylyqSIDxGQ9I3VCBOlJ/NPjGFJ0aJ4CCWZoSGM/X3Roa4UhMemiRHeqQWvVz81wv5wmU9uPQzKpJUE4HnhwcpgzqGeUMwopJgzSaGICypeTvEIyQR1qbHsinFXaxgmXTO6q5Td2/Pq82rop4SqIBjUAMuuABNcANaoA0weATP4AW8Wk/Wm/VufcyjK1axcwT+wPr8AdCinbE=</latexit><latexit sha1_base64="3brxtp6z5CcYl3UuPQcje35etAA=">AAACFHicbVC7TsMwFHV4lvIKMHaxqJDKUiUUCcYKFsYi0YfUhMhx3Naq7US2g1RFHfgJfoEVdjbEys7Kl+C0GaDlSFc6OudcXfuECaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxde53H4hUNBZ3epIQn6OhoAOKkTZSYFc8ZsIRChqw5oVIQi9RNJ/T+0ZgV526MwNcJm5BqqBAK7C/vSjGKSdCY4aU6rtOov0MSU0xI9OylyqSIDxGQ9I3VCBOlJ/NPjGFJ0aJ4CCWZoSGM/X3Roa4UhMemiRHeqQWvVz81wv5wmU9uPQzKpJUE4HnhwcpgzqGeUMwopJgzSaGICypeTvEIyQR1qbHsinFXaxgmXTO6q5Td2/Pq82rop4SqIBjUAMuuABNcANaoA0weATP4AW8Wk/Wm/VufcyjK1axcwT+wPr8AdCinbE=</latexit><latexit sha1_base64="3brxtp6z5CcYl3UuPQcje35etAA=">AAACFHicbVC7TsMwFHV4lvIKMHaxqJDKUiUUCcYKFsYi0YfUhMhx3Naq7US2g1RFHfgJfoEVdjbEys7Kl+C0GaDlSFc6OudcXfuECaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxde53H4hUNBZ3epIQn6OhoAOKkTZSYFc8ZsIRChqw5oVIQi9RNJ/T+0ZgV526MwNcJm5BqqBAK7C/vSjGKSdCY4aU6rtOov0MSU0xI9OylyqSIDxGQ9I3VCBOlJ/NPjGFJ0aJ4CCWZoSGM/X3Roa4UhMemiRHeqQWvVz81wv5wmU9uPQzKpJUE4HnhwcpgzqGeUMwopJgzSaGICypeTvEIyQR1qbHsinFXaxgmXTO6q5Td2/Pq82rop4SqIBjUAMuuABNcANaoA0weATP4AW8Wk/Wm/VufcyjK1axcwT+wPr8AdCinbE=</latexit>

�2( ̄ )
2

<latexit sha1_base64="GDtpWEt+tRl99xax6D0VgvfNGx4=">AAACFHicbVC7TsMwFHXKq5RXgLGLRYVUliqpkGCsYGEsEn1ITYgcx2mt2k5kO0hV1IGf4BdYYWdDrOysfAlumwFajnSlo3PO1bVPmDKqtON8WaW19Y3NrfJ2ZWd3b//APjzqqiSTmHRwwhLZD5EijArS0VQz0k8lQTxkpBeOr2d+74FIRRNxpycp8TkaChpTjLSRArvqMROOUNCEdS9EEnqporM5u28Gds1pOHPAVeIWpAYKtAP724sSnHEiNGZIqYHrpNrPkdQUMzKteJkiKcJjNCQDQwXiRPn5/BNTeGqUCMaJNCM0nKu/N3LElZrw0CQ50iO17M3Ef72QL13W8aWfU5Fmmgi8OBxnDOoEzhqCEZUEazYxBGFJzdshHiGJsDY9Vkwp7nIFq6TbbLhOw709r7WuinrKoApOQB244AK0wA1ogw7A4BE8gxfwaj1Zb9a79bGIlqxi5xj8gfX5A81ona8=</latexit><latexit sha1_base64="GDtpWEt+tRl99xax6D0VgvfNGx4=">AAACFHicbVC7TsMwFHXKq5RXgLGLRYVUliqpkGCsYGEsEn1ITYgcx2mt2k5kO0hV1IGf4BdYYWdDrOysfAlumwFajnSlo3PO1bVPmDKqtON8WaW19Y3NrfJ2ZWd3b//APjzqqiSTmHRwwhLZD5EijArS0VQz0k8lQTxkpBeOr2d+74FIRRNxpycp8TkaChpTjLSRArvqMROOUNCEdS9EEnqporM5u28Gds1pOHPAVeIWpAYKtAP724sSnHEiNGZIqYHrpNrPkdQUMzKteJkiKcJjNCQDQwXiRPn5/BNTeGqUCMaJNCM0nKu/N3LElZrw0CQ50iO17M3Ef72QL13W8aWfU5Fmmgi8OBxnDOoEzhqCEZUEazYxBGFJzdshHiGJsDY9Vkwp7nIFq6TbbLhOw709r7WuinrKoApOQB244AK0wA1ogw7A4BE8gxfwaj1Zb9a79bGIlqxi5xj8gfX5A81ona8=</latexit><latexit sha1_base64="GDtpWEt+tRl99xax6D0VgvfNGx4=">AAACFHicbVC7TsMwFHXKq5RXgLGLRYVUliqpkGCsYGEsEn1ITYgcx2mt2k5kO0hV1IGf4BdYYWdDrOysfAlumwFajnSlo3PO1bVPmDKqtON8WaW19Y3NrfJ2ZWd3b//APjzqqiSTmHRwwhLZD5EijArS0VQz0k8lQTxkpBeOr2d+74FIRRNxpycp8TkaChpTjLSRArvqMROOUNCEdS9EEnqporM5u28Gds1pOHPAVeIWpAYKtAP724sSnHEiNGZIqYHrpNrPkdQUMzKteJkiKcJjNCQDQwXiRPn5/BNTeGqUCMaJNCM0nKu/N3LElZrw0CQ50iO17M3Ef72QL13W8aWfU5Fmmgi8OBxnDOoEzhqCEZUEazYxBGFJzdshHiGJsDY9Vkwp7nIFq6TbbLhOw709r7WuinrKoApOQB244AK0wA1ogw7A4BE8gxfwaj1Zb9a79bGIlqxi5xj8gfX5A81ona8=</latexit><latexit sha1_base64="GDtpWEt+tRl99xax6D0VgvfNGx4=">AAACFHicbVC7TsMwFHXKq5RXgLGLRYVUliqpkGCsYGEsEn1ITYgcx2mt2k5kO0hV1IGf4BdYYWdDrOysfAlumwFajnSlo3PO1bVPmDKqtON8WaW19Y3NrfJ2ZWd3b//APjzqqiSTmHRwwhLZD5EijArS0VQz0k8lQTxkpBeOr2d+74FIRRNxpycp8TkaChpTjLSRArvqMROOUNCEdS9EEnqporM5u28Gds1pOHPAVeIWpAYKtAP724sSnHEiNGZIqYHrpNrPkdQUMzKteJkiKcJjNCQDQwXiRPn5/BNTeGqUCMaJNCM0nKu/N3LElZrw0CQ50iO17M3Ef72QL13W8aWfU5Fmmgi8OBxnDOoEzhqCEZUEazYxBGFJzdshHiGJsDY9Vkwp7nIFq6TbbLhOw709r7WuinrKoApOQB244AK0wA1ogw7A4BE8gxfwaj1Zb9a79bGIlqxi5xj8gfX5A81ona8=</latexit>

�1  ̄ 
<latexit sha1_base64="8e7VLdQM3fiXhgzWO5HM1EhhQQc=">AAACEnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJoSbyaQdOpOEmYlQSvEn/AW3uncnbv0Bt36JkzYLbT1w4XDOudyZE2acKe04X1ZlaXllda26XtvY3NresXf3OirNJaFtkvJUdkNQlLOEtjXTnHYzSUGEnN6Hw+vCv3+gUrE0udOjjPoC+gmLGQFtpMA+8LgJRxC42Dv1QpDYyxQrJrDrTsOZAi8StyR1VKIV2N9elJJc0EQTDkr1XCfT/hikZoTTSc3LFc2ADKFPe4YmIKjyx9MvTPCxUSIcp9JMovFU/b0xBqHUSIQmKUAP1LxXiP96oZi7rONLf8ySLNc0IbPDcc6xTnHRD46YpETzkSFAJDNvx2QAEog2LdZMKe58BYukc9ZwnYZ7e15vXpX1VNEhOkInyEUXqIluUAu1EUGP6Bm9oFfryXqz3q2PWbRilTv76A+szx/i7p1B</latexit><latexit sha1_base64="8e7VLdQM3fiXhgzWO5HM1EhhQQc=">AAACEnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJoSbyaQdOpOEmYlQSvEn/AW3uncnbv0Bt36JkzYLbT1w4XDOudyZE2acKe04X1ZlaXllda26XtvY3NresXf3OirNJaFtkvJUdkNQlLOEtjXTnHYzSUGEnN6Hw+vCv3+gUrE0udOjjPoC+gmLGQFtpMA+8LgJRxC42Dv1QpDYyxQrJrDrTsOZAi8StyR1VKIV2N9elJJc0EQTDkr1XCfT/hikZoTTSc3LFc2ADKFPe4YmIKjyx9MvTPCxUSIcp9JMovFU/b0xBqHUSIQmKUAP1LxXiP96oZi7rONLf8ySLNc0IbPDcc6xTnHRD46YpETzkSFAJDNvx2QAEog2LdZMKe58BYukc9ZwnYZ7e15vXpX1VNEhOkInyEUXqIluUAu1EUGP6Bm9oFfryXqz3q2PWbRilTv76A+szx/i7p1B</latexit><latexit sha1_base64="8e7VLdQM3fiXhgzWO5HM1EhhQQc=">AAACEnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJoSbyaQdOpOEmYlQSvEn/AW3uncnbv0Bt36JkzYLbT1w4XDOudyZE2acKe04X1ZlaXllda26XtvY3NresXf3OirNJaFtkvJUdkNQlLOEtjXTnHYzSUGEnN6Hw+vCv3+gUrE0udOjjPoC+gmLGQFtpMA+8LgJRxC42Dv1QpDYyxQrJrDrTsOZAi8StyR1VKIV2N9elJJc0EQTDkr1XCfT/hikZoTTSc3LFc2ADKFPe4YmIKjyx9MvTPCxUSIcp9JMovFU/b0xBqHUSIQmKUAP1LxXiP96oZi7rONLf8ySLNc0IbPDcc6xTnHRD46YpETzkSFAJDNvx2QAEog2LdZMKe58BYukc9ZwnYZ7e15vXpX1VNEhOkInyEUXqIluUAu1EUGP6Bm9oFfryXqz3q2PWbRilTv76A+szx/i7p1B</latexit><latexit sha1_base64="8e7VLdQM3fiXhgzWO5HM1EhhQQc=">AAACEnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJoSbyaQdOpOEmYlQSvEn/AW3uncnbv0Bt36JkzYLbT1w4XDOudyZE2acKe04X1ZlaXllda26XtvY3NresXf3OirNJaFtkvJUdkNQlLOEtjXTnHYzSUGEnN6Hw+vCv3+gUrE0udOjjPoC+gmLGQFtpMA+8LgJRxC42Dv1QpDYyxQrJrDrTsOZAi8StyR1VKIV2N9elJJc0EQTDkr1XCfT/hikZoTTSc3LFc2ADKFPe4YmIKjyx9MvTPCxUSIcp9JMovFU/b0xBqHUSIQmKUAP1LxXiP96oZi7rONLf8ySLNc0IbPDcc6xTnHRD46YpETzkSFAJDNvx2QAEog2LdZMKe58BYukc9ZwnYZ7e15vXpX1VNEhOkInyEUXqIluUAu1EUGP6Bm9oFfryXqz3q2PWbRilTv76A+szx/i7p1B</latexit>
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�n( ̄ )
n

<latexit sha1_base64="BBHFhZE3/+S+7DDfLaysbxTWM3k=">AAACFHicbVC7TsMwFHV4lvIqMHaxqJDKUiUICcYKFsYi0YfUhOrGcVqrjhPZDlIVdeAn+AVW2NkQKzsrX4LTZoCWI13p6Jxzde3jJ5wpbdtf1srq2vrGZmmrvL2zu7dfOTjsqDiVhLZJzGPZ80FRzgRta6Y57SWSQuRz2vXH17nffaBSsVjc6UlCvQiGgoWMgDbSoFJ1uQkHMBC47vogsZsols/pvXFrdsOeAS8TpyA1VKA1qHy7QUzSiApNOCjVd+xEexlIzQin07KbKpoAGcOQ9g0VEFHlZbNPTPGJUQIcxtKM0Him/t7IIFJqEvkmGYEeqUUvF//1/Gjhsg4vvYyJJNVUkPnhMOVYxzhvCAdMUqL5xBAgkpm3YzICCUSbHsumFGexgmXSOWs4dsO5Pa81r4p6SqiKjlEdOegCNdENaqE2IugRPaMX9Go9WW/Wu/Uxj65Yxc4R+gPr8wePD54n</latexit><latexit sha1_base64="BBHFhZE3/+S+7DDfLaysbxTWM3k=">AAACFHicbVC7TsMwFHV4lvIqMHaxqJDKUiUICcYKFsYi0YfUhOrGcVqrjhPZDlIVdeAn+AVW2NkQKzsrX4LTZoCWI13p6Jxzde3jJ5wpbdtf1srq2vrGZmmrvL2zu7dfOTjsqDiVhLZJzGPZ80FRzgRta6Y57SWSQuRz2vXH17nffaBSsVjc6UlCvQiGgoWMgDbSoFJ1uQkHMBC47vogsZsols/pvXFrdsOeAS8TpyA1VKA1qHy7QUzSiApNOCjVd+xEexlIzQin07KbKpoAGcOQ9g0VEFHlZbNPTPGJUQIcxtKM0Him/t7IIFJqEvkmGYEeqUUvF//1/Gjhsg4vvYyJJNVUkPnhMOVYxzhvCAdMUqL5xBAgkpm3YzICCUSbHsumFGexgmXSOWs4dsO5Pa81r4p6SqiKjlEdOegCNdENaqE2IugRPaMX9Go9WW/Wu/Uxj65Yxc4R+gPr8wePD54n</latexit><latexit sha1_base64="BBHFhZE3/+S+7DDfLaysbxTWM3k=">AAACFHicbVC7TsMwFHV4lvIqMHaxqJDKUiUICcYKFsYi0YfUhOrGcVqrjhPZDlIVdeAn+AVW2NkQKzsrX4LTZoCWI13p6Jxzde3jJ5wpbdtf1srq2vrGZmmrvL2zu7dfOTjsqDiVhLZJzGPZ80FRzgRta6Y57SWSQuRz2vXH17nffaBSsVjc6UlCvQiGgoWMgDbSoFJ1uQkHMBC47vogsZsols/pvXFrdsOeAS8TpyA1VKA1qHy7QUzSiApNOCjVd+xEexlIzQin07KbKpoAGcOQ9g0VEFHlZbNPTPGJUQIcxtKM0Him/t7IIFJqEvkmGYEeqUUvF//1/Gjhsg4vvYyJJNVUkPnhMOVYxzhvCAdMUqL5xBAgkpm3YzICCUSbHsumFGexgmXSOWs4dsO5Pa81r4p6SqiKjlEdOegCNdENaqE2IugRPaMX9Go9WW/Wu/Uxj65Yxc4R+gPr8wePD54n</latexit><latexit sha1_base64="BBHFhZE3/+S+7DDfLaysbxTWM3k=">AAACFHicbVC7TsMwFHV4lvIqMHaxqJDKUiUICcYKFsYi0YfUhOrGcVqrjhPZDlIVdeAn+AVW2NkQKzsrX4LTZoCWI13p6Jxzde3jJ5wpbdtf1srq2vrGZmmrvL2zu7dfOTjsqDiVhLZJzGPZ80FRzgRta6Y57SWSQuRz2vXH17nffaBSsVjc6UlCvQiGgoWMgDbSoFJ1uQkHMBC47vogsZsols/pvXFrdsOeAS8TpyA1VKA1qHy7QUzSiApNOCjVd+xEexlIzQin07KbKpoAGcOQ9g0VEFHlZbNPTPGJUQIcxtKM0Him/t7IIFJqEvkmGYEeqUUvF//1/Gjhsg4vvYyJJNVUkPnhMOVYxzhvCAdMUqL5xBAgkpm3YzICCUSbHsumFGexgmXSOWs4dsO5Pa81r4p6SqiKjlEdOegCNdENaqE2IugRPaMX9Go9WW/Wu/Uxj65Yxc4R+gPr8wePD54n</latexit>

�3( ̄ )
3

<latexit sha1_base64="3brxtp6z5CcYl3UuPQcje35etAA=">AAACFHicbVC7TsMwFHV4lvIKMHaxqJDKUiUUCcYKFsYi0YfUhMhx3Naq7US2g1RFHfgJfoEVdjbEys7Kl+C0GaDlSFc6OudcXfuECaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxde53H4hUNBZ3epIQn6OhoAOKkTZSYFc8ZsIRChqw5oVIQi9RNJ/T+0ZgV526MwNcJm5BqqBAK7C/vSjGKSdCY4aU6rtOov0MSU0xI9OylyqSIDxGQ9I3VCBOlJ/NPjGFJ0aJ4CCWZoSGM/X3Roa4UhMemiRHeqQWvVz81wv5wmU9uPQzKpJUE4HnhwcpgzqGeUMwopJgzSaGICypeTvEIyQR1qbHsinFXaxgmXTO6q5Td2/Pq82rop4SqIBjUAMuuABNcANaoA0weATP4AW8Wk/Wm/VufcyjK1axcwT+wPr8AdCinbE=</latexit><latexit sha1_base64="3brxtp6z5CcYl3UuPQcje35etAA=">AAACFHicbVC7TsMwFHV4lvIKMHaxqJDKUiUUCcYKFsYi0YfUhMhx3Naq7US2g1RFHfgJfoEVdjbEys7Kl+C0GaDlSFc6OudcXfuECaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxde53H4hUNBZ3epIQn6OhoAOKkTZSYFc8ZsIRChqw5oVIQi9RNJ/T+0ZgV526MwNcJm5BqqBAK7C/vSjGKSdCY4aU6rtOov0MSU0xI9OylyqSIDxGQ9I3VCBOlJ/NPjGFJ0aJ4CCWZoSGM/X3Roa4UhMemiRHeqQWvVz81wv5wmU9uPQzKpJUE4HnhwcpgzqGeUMwopJgzSaGICypeTvEIyQR1qbHsinFXaxgmXTO6q5Td2/Pq82rop4SqIBjUAMuuABNcANaoA0weATP4AW8Wk/Wm/VufcyjK1axcwT+wPr8AdCinbE=</latexit><latexit sha1_base64="3brxtp6z5CcYl3UuPQcje35etAA=">AAACFHicbVC7TsMwFHV4lvIKMHaxqJDKUiUUCcYKFsYi0YfUhMhx3Naq7US2g1RFHfgJfoEVdjbEys7Kl+C0GaDlSFc6OudcXfuECaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxde53H4hUNBZ3epIQn6OhoAOKkTZSYFc8ZsIRChqw5oVIQi9RNJ/T+0ZgV526MwNcJm5BqqBAK7C/vSjGKSdCY4aU6rtOov0MSU0xI9OylyqSIDxGQ9I3VCBOlJ/NPjGFJ0aJ4CCWZoSGM/X3Roa4UhMemiRHeqQWvVz81wv5wmU9uPQzKpJUE4HnhwcpgzqGeUMwopJgzSaGICypeTvEIyQR1qbHsinFXaxgmXTO6q5Td2/Pq82rop4SqIBjUAMuuABNcANaoA0weATP4AW8Wk/Wm/VufcyjK1axcwT+wPr8AdCinbE=</latexit><latexit sha1_base64="3brxtp6z5CcYl3UuPQcje35etAA=">AAACFHicbVC7TsMwFHV4lvIKMHaxqJDKUiUUCcYKFsYi0YfUhMhx3Naq7US2g1RFHfgJfoEVdjbEys7Kl+C0GaDlSFc6OudcXfuECaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxde53H4hUNBZ3epIQn6OhoAOKkTZSYFc8ZsIRChqw5oVIQi9RNJ/T+0ZgV526MwNcJm5BqqBAK7C/vSjGKSdCY4aU6rtOov0MSU0xI9OylyqSIDxGQ9I3VCBOlJ/NPjGFJ0aJ4CCWZoSGM/X3Roa4UhMemiRHeqQWvVz81wv5wmU9uPQzKpJUE4HnhwcpgzqGeUMwopJgzSaGICypeTvEIyQR1qbHsinFXaxgmXTO6q5Td2/Pq82rop4SqIBjUAMuuABNcANaoA0weATP4AW8Wk/Wm/VufcyjK1axcwT+wPr8AdCinbE=</latexit>

�2( ̄ )
2

<latexit sha1_base64="GDtpWEt+tRl99xax6D0VgvfNGx4=">AAACFHicbVC7TsMwFHXKq5RXgLGLRYVUliqpkGCsYGEsEn1ITYgcx2mt2k5kO0hV1IGf4BdYYWdDrOysfAlumwFajnSlo3PO1bVPmDKqtON8WaW19Y3NrfJ2ZWd3b//APjzqqiSTmHRwwhLZD5EijArS0VQz0k8lQTxkpBeOr2d+74FIRRNxpycp8TkaChpTjLSRArvqMROOUNCEdS9EEnqporM5u28Gds1pOHPAVeIWpAYKtAP724sSnHEiNGZIqYHrpNrPkdQUMzKteJkiKcJjNCQDQwXiRPn5/BNTeGqUCMaJNCM0nKu/N3LElZrw0CQ50iO17M3Ef72QL13W8aWfU5Fmmgi8OBxnDOoEzhqCEZUEazYxBGFJzdshHiGJsDY9Vkwp7nIFq6TbbLhOw709r7WuinrKoApOQB244AK0wA1ogw7A4BE8gxfwaj1Zb9a79bGIlqxi5xj8gfX5A81ona8=</latexit><latexit sha1_base64="GDtpWEt+tRl99xax6D0VgvfNGx4=">AAACFHicbVC7TsMwFHXKq5RXgLGLRYVUliqpkGCsYGEsEn1ITYgcx2mt2k5kO0hV1IGf4BdYYWdDrOysfAlumwFajnSlo3PO1bVPmDKqtON8WaW19Y3NrfJ2ZWd3b//APjzqqiSTmHRwwhLZD5EijArS0VQz0k8lQTxkpBeOr2d+74FIRRNxpycp8TkaChpTjLSRArvqMROOUNCEdS9EEnqporM5u28Gds1pOHPAVeIWpAYKtAP724sSnHEiNGZIqYHrpNrPkdQUMzKteJkiKcJjNCQDQwXiRPn5/BNTeGqUCMaJNCM0nKu/N3LElZrw0CQ50iO17M3Ef72QL13W8aWfU5Fmmgi8OBxnDOoEzhqCEZUEazYxBGFJzdshHiGJsDY9Vkwp7nIFq6TbbLhOw709r7WuinrKoApOQB244AK0wA1ogw7A4BE8gxfwaj1Zb9a79bGIlqxi5xj8gfX5A81ona8=</latexit><latexit sha1_base64="GDtpWEt+tRl99xax6D0VgvfNGx4=">AAACFHicbVC7TsMwFHXKq5RXgLGLRYVUliqpkGCsYGEsEn1ITYgcx2mt2k5kO0hV1IGf4BdYYWdDrOysfAlumwFajnSlo3PO1bVPmDKqtON8WaW19Y3NrfJ2ZWd3b//APjzqqiSTmHRwwhLZD5EijArS0VQz0k8lQTxkpBeOr2d+74FIRRNxpycp8TkaChpTjLSRArvqMROOUNCEdS9EEnqporM5u28Gds1pOHPAVeIWpAYKtAP724sSnHEiNGZIqYHrpNrPkdQUMzKteJkiKcJjNCQDQwXiRPn5/BNTeGqUCMaJNCM0nKu/N3LElZrw0CQ50iO17M3Ef72QL13W8aWfU5Fmmgi8OBxnDOoEzhqCEZUEazYxBGFJzdshHiGJsDY9Vkwp7nIFq6TbbLhOw709r7WuinrKoApOQB244AK0wA1ogw7A4BE8gxfwaj1Zb9a79bGIlqxi5xj8gfX5A81ona8=</latexit><latexit sha1_base64="GDtpWEt+tRl99xax6D0VgvfNGx4=">AAACFHicbVC7TsMwFHXKq5RXgLGLRYVUliqpkGCsYGEsEn1ITYgcx2mt2k5kO0hV1IGf4BdYYWdDrOysfAlumwFajnSlo3PO1bVPmDKqtON8WaW19Y3NrfJ2ZWd3b//APjzqqiSTmHRwwhLZD5EijArS0VQz0k8lQTxkpBeOr2d+74FIRRNxpycp8TkaChpTjLSRArvqMROOUNCEdS9EEnqporM5u28Gds1pOHPAVeIWpAYKtAP724sSnHEiNGZIqYHrpNrPkdQUMzKteJkiKcJjNCQDQwXiRPn5/BNTeGqUCMaJNCM0nKu/N3LElZrw0CQ50iO17M3Ef72QL13W8aWfU5Fmmgi8OBxnDOoEzhqCEZUEazYxBGFJzdshHiGJsDY9Vkwp7nIFq6TbbLhOw709r7WuinrKoApOQB244AK0wA1ogw7A4BE8gxfwaj1Zb9a79bGIlqxi5xj8gfX5A81ona8=</latexit>

�1  ̄ 
<latexit sha1_base64="8e7VLdQM3fiXhgzWO5HM1EhhQQc=">AAACEnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJoSbyaQdOpOEmYlQSvEn/AW3uncnbv0Bt36JkzYLbT1w4XDOudyZE2acKe04X1ZlaXllda26XtvY3NresXf3OirNJaFtkvJUdkNQlLOEtjXTnHYzSUGEnN6Hw+vCv3+gUrE0udOjjPoC+gmLGQFtpMA+8LgJRxC42Dv1QpDYyxQrJrDrTsOZAi8StyR1VKIV2N9elJJc0EQTDkr1XCfT/hikZoTTSc3LFc2ADKFPe4YmIKjyx9MvTPCxUSIcp9JMovFU/b0xBqHUSIQmKUAP1LxXiP96oZi7rONLf8ySLNc0IbPDcc6xTnHRD46YpETzkSFAJDNvx2QAEog2LdZMKe58BYukc9ZwnYZ7e15vXpX1VNEhOkInyEUXqIluUAu1EUGP6Bm9oFfryXqz3q2PWbRilTv76A+szx/i7p1B</latexit><latexit sha1_base64="8e7VLdQM3fiXhgzWO5HM1EhhQQc=">AAACEnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJoSbyaQdOpOEmYlQSvEn/AW3uncnbv0Bt36JkzYLbT1w4XDOudyZE2acKe04X1ZlaXllda26XtvY3NresXf3OirNJaFtkvJUdkNQlLOEtjXTnHYzSUGEnN6Hw+vCv3+gUrE0udOjjPoC+gmLGQFtpMA+8LgJRxC42Dv1QpDYyxQrJrDrTsOZAi8StyR1VKIV2N9elJJc0EQTDkr1XCfT/hikZoTTSc3LFc2ADKFPe4YmIKjyx9MvTPCxUSIcp9JMovFU/b0xBqHUSIQmKUAP1LxXiP96oZi7rONLf8ySLNc0IbPDcc6xTnHRD46YpETzkSFAJDNvx2QAEog2LdZMKe58BYukc9ZwnYZ7e15vXpX1VNEhOkInyEUXqIluUAu1EUGP6Bm9oFfryXqz3q2PWbRilTv76A+szx/i7p1B</latexit><latexit sha1_base64="8e7VLdQM3fiXhgzWO5HM1EhhQQc=">AAACEnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJoSbyaQdOpOEmYlQSvEn/AW3uncnbv0Bt36JkzYLbT1w4XDOudyZE2acKe04X1ZlaXllda26XtvY3NresXf3OirNJaFtkvJUdkNQlLOEtjXTnHYzSUGEnN6Hw+vCv3+gUrE0udOjjPoC+gmLGQFtpMA+8LgJRxC42Dv1QpDYyxQrJrDrTsOZAi8StyR1VKIV2N9elJJc0EQTDkr1XCfT/hikZoTTSc3LFc2ADKFPe4YmIKjyx9MvTPCxUSIcp9JMovFU/b0xBqHUSIQmKUAP1LxXiP96oZi7rONLf8ySLNc0IbPDcc6xTnHRD46YpETzkSFAJDNvx2QAEog2LdZMKe58BYukc9ZwnYZ7e15vXpX1VNEhOkInyEUXqIluUAu1EUGP6Bm9oFfryXqz3q2PWbRilTv76A+szx/i7p1B</latexit><latexit sha1_base64="8e7VLdQM3fiXhgzWO5HM1EhhQQc=">AAACEnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJoSbyaQdOpOEmYlQSvEn/AW3uncnbv0Bt36JkzYLbT1w4XDOudyZE2acKe04X1ZlaXllda26XtvY3NresXf3OirNJaFtkvJUdkNQlLOEtjXTnHYzSUGEnN6Hw+vCv3+gUrE0udOjjPoC+gmLGQFtpMA+8LgJRxC42Dv1QpDYyxQrJrDrTsOZAi8StyR1VKIV2N9elJJc0EQTDkr1XCfT/hikZoTTSc3LFc2ADKFPe4YmIKjyx9MvTPCxUSIcp9JMovFU/b0xBqHUSIQmKUAP1LxXiP96oZi7rONLf8ySLNc0IbPDcc6xTnHRD46YpETzkSFAJDNvx2QAEog2LdZMKe58BYukc9ZwnYZ7e15vXpX1VNEhOkInyEUXqIluUAu1EUGP6Bm9oFfryXqz3q2PWbRilTv76A+szx/i7p1B</latexit>
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spontaneous generation of mass

Gross-Neveu+ 

gap equation

two solutions
M = free parameter

M = 0

scale symmetry broken spontaneously
prerequisite: 6F interactions, hence no chiral symmetry breaking
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<latexit sha1_base64="J/waYlus/mPzubg2sPQukSQUy9Y=">AAACFXicbZDLSsNAFIYn9VbrLepSF4NFrJuSiLeNUHTjRqhgL9CEMJlM2yEzSZiZFEroxpfwFdzq3p24de3WJ3HaZqGtPwz8/OcczpnPTxiVyrK+jMLC4tLySnG1tLa+sbllbu80ZZwKTBo4ZrFo+0gSRiPSUFQx0k4EQdxnpOWHN+N6a0CEpHH0oIYJcTnqRbRLMVI68sz9uyuHUe5loaNiaI1g6OAgVnBwVLGOPbNsVa2J4Lyxc1MGueqe+e0EMU45iRRmSMqObSXKzZBQFDMyKjmpJAnCIeqRjrYR4kS62eQXI3iokwB2Y6FfpOAk/T2RIS7lkPu6kyPVl7O1cfhvzeczm1X30s1olKSKRHi6uJsyqAGMEcGACoIVG2qDsKD6doj7SCCsNMiShmLPIpg3zZOqfV49uz8t165zPEWwBw5ABdjgAtTALaiDBsDgETyDF/BqPBlvxrvxMW0tGPnMLvgj4/MH9bGduw==</latexit>

M = lim
k!0

k · v0(0)

Cresswell-Hogg, Litim, Critical fermions with spontaneous broken sale symmetry 2212.06815 



relevant
irrelevant

3d fermions

5 10 15 20

0

10

20

30

Gross-Neveu
UV

canonical
IR

universal scaling dimensions

#
UV
n

= n� 2

<latexit sha1_base64="sClteXHz4y7u41HlLtXI/vOHXqg=">AAACEXicbVDLSgMxFM34rPU16kZwEyyCG8tMEXQjFN24rOC0hc44ZNJMG5pkhiRTKEP9CX/Bre7diVu/wK1fYtrOQlsPXDicc29u7olSRpV2nC9raXlldW29tFHe3Nre2bX39psqySQmHk5YItsRUoRRQTxNNSPtVBLEI0Za0eBm4reGRCqaiHs9SknAUU/QmGKkjRTah/4QSd0nGj3kvuTQa45DcSXOaqFdcarOFHCRuAWpgAKN0P72uwnOOBEaM6RUx3VSHeTmdYoZGZf9TJEU4QHqkY6hAnGignx6wRieGKUL40SaEhpO1d8TOeJKjXhkOjnSfTXvTcR/vYjPbdbxZZBTkWaaCDxbHGcM6gRO4oFdKgnWbGQIwpKav0PcRxJhbUIsm1Dc+QgWSbNWdZ2qe3deqV8X8ZTAETgGp8AFF6AObkEDeACDR/AMXsCr9WS9We/Wx6x1ySpmDsAfWJ8/tlydLw==</latexit><latexit sha1_base64="sClteXHz4y7u41HlLtXI/vOHXqg=">AAACEXicbVDLSgMxFM34rPU16kZwEyyCG8tMEXQjFN24rOC0hc44ZNJMG5pkhiRTKEP9CX/Bre7diVu/wK1fYtrOQlsPXDicc29u7olSRpV2nC9raXlldW29tFHe3Nre2bX39psqySQmHk5YItsRUoRRQTxNNSPtVBLEI0Za0eBm4reGRCqaiHs9SknAUU/QmGKkjRTah/4QSd0nGj3kvuTQa45DcSXOaqFdcarOFHCRuAWpgAKN0P72uwnOOBEaM6RUx3VSHeTmdYoZGZf9TJEU4QHqkY6hAnGignx6wRieGKUL40SaEhpO1d8TOeJKjXhkOjnSfTXvTcR/vYjPbdbxZZBTkWaaCDxbHGcM6gRO4oFdKgnWbGQIwpKav0PcRxJhbUIsm1Dc+QgWSbNWdZ2qe3deqV8X8ZTAETgGp8AFF6AObkEDeACDR/AMXsCr9WS9We/Wx6x1ySpmDsAfWJ8/tlydLw==</latexit><latexit sha1_base64="sClteXHz4y7u41HlLtXI/vOHXqg=">AAACEXicbVDLSgMxFM34rPU16kZwEyyCG8tMEXQjFN24rOC0hc44ZNJMG5pkhiRTKEP9CX/Bre7diVu/wK1fYtrOQlsPXDicc29u7olSRpV2nC9raXlldW29tFHe3Nre2bX39psqySQmHk5YItsRUoRRQTxNNSPtVBLEI0Za0eBm4reGRCqaiHs9SknAUU/QmGKkjRTah/4QSd0nGj3kvuTQa45DcSXOaqFdcarOFHCRuAWpgAKN0P72uwnOOBEaM6RUx3VSHeTmdYoZGZf9TJEU4QHqkY6hAnGignx6wRieGKUL40SaEhpO1d8TOeJKjXhkOjnSfTXvTcR/vYjPbdbxZZBTkWaaCDxbHGcM6gRO4oFdKgnWbGQIwpKav0PcRxJhbUIsm1Dc+QgWSbNWdZ2qe3deqV8X8ZTAETgGp8AFF6AObkEDeACDR/AMXsCr9WS9We/Wx6x1ySpmDsAfWJ8/tlydLw==</latexit><latexit sha1_base64="sClteXHz4y7u41HlLtXI/vOHXqg=">AAACEXicbVDLSgMxFM34rPU16kZwEyyCG8tMEXQjFN24rOC0hc44ZNJMG5pkhiRTKEP9CX/Bre7diVu/wK1fYtrOQlsPXDicc29u7olSRpV2nC9raXlldW29tFHe3Nre2bX39psqySQmHk5YItsRUoRRQTxNNSPtVBLEI0Za0eBm4reGRCqaiHs9SknAUU/QmGKkjRTah/4QSd0nGj3kvuTQa45DcSXOaqFdcarOFHCRuAWpgAKN0P72uwnOOBEaM6RUx3VSHeTmdYoZGZf9TJEU4QHqkY6hAnGignx6wRieGKUL40SaEhpO1d8TOeJKjXhkOjnSfTXvTcR/vYjPbdbxZZBTkWaaCDxbHGcM6gRO4oFdKgnWbGQIwpKav0PcRxJhbUIsm1Dc+QgWSbNWdZ2qe3deqV8X8ZTAETgGp8AFF6AObkEDeACDR/AMXsCr9WS9We/Wx6x1ySpmDsAfWJ8/tlydLw==</latexit>#
IR
n
= 2n

� 1

<latexit sha1_base64="9ysaFF2yImn5z/RXEyU80OrdKK8=">AAACEnicbVDLSgMxFM34rPU16krcBIvgxjJTBN0IRTe6q2If0BmHTJppQ5PMkGQKZSj+hL/gVvfuxK0/4NYvMW1noa0HLhzOuTc394QJo0o7zpe1sLi0vLJaWCuub2xubds7uw0VpxKTOo5ZLFshUoRRQeqaakZaiSSIh4w0w/7V2G8OiFQ0Fvd6mBCfo66gEcVIGymw970BkrpHNHrIPMnhzd0oEBcVceIGdskpOxPAeeLmpARy1AL72+vEOOVEaMyQUm3XSbSfmecpZmRU9FJFEoT7qEvahgrEifKzyQkjeGSUDoxiaUpoOFF/T2SIKzXkoenkSPfUrDcW//VCPrNZR+d+RkWSaiLwdHGUMqhjOM4HdqgkWLOhIQhLav4OcQ9JhLVJsWhCcWcjmCeNStl1yu7taal6mcdTAAfgEBwDF5yBKrgGNVAHGDyCZ/ACXq0n6816tz6mrQtWPrMH/sD6/AEX651a</latexit><latexit sha1_base64="9ysaFF2yImn5z/RXEyU80OrdKK8=">AAACEnicbVDLSgMxFM34rPU16krcBIvgxjJTBN0IRTe6q2If0BmHTJppQ5PMkGQKZSj+hL/gVvfuxK0/4NYvMW1noa0HLhzOuTc394QJo0o7zpe1sLi0vLJaWCuub2xubds7uw0VpxKTOo5ZLFshUoRRQeqaakZaiSSIh4w0w/7V2G8OiFQ0Fvd6mBCfo66gEcVIGymw970BkrpHNHrIPMnhzd0oEBcVceIGdskpOxPAeeLmpARy1AL72+vEOOVEaMyQUm3XSbSfmecpZmRU9FJFEoT7qEvahgrEifKzyQkjeGSUDoxiaUpoOFF/T2SIKzXkoenkSPfUrDcW//VCPrNZR+d+RkWSaiLwdHGUMqhjOM4HdqgkWLOhIQhLav4OcQ9JhLVJsWhCcWcjmCeNStl1yu7taal6mcdTAAfgEBwDF5yBKrgGNVAHGDyCZ/ACXq0n6816tz6mrQtWPrMH/sD6/AEX651a</latexit><latexit sha1_base64="9ysaFF2yImn5z/RXEyU80OrdKK8=">AAACEnicbVDLSgMxFM34rPU16krcBIvgxjJTBN0IRTe6q2If0BmHTJppQ5PMkGQKZSj+hL/gVvfuxK0/4NYvMW1noa0HLhzOuTc394QJo0o7zpe1sLi0vLJaWCuub2xubds7uw0VpxKTOo5ZLFshUoRRQeqaakZaiSSIh4w0w/7V2G8OiFQ0Fvd6mBCfo66gEcVIGymw970BkrpHNHrIPMnhzd0oEBcVceIGdskpOxPAeeLmpARy1AL72+vEOOVEaMyQUm3XSbSfmecpZmRU9FJFEoT7qEvahgrEifKzyQkjeGSUDoxiaUpoOFF/T2SIKzXkoenkSPfUrDcW//VCPrNZR+d+RkWSaiLwdHGUMqhjOM4HdqgkWLOhIQhLav4OcQ9JhLVJsWhCcWcjmCeNStl1yu7taal6mcdTAAfgEBwDF5yBKrgGNVAHGDyCZ/ACXq0n6816tz6mrQtWPrMH/sD6/AEX651a</latexit><latexit sha1_base64="9ysaFF2yImn5z/RXEyU80OrdKK8=">AAACEnicbVDLSgMxFM34rPU16krcBIvgxjJTBN0IRTe6q2If0BmHTJppQ5PMkGQKZSj+hL/gVvfuxK0/4NYvMW1noa0HLhzOuTc394QJo0o7zpe1sLi0vLJaWCuub2xubds7uw0VpxKTOo5ZLFshUoRRQeqaakZaiSSIh4w0w/7V2G8OiFQ0Fvd6mBCfo66gEcVIGymw970BkrpHNHrIPMnhzd0oEBcVceIGdskpOxPAeeLmpARy1AL72+vEOOVEaMyQUm3XSbSfmecpZmRU9FJFEoT7qEvahgrEifKzyQkjeGSUDoxiaUpoOFF/T2SIKzXkoenkSPfUrDcW//VCPrNZR+d+RkWSaiLwdHGUMqhjOM4HdqgkWLOhIQhLav4OcQ9JhLVJsWhCcWcjmCeNStl1yu7taal6mcdTAAfgEBwDF5yBKrgGNVAHGDyCZ/ACXq0n6816tz6mrQtWPrMH/sD6/AEX651a</latexit>



relevant
irrelevant

3d fermions

5 10 15 20

0

10

20

30

Gross-Neveu
UV

canonical
IR

0 5 10 15 20

0

10

20

30

40

canonical

Wilson-Fisher

UV

IR

relevant
irrelevant

3d scalars

#
UV
n

= n� 2

<latexit sha1_base64="sClteXHz4y7u41HlLtXI/vOHXqg=">AAACEXicbVDLSgMxFM34rPU16kZwEyyCG8tMEXQjFN24rOC0hc44ZNJMG5pkhiRTKEP9CX/Bre7diVu/wK1fYtrOQlsPXDicc29u7olSRpV2nC9raXlldW29tFHe3Nre2bX39psqySQmHk5YItsRUoRRQTxNNSPtVBLEI0Za0eBm4reGRCqaiHs9SknAUU/QmGKkjRTah/4QSd0nGj3kvuTQa45DcSXOaqFdcarOFHCRuAWpgAKN0P72uwnOOBEaM6RUx3VSHeTmdYoZGZf9TJEU4QHqkY6hAnGignx6wRieGKUL40SaEhpO1d8TOeJKjXhkOjnSfTXvTcR/vYjPbdbxZZBTkWaaCDxbHGcM6gRO4oFdKgnWbGQIwpKav0PcRxJhbUIsm1Dc+QgWSbNWdZ2qe3deqV8X8ZTAETgGp8AFF6AObkEDeACDR/AMXsCr9WS9We/Wx6x1ySpmDsAfWJ8/tlydLw==</latexit><latexit sha1_base64="sClteXHz4y7u41HlLtXI/vOHXqg=">AAACEXicbVDLSgMxFM34rPU16kZwEyyCG8tMEXQjFN24rOC0hc44ZNJMG5pkhiRTKEP9CX/Bre7diVu/wK1fYtrOQlsPXDicc29u7olSRpV2nC9raXlldW29tFHe3Nre2bX39psqySQmHk5YItsRUoRRQTxNNSPtVBLEI0Za0eBm4reGRCqaiHs9SknAUU/QmGKkjRTah/4QSd0nGj3kvuTQa45DcSXOaqFdcarOFHCRuAWpgAKN0P72uwnOOBEaM6RUx3VSHeTmdYoZGZf9TJEU4QHqkY6hAnGignx6wRieGKUL40SaEhpO1d8TOeJKjXhkOjnSfTXvTcR/vYjPbdbxZZBTkWaaCDxbHGcM6gRO4oFdKgnWbGQIwpKav0PcRxJhbUIsm1Dc+QgWSbNWdZ2qe3deqV8X8ZTAETgGp8AFF6AObkEDeACDR/AMXsCr9WS9We/Wx6x1ySpmDsAfWJ8/tlydLw==</latexit><latexit sha1_base64="sClteXHz4y7u41HlLtXI/vOHXqg=">AAACEXicbVDLSgMxFM34rPU16kZwEyyCG8tMEXQjFN24rOC0hc44ZNJMG5pkhiRTKEP9CX/Bre7diVu/wK1fYtrOQlsPXDicc29u7olSRpV2nC9raXlldW29tFHe3Nre2bX39psqySQmHk5YItsRUoRRQTxNNSPtVBLEI0Za0eBm4reGRCqaiHs9SknAUU/QmGKkjRTah/4QSd0nGj3kvuTQa45DcSXOaqFdcarOFHCRuAWpgAKN0P72uwnOOBEaM6RUx3VSHeTmdYoZGZf9TJEU4QHqkY6hAnGignx6wRieGKUL40SaEhpO1d8TOeJKjXhkOjnSfTXvTcR/vYjPbdbxZZBTkWaaCDxbHGcM6gRO4oFdKgnWbGQIwpKav0PcRxJhbUIsm1Dc+QgWSbNWdZ2qe3deqV8X8ZTAETgGp8AFF6AObkEDeACDR/AMXsCr9WS9We/Wx6x1ySpmDsAfWJ8/tlydLw==</latexit><latexit sha1_base64="sClteXHz4y7u41HlLtXI/vOHXqg=">AAACEXicbVDLSgMxFM34rPU16kZwEyyCG8tMEXQjFN24rOC0hc44ZNJMG5pkhiRTKEP9CX/Bre7diVu/wK1fYtrOQlsPXDicc29u7olSRpV2nC9raXlldW29tFHe3Nre2bX39psqySQmHk5YItsRUoRRQTxNNSPtVBLEI0Za0eBm4reGRCqaiHs9SknAUU/QmGKkjRTah/4QSd0nGj3kvuTQa45DcSXOaqFdcarOFHCRuAWpgAKN0P72uwnOOBEaM6RUx3VSHeTmdYoZGZf9TJEU4QHqkY6hAnGignx6wRieGKUL40SaEhpO1d8TOeJKjXhkOjnSfTXvTcR/vYjPbdbxZZBTkWaaCDxbHGcM6gRO4oFdKgnWbGQIwpKav0PcRxJhbUIsm1Dc+QgWSbNWdZ2qe3deqV8X8ZTAETgGp8AFF6AObkEDeACDR/AMXsCr9WS9We/Wx6x1ySpmDsAfWJ8/tlydLw==</latexit>#
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n
= 2n

� 1

<latexit sha1_base64="9ysaFF2yImn5z/RXEyU80OrdKK8=">AAACEnicbVDLSgMxFM34rPU16krcBIvgxjJTBN0IRTe6q2If0BmHTJppQ5PMkGQKZSj+hL/gVvfuxK0/4NYvMW1noa0HLhzOuTc394QJo0o7zpe1sLi0vLJaWCuub2xubds7uw0VpxKTOo5ZLFshUoRRQeqaakZaiSSIh4w0w/7V2G8OiFQ0Fvd6mBCfo66gEcVIGymw970BkrpHNHrIPMnhzd0oEBcVceIGdskpOxPAeeLmpARy1AL72+vEOOVEaMyQUm3XSbSfmecpZmRU9FJFEoT7qEvahgrEifKzyQkjeGSUDoxiaUpoOFF/T2SIKzXkoenkSPfUrDcW//VCPrNZR+d+RkWSaiLwdHGUMqhjOM4HdqgkWLOhIQhLav4OcQ9JhLVJsWhCcWcjmCeNStl1yu7taal6mcdTAAfgEBwDF5yBKrgGNVAHGDyCZ/ACXq0n6816tz6mrQtWPrMH/sD6/AEX651a</latexit><latexit sha1_base64="9ysaFF2yImn5z/RXEyU80OrdKK8=">AAACEnicbVDLSgMxFM34rPU16krcBIvgxjJTBN0IRTe6q2If0BmHTJppQ5PMkGQKZSj+hL/gVvfuxK0/4NYvMW1noa0HLhzOuTc394QJo0o7zpe1sLi0vLJaWCuub2xubds7uw0VpxKTOo5ZLFshUoRRQeqaakZaiSSIh4w0w/7V2G8OiFQ0Fvd6mBCfo66gEcVIGymw970BkrpHNHrIPMnhzd0oEBcVceIGdskpOxPAeeLmpARy1AL72+vEOOVEaMyQUm3XSbSfmecpZmRU9FJFEoT7qEvahgrEifKzyQkjeGSUDoxiaUpoOFF/T2SIKzXkoenkSPfUrDcW//VCPrNZR+d+RkWSaiLwdHGUMqhjOM4HdqgkWLOhIQhLav4OcQ9JhLVJsWhCcWcjmCeNStl1yu7taal6mcdTAAfgEBwDF5yBKrgGNVAHGDyCZ/ACXq0n6816tz6mrQtWPrMH/sD6/AEX651a</latexit><latexit sha1_base64="9ysaFF2yImn5z/RXEyU80OrdKK8=">AAACEnicbVDLSgMxFM34rPU16krcBIvgxjJTBN0IRTe6q2If0BmHTJppQ5PMkGQKZSj+hL/gVvfuxK0/4NYvMW1noa0HLhzOuTc394QJo0o7zpe1sLi0vLJaWCuub2xubds7uw0VpxKTOo5ZLFshUoRRQeqaakZaiSSIh4w0w/7V2G8OiFQ0Fvd6mBCfo66gEcVIGymw970BkrpHNHrIPMnhzd0oEBcVceIGdskpOxPAeeLmpARy1AL72+vEOOVEaMyQUm3XSbSfmecpZmRU9FJFEoT7qEvahgrEifKzyQkjeGSUDoxiaUpoOFF/T2SIKzXkoenkSPfUrDcW//VCPrNZR+d+RkWSaiLwdHGUMqhjOM4HdqgkWLOhIQhLav4OcQ9JhLVJsWhCcWcjmCeNStl1yu7taal6mcdTAAfgEBwDF5yBKrgGNVAHGDyCZ/ACXq0n6816tz6mrQtWPrMH/sD6/AEX651a</latexit><latexit sha1_base64="9ysaFF2yImn5z/RXEyU80OrdKK8=">AAACEnicbVDLSgMxFM34rPU16krcBIvgxjJTBN0IRTe6q2If0BmHTJppQ5PMkGQKZSj+hL/gVvfuxK0/4NYvMW1noa0HLhzOuTc394QJo0o7zpe1sLi0vLJaWCuub2xubds7uw0VpxKTOo5ZLFshUoRRQeqaakZaiSSIh4w0w/7V2G8OiFQ0Fvd6mBCfo66gEcVIGymw970BkrpHNHrIPMnhzd0oEBcVceIGdskpOxPAeeLmpARy1AL72+vEOOVEaMyQUm3XSbSfmecpZmRU9FJFEoT7qEvahgrEifKzyQkjeGSUDoxiaUpoOFF/T2SIKzXkoenkSPfUrDcW//VCPrNZR+d+RkWSaiLwdHGUMqhjOM4HdqgkWLOhIQhLav4OcQ9JhLVJsWhCcWcjmCeNStl1yu7taal6mcdTAAfgEBwDF5yBKrgGNVAHGDyCZ/ACXq0n6816tz6mrQtWPrMH/sD6/AEX651a</latexit>
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λ3�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 

-0.2 0.0 0.2 0.4 0.6-0.2

0.0

0.2

0.4

0.6

l

t

free

IR

I

��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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    non-chiral CFT duals for higher-spin GTs on AdS4 

-� �-� -� -� -� � � � � �
-�

�

-�
-�
-�
-�

�

�
�
�
�

�

�� *
(�
)

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)
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· · ·<latexit sha1_base64="h+L2hB1BmwPZHemLiem1k1xza/U=">AAAB/XicbVC7SgNBFJ31GeMramkzGASrsCuClkEbywjmAckSZmdnkzHzWGbuCmEJ/oKt9nZi67fY+iVOki008cCFwzn3ci4nSgW34Ptf3srq2vrGZmmrvL2zu7dfOThsWZ0ZyppUC206EbFMcMWawEGwTmoYkZFg7Wh0M/Xbj8xYrtU9jFMWSjJQPOGUgJNaPRprsP1K1a/5M+BlEhSkigo0+pXvXqxpJpkCKoi13cBPIcyJAU4Fm5R7mWUpoSMyYF1HFZHMhvns2wk+dUqME23cKMAz9fdFTqS1Yxm5TUlgaBe9qfivF8mFZEiuwpyrNAOm6Dw4yQQGjadV4JgbRkGMHSHUcPc7pkNiCAVXWNmVEixWsExa57XArwV3F9X6dVFPCR2jE3SGAnSJ6ugWNVATUfSAntELevWevDfv3fuYr654xc0R+gPv8wcG7pXV</latexit><latexit sha1_base64="h+L2hB1BmwPZHemLiem1k1xza/U=">AAAB/XicbVC7SgNBFJ31GeMramkzGASrsCuClkEbywjmAckSZmdnkzHzWGbuCmEJ/oKt9nZi67fY+iVOki008cCFwzn3ci4nSgW34Ptf3srq2vrGZmmrvL2zu7dfOThsWZ0ZyppUC206EbFMcMWawEGwTmoYkZFg7Wh0M/Xbj8xYrtU9jFMWSjJQPOGUgJNaPRprsP1K1a/5M+BlEhSkigo0+pXvXqxpJpkCKoi13cBPIcyJAU4Fm5R7mWUpoSMyYF1HFZHMhvns2wk+dUqME23cKMAz9fdFTqS1Yxm5TUlgaBe9qfivF8mFZEiuwpyrNAOm6Dw4yQQGjadV4JgbRkGMHSHUcPc7pkNiCAVXWNmVEixWsExa57XArwV3F9X6dVFPCR2jE3SGAnSJ6ugWNVATUfSAntELevWevDfv3fuYr654xc0R+gPv8wcG7pXV</latexit><latexit sha1_base64="h+L2hB1BmwPZHemLiem1k1xza/U=">AAAB/XicbVC7SgNBFJ31GeMramkzGASrsCuClkEbywjmAckSZmdnkzHzWGbuCmEJ/oKt9nZi67fY+iVOki008cCFwzn3ci4nSgW34Ptf3srq2vrGZmmrvL2zu7dfOThsWZ0ZyppUC206EbFMcMWawEGwTmoYkZFg7Wh0M/Xbj8xYrtU9jFMWSjJQPOGUgJNaPRprsP1K1a/5M+BlEhSkigo0+pXvXqxpJpkCKoi13cBPIcyJAU4Fm5R7mWUpoSMyYF1HFZHMhvns2wk+dUqME23cKMAz9fdFTqS1Yxm5TUlgaBe9qfivF8mFZEiuwpyrNAOm6Dw4yQQGjadV4JgbRkGMHSHUcPc7pkNiCAVXWNmVEixWsExa57XArwV3F9X6dVFPCR2jE3SGAnSJ6ugWNVATUfSAntELevWevDfv3fuYr654xc0R+gPv8wcG7pXV</latexit><latexit sha1_base64="h+L2hB1BmwPZHemLiem1k1xza/U=">AAAB/XicbVC7SgNBFJ31GeMramkzGASrsCuClkEbywjmAckSZmdnkzHzWGbuCmEJ/oKt9nZi67fY+iVOki008cCFwzn3ci4nSgW34Ptf3srq2vrGZmmrvL2zu7dfOThsWZ0ZyppUC206EbFMcMWawEGwTmoYkZFg7Wh0M/Xbj8xYrtU9jFMWSjJQPOGUgJNaPRprsP1K1a/5M+BlEhSkigo0+pXvXqxpJpkCKoi13cBPIcyJAU4Fm5R7mWUpoSMyYF1HFZHMhvns2wk+dUqME23cKMAz9fdFTqS1Yxm5TUlgaBe9qfivF8mFZEiuwpyrNAOm6Dw4yQQGjadV4JgbRkGMHSHUcPc7pkNiCAVXWNmVEixWsExa57XArwV3F9X6dVFPCR2jE3SGAnSJ6ugWNVATUfSAntELevWevDfv3fuYr654xc0R+gPv8wcG7pXV</latexit>

relevant

irrelevant
2

<latexit sha1_base64="QlGRoDn2pd5/dDbUOnHH3JnjxAI=">AAAB+XicbVDLSgMxFL3xWeur6tJNsAiuykwRdCUFNy6r2Ae0Q8mkmTY0yQxJRihD/8Ct7t2JW7/GrV9ipp2Fth64cDjnXs7lhIngxnreF1pb39jc2i7tlHf39g8OK0fHbROnmrIWjUWsuyExTHDFWpZbwbqJZkSGgnXCyW3ud56YNjxWj3aasECSkeIRp8Q66aFeHlSqXs2bA68SvyBVKNAcVL77w5imkilLBTGm53uJDTKiLaeCzcr91LCE0AkZsZ6jikhmgmz+6QyfO2WIo1i7URbP1d8XGZHGTGXoNiWxY7Ps5eK/XiiXkm10HWRcJallii6Co1RgG+O8BjzkmlErpo4Qqrn7HdMx0YRaV1Zeir9cwSpp12u+V/PvL6uNm6KeEpzCGVyAD1fQgDtoQgsoRPAML/CKMvSG3tHHYnUNFTcn8Afo8wfjo5Ns</latexit><latexit sha1_base64="QlGRoDn2pd5/dDbUOnHH3JnjxAI=">AAAB+XicbVDLSgMxFL3xWeur6tJNsAiuykwRdCUFNy6r2Ae0Q8mkmTY0yQxJRihD/8Ct7t2JW7/GrV9ipp2Fth64cDjnXs7lhIngxnreF1pb39jc2i7tlHf39g8OK0fHbROnmrIWjUWsuyExTHDFWpZbwbqJZkSGgnXCyW3ud56YNjxWj3aasECSkeIRp8Q66aFeHlSqXs2bA68SvyBVKNAcVL77w5imkilLBTGm53uJDTKiLaeCzcr91LCE0AkZsZ6jikhmgmz+6QyfO2WIo1i7URbP1d8XGZHGTGXoNiWxY7Ps5eK/XiiXkm10HWRcJallii6Co1RgG+O8BjzkmlErpo4Qqrn7HdMx0YRaV1Zeir9cwSpp12u+V/PvL6uNm6KeEpzCGVyAD1fQgDtoQgsoRPAML/CKMvSG3tHHYnUNFTcn8Afo8wfjo5Ns</latexit><latexit sha1_base64="QlGRoDn2pd5/dDbUOnHH3JnjxAI=">AAAB+XicbVDLSgMxFL3xWeur6tJNsAiuykwRdCUFNy6r2Ae0Q8mkmTY0yQxJRihD/8Ct7t2JW7/GrV9ipp2Fth64cDjnXs7lhIngxnreF1pb39jc2i7tlHf39g8OK0fHbROnmrIWjUWsuyExTHDFWpZbwbqJZkSGgnXCyW3ud56YNjxWj3aasECSkeIRp8Q66aFeHlSqXs2bA68SvyBVKNAcVL77w5imkilLBTGm53uJDTKiLaeCzcr91LCE0AkZsZ6jikhmgmz+6QyfO2WIo1i7URbP1d8XGZHGTGXoNiWxY7Ps5eK/XiiXkm10HWRcJallii6Co1RgG+O8BjzkmlErpo4Qqrn7HdMx0YRaV1Zeir9cwSpp12u+V/PvL6uNm6KeEpzCGVyAD1fQgDtoQgsoRPAML/CKMvSG3tHHYnUNFTcn8Afo8wfjo5Ns</latexit><latexit sha1_base64="QlGRoDn2pd5/dDbUOnHH3JnjxAI=">AAAB+XicbVDLSgMxFL3xWeur6tJNsAiuykwRdCUFNy6r2Ae0Q8mkmTY0yQxJRihD/8Ct7t2JW7/GrV9ipp2Fth64cDjnXs7lhIngxnreF1pb39jc2i7tlHf39g8OK0fHbROnmrIWjUWsuyExTHDFWpZbwbqJZkSGgnXCyW3ud56YNjxWj3aasECSkeIRp8Q66aFeHlSqXs2bA68SvyBVKNAcVL77w5imkilLBTGm53uJDTKiLaeCzcr91LCE0AkZsZ6jikhmgmz+6QyfO2WIo1i7URbP1d8XGZHGTGXoNiWxY7Ps5eK/XiiXkm10HWRcJallii6Co1RgG+O8BjzkmlErpo4Qqrn7HdMx0YRaV1Zeir9cwSpp12u+V/PvL6uNm6KeEpzCGVyAD1fQgDtoQgsoRPAML/CKMvSG3tHHYnUNFTcn8Afo8wfjo5Ns</latexit>

�2
<latexit sha1_base64="MCcaEydF1ImKOElFqywZMVa8Nss=">AAAB+nicbVC7SgNBFL0bXzG+opY2g0GwMeyGgFYSsLGMaB6QLGF2MpsMmZldZmaFsOYTbLW3E1t/xtYvcTbZQhMPXDiccy/ncoKYM21c98sprK1vbG4Vt0s7u3v7B+XDo7aOEkVoi0Q8Ut0Aa8qZpC3DDKfdWFEsAk47weQm8zuPVGkWyQczjakv8EiykBFsrHR/USsNyhW36s6BVomXkwrkaA7K3/1hRBJBpSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KJBdV+On91hs6sMkRhpOxIg+bq74sUC62nIrCbApuxXvYy8V8vEEvJJrzyUybjxFBJFsFhwpGJUNYDGjJFieFTSzBRzP6OyBgrTIxtKyvFW65glbRrVc+tenf1SuM6r6cIJ3AK5+DBJTTgFprQAgIjeIYXeHWenDfn3flYrBac/OYY/sD5/AFQBpOj</latexit><latexit sha1_base64="MCcaEydF1ImKOElFqywZMVa8Nss=">AAAB+nicbVC7SgNBFL0bXzG+opY2g0GwMeyGgFYSsLGMaB6QLGF2MpsMmZldZmaFsOYTbLW3E1t/xtYvcTbZQhMPXDiccy/ncoKYM21c98sprK1vbG4Vt0s7u3v7B+XDo7aOEkVoi0Q8Ut0Aa8qZpC3DDKfdWFEsAk47weQm8zuPVGkWyQczjakv8EiykBFsrHR/USsNyhW36s6BVomXkwrkaA7K3/1hRBJBpSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KJBdV+On91hs6sMkRhpOxIg+bq74sUC62nIrCbApuxXvYy8V8vEEvJJrzyUybjxFBJFsFhwpGJUNYDGjJFieFTSzBRzP6OyBgrTIxtKyvFW65glbRrVc+tenf1SuM6r6cIJ3AK5+DBJTTgFprQAgIjeIYXeHWenDfn3flYrBac/OYY/sD5/AFQBpOj</latexit><latexit sha1_base64="MCcaEydF1ImKOElFqywZMVa8Nss=">AAAB+nicbVC7SgNBFL0bXzG+opY2g0GwMeyGgFYSsLGMaB6QLGF2MpsMmZldZmaFsOYTbLW3E1t/xtYvcTbZQhMPXDiccy/ncoKYM21c98sprK1vbG4Vt0s7u3v7B+XDo7aOEkVoi0Q8Ut0Aa8qZpC3DDKfdWFEsAk47weQm8zuPVGkWyQczjakv8EiykBFsrHR/USsNyhW36s6BVomXkwrkaA7K3/1hRBJBpSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KJBdV+On91hs6sMkRhpOxIg+bq74sUC62nIrCbApuxXvYy8V8vEEvJJrzyUybjxFBJFsFhwpGJUNYDGjJFieFTSzBRzP6OyBgrTIxtKyvFW65glbRrVc+tenf1SuM6r6cIJ3AK5+DBJTTgFprQAgIjeIYXeHWenDfn3flYrBac/OYY/sD5/AFQBpOj</latexit><latexit sha1_base64="MCcaEydF1ImKOElFqywZMVa8Nss=">AAAB+nicbVC7SgNBFL0bXzG+opY2g0GwMeyGgFYSsLGMaB6QLGF2MpsMmZldZmaFsOYTbLW3E1t/xtYvcTbZQhMPXDiccy/ncoKYM21c98sprK1vbG4Vt0s7u3v7B+XDo7aOEkVoi0Q8Ut0Aa8qZpC3DDKfdWFEsAk47weQm8zuPVGkWyQczjakv8EiykBFsrHR/USsNyhW36s6BVomXkwrkaA7K3/1hRBJBpSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KJBdV+On91hs6sMkRhpOxIg+bq74sUC62nIrCbApuxXvYy8V8vEEvJJrzyUybjxFBJFsFhwpGJUNYDGjJFieFTSzBRzP6OyBgrTIxtKyvFW65glbRrVc+tenf1SuM6r6cIJ3AK5+DBJTTgFprQAgIjeIYXeHWenDfn3flYrBac/OYY/sD5/AFQBpOj</latexit>

�1
<latexit sha1_base64="9162F4JMSctPnCSGeOwIqut97VQ=">AAAB+nicbVDLSsNAFL2pr1pfVZduBovgxpKIoCspuHFZ0T6gDWUynbRDZyZhZiKE2E9wq3t34tafceuXOGmz0NYDFw7n3Mu5nCDmTBvX/XJKK6tr6xvlzcrW9s7uXnX/oK2jRBHaIhGPVDfAmnImacsww2k3VhSLgNNOMLnJ/c4jVZpF8sGkMfUFHkkWMoKNle7PvMqgWnPr7gxomXgFqUGB5qD63R9GJBFUGsKx1j3PjY2fYWUY4XRa6SeaxphM8Ij2LJVYUO1ns1en6MQqQxRGyo40aKb+vsiw0DoVgd0U2Iz1opeL/3qBWEg24ZWfMRknhkoyDw4TjkyE8h7QkClKDE8twUQx+zsiY6wwMbatvBRvsYJl0j6ve27du7uoNa6LespwBMdwCh5cQgNuoQktIDCCZ3iBV+fJeXPenY/5askpbg7hD5zPH05xk6I=</latexit><latexit sha1_base64="9162F4JMSctPnCSGeOwIqut97VQ=">AAAB+nicbVDLSsNAFL2pr1pfVZduBovgxpKIoCspuHFZ0T6gDWUynbRDZyZhZiKE2E9wq3t34tafceuXOGmz0NYDFw7n3Mu5nCDmTBvX/XJKK6tr6xvlzcrW9s7uXnX/oK2jRBHaIhGPVDfAmnImacsww2k3VhSLgNNOMLnJ/c4jVZpF8sGkMfUFHkkWMoKNle7PvMqgWnPr7gxomXgFqUGB5qD63R9GJBFUGsKx1j3PjY2fYWUY4XRa6SeaxphM8Ij2LJVYUO1ns1en6MQqQxRGyo40aKb+vsiw0DoVgd0U2Iz1opeL/3qBWEg24ZWfMRknhkoyDw4TjkyE8h7QkClKDE8twUQx+zsiY6wwMbatvBRvsYJl0j6ve27du7uoNa6LespwBMdwCh5cQgNuoQktIDCCZ3iBV+fJeXPenY/5askpbg7hD5zPH05xk6I=</latexit><latexit sha1_base64="9162F4JMSctPnCSGeOwIqut97VQ=">AAAB+nicbVDLSsNAFL2pr1pfVZduBovgxpKIoCspuHFZ0T6gDWUynbRDZyZhZiKE2E9wq3t34tafceuXOGmz0NYDFw7n3Mu5nCDmTBvX/XJKK6tr6xvlzcrW9s7uXnX/oK2jRBHaIhGPVDfAmnImacsww2k3VhSLgNNOMLnJ/c4jVZpF8sGkMfUFHkkWMoKNle7PvMqgWnPr7gxomXgFqUGB5qD63R9GJBFUGsKx1j3PjY2fYWUY4XRa6SeaxphM8Ij2LJVYUO1ns1en6MQqQxRGyo40aKb+vsiw0DoVgd0U2Iz1opeL/3qBWEg24ZWfMRknhkoyDw4TjkyE8h7QkClKDE8twUQx+zsiY6wwMbatvBRvsYJl0j6ve27du7uoNa6LespwBMdwCh5cQgNuoQktIDCCZ3iBV+fJeXPenY/5askpbg7hD5zPH05xk6I=</latexit><latexit sha1_base64="9162F4JMSctPnCSGeOwIqut97VQ=">AAAB+nicbVDLSsNAFL2pr1pfVZduBovgxpKIoCspuHFZ0T6gDWUynbRDZyZhZiKE2E9wq3t34tafceuXOGmz0NYDFw7n3Mu5nCDmTBvX/XJKK6tr6xvlzcrW9s7uXnX/oK2jRBHaIhGPVDfAmnImacsww2k3VhSLgNNOMLnJ/c4jVZpF8sGkMfUFHkkWMoKNle7PvMqgWnPr7gxomXgFqUGB5qD63R9GJBFUGsKx1j3PjY2fYWUY4XRa6SeaxphM8Ij2LJVYUO1ns1en6MQqQxRGyo40aKb+vsiw0DoVgd0U2Iz1opeL/3qBWEg24ZWfMRknhkoyDw4TjkyE8h7QkClKDE8twUQx+zsiY6wwMbatvBRvsYJl0j6ve27du7uoNa6LespwBMdwCh5cQgNuoQktIDCCZ3iBV+fJeXPenY/5askpbg7hD5zPH05xk6I=</latexit>

1
<latexit sha1_base64="MUfvQBNuOZo+OQodzQ8jL8kJn78=">AAAB+XicbVDLSgMxFL1TX7W+qi7dBIvgqkxE0JUU3LisYh/QDiWTZtrQJDMkGaEM/QO3uncnbv0at36JmXYW2nrgwuGcezmXEyaCG+v7X15pbX1jc6u8XdnZ3ds/qB4etU2caspaNBax7obEMMEVa1luBesmmhEZCtYJJ7e533li2vBYPdppwgJJRopHnBLrpAdcGVRrft2fA60SXJAaFGgOqt/9YUxTyZSlghjTw35ig4xoy6lgs0o/NSwhdEJGrOeoIpKZIJt/OkNnThmiKNZulEVz9fdFRqQxUxm6TUns2Cx7ufivF8qlZBtdBxlXSWqZoovgKBXIxiivAQ25ZtSKqSOEau5+R3RMNKHWlZWXgpcrWCXtizr26/j+sta4KeopwwmcwjlguIIG3EETWkAhgmd4gVcv8968d+9jsVryiptj+APv8wfiDpNr</latexit><latexit sha1_base64="MUfvQBNuOZo+OQodzQ8jL8kJn78=">AAAB+XicbVDLSgMxFL1TX7W+qi7dBIvgqkxE0JUU3LisYh/QDiWTZtrQJDMkGaEM/QO3uncnbv0at36JmXYW2nrgwuGcezmXEyaCG+v7X15pbX1jc6u8XdnZ3ds/qB4etU2caspaNBax7obEMMEVa1luBesmmhEZCtYJJ7e533li2vBYPdppwgJJRopHnBLrpAdcGVRrft2fA60SXJAaFGgOqt/9YUxTyZSlghjTw35ig4xoy6lgs0o/NSwhdEJGrOeoIpKZIJt/OkNnThmiKNZulEVz9fdFRqQxUxm6TUns2Cx7ufivF8qlZBtdBxlXSWqZoovgKBXIxiivAQ25ZtSKqSOEau5+R3RMNKHWlZWXgpcrWCXtizr26/j+sta4KeopwwmcwjlguIIG3EETWkAhgmd4gVcv8968d+9jsVryiptj+APv8wfiDpNr</latexit><latexit sha1_base64="MUfvQBNuOZo+OQodzQ8jL8kJn78=">AAAB+XicbVDLSgMxFL1TX7W+qi7dBIvgqkxE0JUU3LisYh/QDiWTZtrQJDMkGaEM/QO3uncnbv0at36JmXYW2nrgwuGcezmXEyaCG+v7X15pbX1jc6u8XdnZ3ds/qB4etU2caspaNBax7obEMMEVa1luBesmmhEZCtYJJ7e533li2vBYPdppwgJJRopHnBLrpAdcGVRrft2fA60SXJAaFGgOqt/9YUxTyZSlghjTw35ig4xoy6lgs0o/NSwhdEJGrOeoIpKZIJt/OkNnThmiKNZulEVz9fdFRqQxUxm6TUns2Cx7ufivF8qlZBtdBxlXSWqZoovgKBXIxiivAQ25ZtSKqSOEau5+R3RMNKHWlZWXgpcrWCXtizr26/j+sta4KeopwwmcwjlguIIG3EETWkAhgmd4gVcv8968d+9jsVryiptj+APv8wfiDpNr</latexit><latexit sha1_base64="MUfvQBNuOZo+OQodzQ8jL8kJn78=">AAAB+XicbVDLSgMxFL1TX7W+qi7dBIvgqkxE0JUU3LisYh/QDiWTZtrQJDMkGaEM/QO3uncnbv0at36JmXYW2nrgwuGcezmXEyaCG+v7X15pbX1jc6u8XdnZ3ds/qB4etU2caspaNBax7obEMMEVa1luBesmmhEZCtYJJ7e533li2vBYPdppwgJJRopHnBLrpAdcGVRrft2fA60SXJAaFGgOqt/9YUxTyZSlghjTw35ig4xoy6lgs0o/NSwhdEJGrOeoIpKZIJt/OkNnThmiKNZulEVz9fdFRqQxUxm6TUns2Cx7ufivF8qlZBtdBxlXSWqZoovgKBXIxiivAQ25ZtSKqSOEau5+R3RMNKHWlZWXgpcrWCXtizr26/j+sta4KeopwwmcwjlguIIG3EETWkAhgmd4gVcv8968d+9jsVryiptj+APv8wfiDpNr</latexit>

3
<latexit sha1_base64="QbI0lBFCm94xXkbLok/hXXd413c=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrsqaCUBG8soxgSSJcxOZpMh81hmZoWw5A9stbcTW7/G1i9xNtlCEw9cOJxzL+dyooQzY33/yyutrK6tb5Q3K1vbO7t71f2DR6NSTWiLKK50J8KGciZpyzLLaSfRFIuI03Y0vsn99hPVhin5YCcJDQUeShYzgq2T7s8r/WrNr/szoGUSFKQGBZr96ndvoEgqqLSEY2O6gZ/YMMPaMsLptNJLDU0wGeMh7ToqsaAmzGafTtGJUwYoVtqNtGim/r7IsDBmIiK3KbAdmUUvF//1IrGQbOOrMGMySS2VZB4cpxxZhfIa0IBpSiyfOIKJZu53REZYY2JdWXkpwWIFy+TxrB749eDuota4LuopwxEcwykEcAkNuIUmtIBADM/wAq9e5r15797HfLXkFTeH8Afe5w/lOJNt</latexit><latexit sha1_base64="QbI0lBFCm94xXkbLok/hXXd413c=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrsqaCUBG8soxgSSJcxOZpMh81hmZoWw5A9stbcTW7/G1i9xNtlCEw9cOJxzL+dyooQzY33/yyutrK6tb5Q3K1vbO7t71f2DR6NSTWiLKK50J8KGciZpyzLLaSfRFIuI03Y0vsn99hPVhin5YCcJDQUeShYzgq2T7s8r/WrNr/szoGUSFKQGBZr96ndvoEgqqLSEY2O6gZ/YMMPaMsLptNJLDU0wGeMh7ToqsaAmzGafTtGJUwYoVtqNtGim/r7IsDBmIiK3KbAdmUUvF//1IrGQbOOrMGMySS2VZB4cpxxZhfIa0IBpSiyfOIKJZu53REZYY2JdWXkpwWIFy+TxrB749eDuota4LuopwxEcwykEcAkNuIUmtIBADM/wAq9e5r15797HfLXkFTeH8Afe5w/lOJNt</latexit><latexit sha1_base64="QbI0lBFCm94xXkbLok/hXXd413c=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrsqaCUBG8soxgSSJcxOZpMh81hmZoWw5A9stbcTW7/G1i9xNtlCEw9cOJxzL+dyooQzY33/yyutrK6tb5Q3K1vbO7t71f2DR6NSTWiLKK50J8KGciZpyzLLaSfRFIuI03Y0vsn99hPVhin5YCcJDQUeShYzgq2T7s8r/WrNr/szoGUSFKQGBZr96ndvoEgqqLSEY2O6gZ/YMMPaMsLptNJLDU0wGeMh7ToqsaAmzGafTtGJUwYoVtqNtGim/r7IsDBmIiK3KbAdmUUvF//1IrGQbOOrMGMySS2VZB4cpxxZhfIa0IBpSiyfOIKJZu53REZYY2JdWXkpwWIFy+TxrB749eDuota4LuopwxEcwykEcAkNuIUmtIBADM/wAq9e5r15797HfLXkFTeH8Afe5w/lOJNt</latexit><latexit sha1_base64="QbI0lBFCm94xXkbLok/hXXd413c=">AAAB+XicbVC7SgNBFL0bXzG+opY2g0GwCrsqaCUBG8soxgSSJcxOZpMh81hmZoWw5A9stbcTW7/G1i9xNtlCEw9cOJxzL+dyooQzY33/yyutrK6tb5Q3K1vbO7t71f2DR6NSTWiLKK50J8KGciZpyzLLaSfRFIuI03Y0vsn99hPVhin5YCcJDQUeShYzgq2T7s8r/WrNr/szoGUSFKQGBZr96ndvoEgqqLSEY2O6gZ/YMMPaMsLptNJLDU0wGeMh7ToqsaAmzGafTtGJUwYoVtqNtGim/r7IsDBmIiK3KbAdmUUvF//1IrGQbOOrMGMySS2VZB4cpxxZhfIa0IBpSiyfOIKJZu53REZYY2JdWXkpwWIFy+TxrB749eDuota4LuopwxEcwykEcAkNuIUmtIBADM/wAq9e5r15797HfLXkFTeH8Afe5w/lOJNt</latexit>

0
<latexit sha1_base64="rsTWd2fRGQJpirqCRF2vCK4AZ1g=">AAAB+XicbVDLSgMxFL1TX7W+qi7dBIvgqmRE0JUU3LisYh/QDiWTZtrQJDMkGaEM/QO3uncnbv0at36JmXYW2nrgwuGcezmXEyaCG4vxl1daW9/Y3CpvV3Z29/YPqodHbROnmrIWjUWsuyExTHDFWpZbwbqJZkSGgnXCyW3ud56YNjxWj3aasECSkeIRp8Q66QFXBtUaruM50CrxC1KDAs1B9bs/jGkqmbJUEGN6Pk5skBFtORVsVumnhiWETsiI9RxVRDITZPNPZ+jMKUMUxdqNsmiu/r7IiDRmKkO3KYkdm2UvF//1QrmUbKPrIOMqSS1TdBEcpQLZGOU1oCHXjFoxdYRQzd3viI6JJtS6svJS/OUKVkn7ou7jun9/WWvcFPWU4QRO4Rx8uIIG3EETWkAhgmd4gVcv8968d+9jsVryiptj+APv8wfgeZNq</latexit><latexit sha1_base64="rsTWd2fRGQJpirqCRF2vCK4AZ1g=">AAAB+XicbVDLSgMxFL1TX7W+qi7dBIvgqmRE0JUU3LisYh/QDiWTZtrQJDMkGaEM/QO3uncnbv0at36JmXYW2nrgwuGcezmXEyaCG4vxl1daW9/Y3CpvV3Z29/YPqodHbROnmrIWjUWsuyExTHDFWpZbwbqJZkSGgnXCyW3ud56YNjxWj3aasECSkeIRp8Q66QFXBtUaruM50CrxC1KDAs1B9bs/jGkqmbJUEGN6Pk5skBFtORVsVumnhiWETsiI9RxVRDITZPNPZ+jMKUMUxdqNsmiu/r7IiDRmKkO3KYkdm2UvF//1QrmUbKPrIOMqSS1TdBEcpQLZGOU1oCHXjFoxdYRQzd3viI6JJtS6svJS/OUKVkn7ou7jun9/WWvcFPWU4QRO4Rx8uIIG3EETWkAhgmd4gVcv8968d+9jsVryiptj+APv8wfgeZNq</latexit><latexit sha1_base64="rsTWd2fRGQJpirqCRF2vCK4AZ1g=">AAAB+XicbVDLSgMxFL1TX7W+qi7dBIvgqmRE0JUU3LisYh/QDiWTZtrQJDMkGaEM/QO3uncnbv0at36JmXYW2nrgwuGcezmXEyaCG4vxl1daW9/Y3CpvV3Z29/YPqodHbROnmrIWjUWsuyExTHDFWpZbwbqJZkSGgnXCyW3ud56YNjxWj3aasECSkeIRp8Q66QFXBtUaruM50CrxC1KDAs1B9bs/jGkqmbJUEGN6Pk5skBFtORVsVumnhiWETsiI9RxVRDITZPNPZ+jMKUMUxdqNsmiu/r7IiDRmKkO3KYkdm2UvF//1QrmUbKPrIOMqSS1TdBEcpQLZGOU1oCHXjFoxdYRQzd3viI6JJtS6svJS/OUKVkn7ou7jun9/WWvcFPWU4QRO4Rx8uIIG3EETWkAhgmd4gVcv8968d+9jsVryiptj+APv8wfgeZNq</latexit><latexit sha1_base64="rsTWd2fRGQJpirqCRF2vCK4AZ1g=">AAAB+XicbVDLSgMxFL1TX7W+qi7dBIvgqmRE0JUU3LisYh/QDiWTZtrQJDMkGaEM/QO3uncnbv0at36JmXYW2nrgwuGcezmXEyaCG4vxl1daW9/Y3CpvV3Z29/YPqodHbROnmrIWjUWsuyExTHDFWpZbwbqJZkSGgnXCyW3ud56YNjxWj3aasECSkeIRp8Q66QFXBtUaruM50CrxC1KDAs1B9bs/jGkqmbJUEGN6Pk5skBFtORVsVumnhiWETsiI9RxVRDITZPNPZ+jMKUMUxdqNsmiu/r7IiDRmKkO3KYkdm2UvF//1QrmUbKPrIOMqSS1TdBEcpQLZGOU1oCHXjFoxdYRQzd3viI6JJtS6svJS/OUKVkn7ou7jun9/WWvcFPWU4QRO4Rx8uIIG3EETWkAhgmd4gVcv8968d+9jsVryiptj+APv8wfgeZNq</latexit>

4
<latexit sha1_base64="V5GS2+PjjgRvztesXOZHGzjD/xs=">AAAB+XicbVDLSgMxFL2pr1pfVZdugkVwVWZE0JUU3LisYh/QDiWTZtrQJDMkGaEM/QO3uncnbv0at36JmXYW2nrgwuGcezmXEyaCG+t5X6i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9vc7zwxbXisHu00YYEkI8UjTol10sNlZVCteXVvDrxK/ILUoEBzUP3uD2OaSqYsFcSYnu8lNsiItpwKNqv0U8MSQidkxHqOKiKZCbL5pzN85pQhjmLtRlk8V39fZEQaM5Wh25TEjs2yl4v/eqFcSrbRdZBxlaSWKboIjlKBbYzzGvCQa0atmDpCqObud0zHRBNqXVl5Kf5yBaukfVH3vbp/f1lr3BT1lOEETuEcfLiCBtxBE1pAIYJneIFXlKE39I4+FqslVNwcwx+gzx/mzZNu</latexit><latexit sha1_base64="V5GS2+PjjgRvztesXOZHGzjD/xs=">AAAB+XicbVDLSgMxFL2pr1pfVZdugkVwVWZE0JUU3LisYh/QDiWTZtrQJDMkGaEM/QO3uncnbv0at36JmXYW2nrgwuGcezmXEyaCG+t5X6i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9vc7zwxbXisHu00YYEkI8UjTol10sNlZVCteXVvDrxK/ILUoEBzUP3uD2OaSqYsFcSYnu8lNsiItpwKNqv0U8MSQidkxHqOKiKZCbL5pzN85pQhjmLtRlk8V39fZEQaM5Wh25TEjs2yl4v/eqFcSrbRdZBxlaSWKboIjlKBbYzzGvCQa0atmDpCqObud0zHRBNqXVl5Kf5yBaukfVH3vbp/f1lr3BT1lOEETuEcfLiCBtxBE1pAIYJneIFXlKE39I4+FqslVNwcwx+gzx/mzZNu</latexit><latexit sha1_base64="V5GS2+PjjgRvztesXOZHGzjD/xs=">AAAB+XicbVDLSgMxFL2pr1pfVZdugkVwVWZE0JUU3LisYh/QDiWTZtrQJDMkGaEM/QO3uncnbv0at36JmXYW2nrgwuGcezmXEyaCG+t5X6i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9vc7zwxbXisHu00YYEkI8UjTol10sNlZVCteXVvDrxK/ILUoEBzUP3uD2OaSqYsFcSYnu8lNsiItpwKNqv0U8MSQidkxHqOKiKZCbL5pzN85pQhjmLtRlk8V39fZEQaM5Wh25TEjs2yl4v/eqFcSrbRdZBxlaSWKboIjlKBbYzzGvCQa0atmDpCqObud0zHRBNqXVl5Kf5yBaukfVH3vbp/f1lr3BT1lOEETuEcfLiCBtxBE1pAIYJneIFXlKE39I4+FqslVNwcwx+gzx/mzZNu</latexit><latexit sha1_base64="V5GS2+PjjgRvztesXOZHGzjD/xs=">AAAB+XicbVDLSgMxFL2pr1pfVZdugkVwVWZE0JUU3LisYh/QDiWTZtrQJDMkGaEM/QO3uncnbv0at36JmXYW2nrgwuGcezmXEyaCG+t5X6i0tr6xuVXeruzs7u0fVA+P2iZONWUtGotYd0NimOCKtSy3gnUTzYgMBeuEk9vc7zwxbXisHu00YYEkI8UjTol10sNlZVCteXVvDrxK/ILUoEBzUP3uD2OaSqYsFcSYnu8lNsiItpwKNqv0U8MSQidkxHqOKiKZCbL5pzN85pQhjmLtRlk8V39fZEQaM5Wh25TEjs2yl4v/eqFcSrbRdZBxlaSWKboIjlKBbYzzGvCQa0atmDpCqObud0zHRBNqXVl5Kf5yBaukfVH3vbp/f1lr3BT1lOEETuEcfLiCBtxBE1pAIYJneIFXlKE39I4+FqslVNwcwx+gzx/mzZNu</latexit>

#
<latexit sha1_base64="iSe9G5Snw/V9ik582t+TWMqtDUs=">AAACBHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdCUFNy4r2Ac0oUymk3bozCTO3BRK6NZfcKt7d+LW/3Drlzhps9DWAxcO59wXJ0wEN+C6X05pbX1jc6u8XdnZ3ds/qB4etU2caspaNBax7obEMMEVawEHwbqJZkSGgnXC8W3udyZMGx6rB5gmLJBkqHjEKQErBX4o/QnRMGJAKv1qza27c+BV4hWkhgo0+9VvfxDTVDIFVBBjep6bQJDZfZwKNqv4qWEJoWMyZD1LFZHMBNn86Rk+s8oAR7G2pQDP1d8TGZHGTGVoOyWBkVn2cvFfL5RLlyG6DjKukhSYoovDUSowxDhPBA+4ZhTE1BJCNbe/YzoimlCwueWheMsRrJL2Rd1z6979Za1xU8RTRifoFJ0jD12hBrpDTdRCFD2iZ/SCXp0n5815dz4WrSWnmDlGf+B8/gAGepiO</latexit><latexit sha1_base64="iSe9G5Snw/V9ik582t+TWMqtDUs=">AAACBHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdCUFNy4r2Ac0oUymk3bozCTO3BRK6NZfcKt7d+LW/3Drlzhps9DWAxcO59wXJ0wEN+C6X05pbX1jc6u8XdnZ3ds/qB4etU2caspaNBax7obEMMEVawEHwbqJZkSGgnXC8W3udyZMGx6rB5gmLJBkqHjEKQErBX4o/QnRMGJAKv1qza27c+BV4hWkhgo0+9VvfxDTVDIFVBBjep6bQJDZfZwKNqv4qWEJoWMyZD1LFZHMBNn86Rk+s8oAR7G2pQDP1d8TGZHGTGVoOyWBkVn2cvFfL5RLlyG6DjKukhSYoovDUSowxDhPBA+4ZhTE1BJCNbe/YzoimlCwueWheMsRrJL2Rd1z6979Za1xU8RTRifoFJ0jD12hBrpDTdRCFD2iZ/SCXp0n5815dz4WrSWnmDlGf+B8/gAGepiO</latexit><latexit sha1_base64="iSe9G5Snw/V9ik582t+TWMqtDUs=">AAACBHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdCUFNy4r2Ac0oUymk3bozCTO3BRK6NZfcKt7d+LW/3Drlzhps9DWAxcO59wXJ0wEN+C6X05pbX1jc6u8XdnZ3ds/qB4etU2caspaNBax7obEMMEVawEHwbqJZkSGgnXC8W3udyZMGx6rB5gmLJBkqHjEKQErBX4o/QnRMGJAKv1qza27c+BV4hWkhgo0+9VvfxDTVDIFVBBjep6bQJDZfZwKNqv4qWEJoWMyZD1LFZHMBNn86Rk+s8oAR7G2pQDP1d8TGZHGTGVoOyWBkVn2cvFfL5RLlyG6DjKukhSYoovDUSowxDhPBA+4ZhTE1BJCNbe/YzoimlCwueWheMsRrJL2Rd1z6979Za1xU8RTRifoFJ0jD12hBrpDTdRCFD2iZ/SCXp0n5815dz4WrSWnmDlGf+B8/gAGepiO</latexit><latexit sha1_base64="iSe9G5Snw/V9ik582t+TWMqtDUs=">AAACBHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdCUFNy4r2Ac0oUymk3bozCTO3BRK6NZfcKt7d+LW/3Drlzhps9DWAxcO59wXJ0wEN+C6X05pbX1jc6u8XdnZ3ds/qB4etU2caspaNBax7obEMMEVawEHwbqJZkSGgnXC8W3udyZMGx6rB5gmLJBkqHjEKQErBX4o/QnRMGJAKv1qza27c+BV4hWkhgo0+9VvfxDTVDIFVBBjep6bQJDZfZwKNqv4qWEJoWMyZD1LFZHMBNn86Rk+s8oAR7G2pQDP1d8TGZHGTGVoOyWBkVn2cvFfL5RLlyG6DjKukhSYoovDUSowxDhPBA+4ZhTE1BJCNbe/YzoimlCwueWheMsRrJL2Rd1z6979Za1xU8RTRifoFJ0jD12hBrpDTdRCFD2iZ/SCXp0n5815dz4WrSWnmDlGf+B8/gAGepiO</latexit> GN
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_
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marginal

z =  ̄ 
<latexit sha1_base64="H8Q1h6nfYtBJ7//4CyEQULvj9O4=">AAACCHicbVDLSsNAFL3xWeujUZduBovgqiQi6EYounFZwT6gDWUynbRDZyZhZiLU0B/wF9zq3p249S/c+iVO2iy09cCFwzn3ci4nTDjTxvO+nJXVtfWNzdJWeXtnd6/i7h+0dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HN7nffqBKs1jem0lCA4GHkkWMYGOlvlt5vOqFWPUSzfIp992qV/NmQMvEL0gVCjT67ndvEJNUUGkIx1p3fS8xQYaVYYTTabmXappgMsZD2rVUYkF1kM0en6ITqwxQFCs70qCZ+vsiw0LriQjtpsBmpBe9XPzXC8VCsokug4zJJDVUknlwlHJkYpS3ggZMUWL4xBJMFLO/IzLCChNju8tL8RcrWCats5rv1fy782r9uqinBEdwDKfgwwXU4RYa0AQCKTzDC7w6T86b8+58zFdXnOLmEP7A+fwB7daZiQ==</latexit><latexit sha1_base64="H8Q1h6nfYtBJ7//4CyEQULvj9O4=">AAACCHicbVDLSsNAFL3xWeujUZduBovgqiQi6EYounFZwT6gDWUynbRDZyZhZiLU0B/wF9zq3p249S/c+iVO2iy09cCFwzn3ci4nTDjTxvO+nJXVtfWNzdJWeXtnd6/i7h+0dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HN7nffqBKs1jem0lCA4GHkkWMYGOlvlt5vOqFWPUSzfIp992qV/NmQMvEL0gVCjT67ndvEJNUUGkIx1p3fS8xQYaVYYTTabmXappgMsZD2rVUYkF1kM0en6ITqwxQFCs70qCZ+vsiw0LriQjtpsBmpBe9XPzXC8VCsokug4zJJDVUknlwlHJkYpS3ggZMUWL4xBJMFLO/IzLCChNju8tL8RcrWCats5rv1fy782r9uqinBEdwDKfgwwXU4RYa0AQCKTzDC7w6T86b8+58zFdXnOLmEP7A+fwB7daZiQ==</latexit><latexit sha1_base64="H8Q1h6nfYtBJ7//4CyEQULvj9O4=">AAACCHicbVDLSsNAFL3xWeujUZduBovgqiQi6EYounFZwT6gDWUynbRDZyZhZiLU0B/wF9zq3p249S/c+iVO2iy09cCFwzn3ci4nTDjTxvO+nJXVtfWNzdJWeXtnd6/i7h+0dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HN7nffqBKs1jem0lCA4GHkkWMYGOlvlt5vOqFWPUSzfIp992qV/NmQMvEL0gVCjT67ndvEJNUUGkIx1p3fS8xQYaVYYTTabmXappgMsZD2rVUYkF1kM0en6ITqwxQFCs70qCZ+vsiw0LriQjtpsBmpBe9XPzXC8VCsokug4zJJDVUknlwlHJkYpS3ggZMUWL4xBJMFLO/IzLCChNju8tL8RcrWCats5rv1fy782r9uqinBEdwDKfgwwXU4RYa0AQCKTzDC7w6T86b8+58zFdXnOLmEP7A+fwB7daZiQ==</latexit><latexit sha1_base64="H8Q1h6nfYtBJ7//4CyEQULvj9O4=">AAACCHicbVDLSsNAFL3xWeujUZduBovgqiQi6EYounFZwT6gDWUynbRDZyZhZiLU0B/wF9zq3p249S/c+iVO2iy09cCFwzn3ci4nTDjTxvO+nJXVtfWNzdJWeXtnd6/i7h+0dJwqQpsk5rHqhFhTziRtGmY47SSKYhFy2g7HN7nffqBKs1jem0lCA4GHkkWMYGOlvlt5vOqFWPUSzfIp992qV/NmQMvEL0gVCjT67ndvEJNUUGkIx1p3fS8xQYaVYYTTabmXappgMsZD2rVUYkF1kM0en6ITqwxQFCs70qCZ+vsiw0LriQjtpsBmpBe9XPzXC8VCsokug4zJJDVUknlwlHJkYpS3ggZMUWL4xBJMFLO/IzLCChNju8tL8RcrWCats5rv1fy782r9uqinBEdwDKfgwwXU4RYa0AQCKTzDC7w6T86b8+58zFdXnOLmEP7A+fwB7daZiQ==</latexit>

z
<latexit sha1_base64="jHsWQwhGPwrcZ+Bn4jl3xNk6NVY=">AAAB+XicbVBNSwMxFHypX7V+VT16CRbBU9kVQY9FLx6r2Fpol5JNs21okl2SrFCX/gOvevcmXv01Xv0lZts9aOvAg2HmPeYxYSK4sZ73hUorq2vrG+XNytb2zu5edf+gbeJUU9aisYh1JySGCa5Yy3IrWCfRjMhQsIdwfJ37D49MGx6reztJWCDJUPGIU2KddPdU6VdrXt2bAS8TvyA1KNDsV797g5imkilLBTGm63uJDTKiLaeCTSu91LCE0DEZsq6jikhmgmz26RSfOGWAo1i7URbP1N8XGZHGTGToNiWxI7Po5eK/XigXkm10GWRcJallis6Do1RgG+O8BjzgmlErJo4Qqrn7HdMR0YRaV1Zeir9YwTJpn9V9r+7fntcaV0U9ZTiCYzgFHy6gATfQhBZQiOAZXuAVZegNvaOP+WoJFTeH8Afo8wdWzpO4</latexit><latexit sha1_base64="jHsWQwhGPwrcZ+Bn4jl3xNk6NVY=">AAAB+XicbVBNSwMxFHypX7V+VT16CRbBU9kVQY9FLx6r2Fpol5JNs21okl2SrFCX/gOvevcmXv01Xv0lZts9aOvAg2HmPeYxYSK4sZ73hUorq2vrG+XNytb2zu5edf+gbeJUU9aisYh1JySGCa5Yy3IrWCfRjMhQsIdwfJ37D49MGx6reztJWCDJUPGIU2KddPdU6VdrXt2bAS8TvyA1KNDsV797g5imkilLBTGm63uJDTKiLaeCTSu91LCE0DEZsq6jikhmgmz26RSfOGWAo1i7URbP1N8XGZHGTGToNiWxI7Po5eK/XigXkm10GWRcJallis6Do1RgG+O8BjzgmlErJo4Qqrn7HdMR0YRaV1Zeir9YwTJpn9V9r+7fntcaV0U9ZTiCYzgFHy6gATfQhBZQiOAZXuAVZegNvaOP+WoJFTeH8Afo8wdWzpO4</latexit><latexit sha1_base64="jHsWQwhGPwrcZ+Bn4jl3xNk6NVY=">AAAB+XicbVBNSwMxFHypX7V+VT16CRbBU9kVQY9FLx6r2Fpol5JNs21okl2SrFCX/gOvevcmXv01Xv0lZts9aOvAg2HmPeYxYSK4sZ73hUorq2vrG+XNytb2zu5edf+gbeJUU9aisYh1JySGCa5Yy3IrWCfRjMhQsIdwfJ37D49MGx6reztJWCDJUPGIU2KddPdU6VdrXt2bAS8TvyA1KNDsV797g5imkilLBTGm63uJDTKiLaeCTSu91LCE0DEZsq6jikhmgmz26RSfOGWAo1i7URbP1N8XGZHGTGToNiWxI7Po5eK/XigXkm10GWRcJallis6Do1RgG+O8BjzgmlErJo4Qqrn7HdMR0YRaV1Zeir9YwTJpn9V9r+7fntcaV0U9ZTiCYzgFHy6gATfQhBZQiOAZXuAVZegNvaOP+WoJFTeH8Afo8wdWzpO4</latexit><latexit sha1_base64="jHsWQwhGPwrcZ+Bn4jl3xNk6NVY=">AAAB+XicbVBNSwMxFHypX7V+VT16CRbBU9kVQY9FLx6r2Fpol5JNs21okl2SrFCX/gOvevcmXv01Xv0lZts9aOvAg2HmPeYxYSK4sZ73hUorq2vrG+XNytb2zu5edf+gbeJUU9aisYh1JySGCa5Yy3IrWCfRjMhQsIdwfJ37D49MGx6reztJWCDJUPGIU2KddPdU6VdrXt2bAS8TvyA1KNDsV797g5imkilLBTGm63uJDTKiLaeCTSu91LCE0DEZsq6jikhmgmz26RSfOGWAo1i7URbP1N8XGZHGTGToNiWxI7Po5eK/XigXkm10GWRcJallis6Do1RgG+O8BjzgmlErJo4Qqrn7HdMR0YRaV1Zeir9YwTJpn9V9r+7fntcaV0U9ZTiCYzgFHy6gATfQhBZQiOAZXuAVZegNvaOP+WoJFTeH8Afo8wdWzpO4</latexit> z2

<latexit sha1_base64="cBaBRFWJcgujLjJ1exW77LXpcWU=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmAcka5iddJIhM7PLzKwQl/yCV717E69+jFe/xN1kD5pY0FBUdVNNBZHgxrrul1NYW9/Y3Cpul3Z29/YPyodHLRPGmmGThSLUnYAaFFxh03IrsBNppDIQ2A4mN5nffkRteKju7TRCX9KR4kPOqM2kp4daqV+uuFV3DrJKvJxUIEejX/7uDUIWS1SWCWpM13Mj6ydUW84Ezkq92GBE2YSOsJtSRSUaP5n/OiNnqTIgw1CnoyyZq78vEiqNmcog3ZTUjs2yl4n/eoFcSrbDKz/hKootKrYIHsaC2JBkRZAB18ismKaEMs3T3wkbU02ZTevKSvGWK1glrVrVc6ve3UWlfp3XU4QTOIVz8OAS6nALDWgCgzE8wwu8OjPnzXl3PharBSe/OYY/cD5/AIXtlFw=</latexit><latexit sha1_base64="cBaBRFWJcgujLjJ1exW77LXpcWU=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmAcka5iddJIhM7PLzKwQl/yCV717E69+jFe/xN1kD5pY0FBUdVNNBZHgxrrul1NYW9/Y3Cpul3Z29/YPyodHLRPGmmGThSLUnYAaFFxh03IrsBNppDIQ2A4mN5nffkRteKju7TRCX9KR4kPOqM2kp4daqV+uuFV3DrJKvJxUIEejX/7uDUIWS1SWCWpM13Mj6ydUW84Ezkq92GBE2YSOsJtSRSUaP5n/OiNnqTIgw1CnoyyZq78vEiqNmcog3ZTUjs2yl4n/eoFcSrbDKz/hKootKrYIHsaC2JBkRZAB18ismKaEMs3T3wkbU02ZTevKSvGWK1glrVrVc6ve3UWlfp3XU4QTOIVz8OAS6nALDWgCgzE8wwu8OjPnzXl3PharBSe/OYY/cD5/AIXtlFw=</latexit><latexit sha1_base64="cBaBRFWJcgujLjJ1exW77LXpcWU=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmAcka5iddJIhM7PLzKwQl/yCV717E69+jFe/xN1kD5pY0FBUdVNNBZHgxrrul1NYW9/Y3Cpul3Z29/YPyodHLRPGmmGThSLUnYAaFFxh03IrsBNppDIQ2A4mN5nffkRteKju7TRCX9KR4kPOqM2kp4daqV+uuFV3DrJKvJxUIEejX/7uDUIWS1SWCWpM13Mj6ydUW84Ezkq92GBE2YSOsJtSRSUaP5n/OiNnqTIgw1CnoyyZq78vEiqNmcog3ZTUjs2yl4n/eoFcSrbDKz/hKootKrYIHsaC2JBkRZAB18ismKaEMs3T3wkbU02ZTevKSvGWK1glrVrVc6ve3UWlfp3XU4QTOIVz8OAS6nALDWgCgzE8wwu8OjPnzXl3PharBSe/OYY/cD5/AIXtlFw=</latexit><latexit sha1_base64="cBaBRFWJcgujLjJ1exW77LXpcWU=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmAcka5iddJIhM7PLzKwQl/yCV717E69+jFe/xN1kD5pY0FBUdVNNBZHgxrrul1NYW9/Y3Cpul3Z29/YPyodHLRPGmmGThSLUnYAaFFxh03IrsBNppDIQ2A4mN5nffkRteKju7TRCX9KR4kPOqM2kp4daqV+uuFV3DrJKvJxUIEejX/7uDUIWS1SWCWpM13Mj6ydUW84Ezkq92GBE2YSOsJtSRSUaP5n/OiNnqTIgw1CnoyyZq78vEiqNmcog3ZTUjs2yl4n/eoFcSrbDKz/hKootKrYIHsaC2JBkRZAB18ismKaEMs3T3wkbU02ZTevKSvGWK1glrVrVc6ve3UWlfp3XU4QTOIVz8OAS6nALDWgCgzE8wwu8OjPnzXl3PharBSe/OYY/cD5/AIXtlFw=</latexit>

z3
<latexit sha1_base64="4Ac1grielLAqBNvta1JbYUTn1UA=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMegF48RzAOSNcxOJsmQmdllpleIS37Bq969iVc/xqtf4m6yB00saCiquqmmgkgKi6775RRWVtfWN4qbpa3tnd298v5B04axYbzBQhmadkAtl0LzBgqUvB0ZTlUgeSsY32R+65EbK0J9j5OI+4oOtRgIRjGTnh7OS71yxa26M5Bl4uWkAjnqvfJ3tx+yWHGNTFJrO54boZ9Qg4JJPi11Y8sjysZ0yDsp1VRx6yezX6fkJFX6ZBCadDSSmfr7IqHK2okK0k1FcWQXvUz81wvUQjIOrvxE6ChGrtk8eBBLgiHJiiB9YThDOUkJZUakvxM2ooYyTOvKSvEWK1gmzbOq51a9u4tK7TqvpwhHcAyn4MEl1OAW6tAABiN4hhd4dabOm/PufMxXC05+cwh/4Hz+AIeClF0=</latexit><latexit sha1_base64="4Ac1grielLAqBNvta1JbYUTn1UA=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMegF48RzAOSNcxOJsmQmdllpleIS37Bq969iVc/xqtf4m6yB00saCiquqmmgkgKi6775RRWVtfWN4qbpa3tnd298v5B04axYbzBQhmadkAtl0LzBgqUvB0ZTlUgeSsY32R+65EbK0J9j5OI+4oOtRgIRjGTnh7OS71yxa26M5Bl4uWkAjnqvfJ3tx+yWHGNTFJrO54boZ9Qg4JJPi11Y8sjysZ0yDsp1VRx6yezX6fkJFX6ZBCadDSSmfr7IqHK2okK0k1FcWQXvUz81wvUQjIOrvxE6ChGrtk8eBBLgiHJiiB9YThDOUkJZUakvxM2ooYyTOvKSvEWK1gmzbOq51a9u4tK7TqvpwhHcAyn4MEl1OAW6tAABiN4hhd4dabOm/PufMxXC05+cwh/4Hz+AIeClF0=</latexit><latexit sha1_base64="4Ac1grielLAqBNvta1JbYUTn1UA=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMegF48RzAOSNcxOJsmQmdllpleIS37Bq969iVc/xqtf4m6yB00saCiquqmmgkgKi6775RRWVtfWN4qbpa3tnd298v5B04axYbzBQhmadkAtl0LzBgqUvB0ZTlUgeSsY32R+65EbK0J9j5OI+4oOtRgIRjGTnh7OS71yxa26M5Bl4uWkAjnqvfJ3tx+yWHGNTFJrO54boZ9Qg4JJPi11Y8sjysZ0yDsp1VRx6yezX6fkJFX6ZBCadDSSmfr7IqHK2okK0k1FcWQXvUz81wvUQjIOrvxE6ChGrtk8eBBLgiHJiiB9YThDOUkJZUakvxM2ooYyTOvKSvEWK1gmzbOq51a9u4tK7TqvpwhHcAyn4MEl1OAW6tAABiN4hhd4dabOm/PufMxXC05+cwh/4Hz+AIeClF0=</latexit><latexit sha1_base64="4Ac1grielLAqBNvta1JbYUTn1UA=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMegF48RzAOSNcxOJsmQmdllpleIS37Bq969iVc/xqtf4m6yB00saCiquqmmgkgKi6775RRWVtfWN4qbpa3tnd298v5B04axYbzBQhmadkAtl0LzBgqUvB0ZTlUgeSsY32R+65EbK0J9j5OI+4oOtRgIRjGTnh7OS71yxa26M5Bl4uWkAjnqvfJ3tx+yWHGNTFJrO54boZ9Qg4JJPi11Y8sjysZ0yDsp1VRx6yezX6fkJFX6ZBCadDSSmfr7IqHK2okK0k1FcWQXvUz81wvUQjIOrvxE6ChGrtk8eBBLgiHJiiB9YThDOUkJZUakvxM2ooYyTOvKSvEWK1gmzbOq51a9u4tK7TqvpwhHcAyn4MEl1OAW6tAABiN4hhd4dabOm/PufMxXC05+cwh/4Hz+AIeClF0=</latexit>

z4
<latexit sha1_base64="za5/SHQk8ihH59uSSBYF1SjHrPw=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9BLx4jmAcka5iddJIhM7PLzKwQl/yCV717E69+jFe/xN1kD5pY0FBUdVNNBZHgxrrul1NYW9/Y3Cpul3Z29/YPyodHLRPGmmGThSLUnYAaFFxh03IrsBNppDIQ2A4mN5nffkRteKju7TRCX9KR4kPOqM2kp4daqV+uuFV3DrJKvJxUIEejX/7uDUIWS1SWCWpM13Mj6ydUW84Ezkq92GBE2YSOsJtSRSUaP5n/OiNnqTIgw1CnoyyZq78vEiqNmcog3ZTUjs2yl4n/eoFcSrbDKz/hKootKrYIHsaC2JBkRZAB18ismKaEMs3T3wkbU02ZTevKSvGWK1glrYuq51a9u1qlfp3XU4QTOIVz8OAS6nALDWgCgzE8wwu8OjPnzXl3PharBSe/OYY/cD5/AIkXlF4=</latexit><latexit sha1_base64="za5/SHQk8ihH59uSSBYF1SjHrPw=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9BLx4jmAcka5iddJIhM7PLzKwQl/yCV717E69+jFe/xN1kD5pY0FBUdVNNBZHgxrrul1NYW9/Y3Cpul3Z29/YPyodHLRPGmmGThSLUnYAaFFxh03IrsBNppDIQ2A4mN5nffkRteKju7TRCX9KR4kPOqM2kp4daqV+uuFV3DrJKvJxUIEejX/7uDUIWS1SWCWpM13Mj6ydUW84Ezkq92GBE2YSOsJtSRSUaP5n/OiNnqTIgw1CnoyyZq78vEiqNmcog3ZTUjs2yl4n/eoFcSrbDKz/hKootKrYIHsaC2JBkRZAB18ismKaEMs3T3wkbU02ZTevKSvGWK1glrYuq51a9u1qlfp3XU4QTOIVz8OAS6nALDWgCgzE8wwu8OjPnzXl3PharBSe/OYY/cD5/AIkXlF4=</latexit><latexit sha1_base64="za5/SHQk8ihH59uSSBYF1SjHrPw=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9BLx4jmAcka5iddJIhM7PLzKwQl/yCV717E69+jFe/xN1kD5pY0FBUdVNNBZHgxrrul1NYW9/Y3Cpul3Z29/YPyodHLRPGmmGThSLUnYAaFFxh03IrsBNppDIQ2A4mN5nffkRteKju7TRCX9KR4kPOqM2kp4daqV+uuFV3DrJKvJxUIEejX/7uDUIWS1SWCWpM13Mj6ydUW84Ezkq92GBE2YSOsJtSRSUaP5n/OiNnqTIgw1CnoyyZq78vEiqNmcog3ZTUjs2yl4n/eoFcSrbDKz/hKootKrYIHsaC2JBkRZAB18ismKaEMs3T3wkbU02ZTevKSvGWK1glrYuq51a9u1qlfp3XU4QTOIVz8OAS6nALDWgCgzE8wwu8OjPnzXl3PharBSe/OYY/cD5/AIkXlF4=</latexit><latexit sha1_base64="za5/SHQk8ihH59uSSBYF1SjHrPw=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9BLx4jmAcka5iddJIhM7PLzKwQl/yCV717E69+jFe/xN1kD5pY0FBUdVNNBZHgxrrul1NYW9/Y3Cpul3Z29/YPyodHLRPGmmGThSLUnYAaFFxh03IrsBNppDIQ2A4mN5nffkRteKju7TRCX9KR4kPOqM2kp4daqV+uuFV3DrJKvJxUIEejX/7uDUIWS1SWCWpM13Mj6ydUW84Ezkq92GBE2YSOsJtSRSUaP5n/OiNnqTIgw1CnoyyZq78vEiqNmcog3ZTUjs2yl4n/eoFcSrbDKz/hKootKrYIHsaC2JBkRZAB18ismKaEMs3T3wkbU02ZTevKSvGWK1glrYuq51a9u1qlfp3XU4QTOIVz8OAS6nALDWgCgzE8wwu8OjPnzXl3PharBSe/OYY/cD5/AIkXlF4=</latexit>

z5
<latexit sha1_base64="76jcIN9FmeAJjaL7MdkuUHTCDjI=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAOSNcxOJsmQmdllpleIS37Bq969iVc/xqtf4m6yB00saCiquqmmgkgKi6775RRWVtfWN4qbpa3tnd298v5B04axYbzBQhmadkAtl0LzBgqUvB0ZTlUgeSsY32R+65EbK0J9j5OI+4oOtRgIRjGTnh4uSr1yxa26M5Bl4uWkAjnqvfJ3tx+yWHGNTFJrO54boZ9Qg4JJPi11Y8sjysZ0yDsp1VRx6yezX6fkJFX6ZBCadDSSmfr7IqHK2okK0k1FcWQXvUz81wvUQjIOrvxE6ChGrtk8eBBLgiHJiiB9YThDOUkJZUakvxM2ooYyTOvKSvEWK1gmzbOq51a9u/NK7TqvpwhHcAyn4MEl1OAW6tAABiN4hhd4dabOm/PufMxXC05+cwh/4Hz+AIqslF8=</latexit><latexit sha1_base64="76jcIN9FmeAJjaL7MdkuUHTCDjI=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAOSNcxOJsmQmdllpleIS37Bq969iVc/xqtf4m6yB00saCiquqmmgkgKi6775RRWVtfWN4qbpa3tnd298v5B04axYbzBQhmadkAtl0LzBgqUvB0ZTlUgeSsY32R+65EbK0J9j5OI+4oOtRgIRjGTnh4uSr1yxa26M5Bl4uWkAjnqvfJ3tx+yWHGNTFJrO54boZ9Qg4JJPi11Y8sjysZ0yDsp1VRx6yezX6fkJFX6ZBCadDSSmfr7IqHK2okK0k1FcWQXvUz81wvUQjIOrvxE6ChGrtk8eBBLgiHJiiB9YThDOUkJZUakvxM2ooYyTOvKSvEWK1gmzbOq51a9u/NK7TqvpwhHcAyn4MEl1OAW6tAABiN4hhd4dabOm/PufMxXC05+cwh/4Hz+AIqslF8=</latexit><latexit sha1_base64="76jcIN9FmeAJjaL7MdkuUHTCDjI=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAOSNcxOJsmQmdllpleIS37Bq969iVc/xqtf4m6yB00saCiquqmmgkgKi6775RRWVtfWN4qbpa3tnd298v5B04axYbzBQhmadkAtl0LzBgqUvB0ZTlUgeSsY32R+65EbK0J9j5OI+4oOtRgIRjGTnh4uSr1yxa26M5Bl4uWkAjnqvfJ3tx+yWHGNTFJrO54boZ9Qg4JJPi11Y8sjysZ0yDsp1VRx6yezX6fkJFX6ZBCadDSSmfr7IqHK2okK0k1FcWQXvUz81wvUQjIOrvxE6ChGrtk8eBBLgiHJiiB9YThDOUkJZUakvxM2ooYyTOvKSvEWK1gmzbOq51a9u/NK7TqvpwhHcAyn4MEl1OAW6tAABiN4hhd4dabOm/PufMxXC05+cwh/4Hz+AIqslF8=</latexit><latexit sha1_base64="76jcIN9FmeAJjaL7MdkuUHTCDjI=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAOSNcxOJsmQmdllpleIS37Bq969iVc/xqtf4m6yB00saCiquqmmgkgKi6775RRWVtfWN4qbpa3tnd298v5B04axYbzBQhmadkAtl0LzBgqUvB0ZTlUgeSsY32R+65EbK0J9j5OI+4oOtRgIRjGTnh4uSr1yxa26M5Bl4uWkAjnqvfJ3tx+yWHGNTFJrO54boZ9Qg4JJPi11Y8sjysZ0yDsp1VRx6yezX6fkJFX6ZBCadDSSmfr7IqHK2okK0k1FcWQXvUz81wvUQjIOrvxE6ChGrtk8eBBLgiHJiiB9YThDOUkJZUakvxM2ooYyTOvKSvEWK1gmzbOq51a9u/NK7TqvpwhHcAyn4MEl1OAW6tAABiN4hhd4dabOm/PufMxXC05+cwh/4Hz+AIqslF8=</latexit>

z6
<latexit sha1_base64="ABUTc0QdYuQmBqRwFMo8itMpkLI=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSNcxOJsmQmdllpleIS37Bq969iVc/xqtf4m6yB00saCiquqmmgkgKi6775RRWVtfWN4qbpa3tnd298v5B04axYbzBQhmadkAtl0LzBgqUvB0ZTlUgeSsY32R+65EbK0J9j5OI+4oOtRgIRjGTnh4uSr1yxa26M5Bl4uWkAjnqvfJ3tx+yWHGNTFJrO54boZ9Qg4JJPi11Y8sjysZ0yDsp1VRx6yezX6fkJFX6ZBCadDSSmfr7IqHK2okK0k1FcWQXvUz81wvUQjIOrvxE6ChGrtk8eBBLgiHJiiB9YThDOUkJZUakvxM2ooYyTOvKSvEWK1gmzbOq51a9u/NK7TqvpwhHcAyn4MEl1OAW6tAABiN4hhd4dabOm/PufMxXC05+cwh/4Hz+AIxBlGA=</latexit><latexit sha1_base64="ABUTc0QdYuQmBqRwFMo8itMpkLI=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSNcxOJsmQmdllpleIS37Bq969iVc/xqtf4m6yB00saCiquqmmgkgKi6775RRWVtfWN4qbpa3tnd298v5B04axYbzBQhmadkAtl0LzBgqUvB0ZTlUgeSsY32R+65EbK0J9j5OI+4oOtRgIRjGTnh4uSr1yxa26M5Bl4uWkAjnqvfJ3tx+yWHGNTFJrO54boZ9Qg4JJPi11Y8sjysZ0yDsp1VRx6yezX6fkJFX6ZBCadDSSmfr7IqHK2okK0k1FcWQXvUz81wvUQjIOrvxE6ChGrtk8eBBLgiHJiiB9YThDOUkJZUakvxM2ooYyTOvKSvEWK1gmzbOq51a9u/NK7TqvpwhHcAyn4MEl1OAW6tAABiN4hhd4dabOm/PufMxXC05+cwh/4Hz+AIxBlGA=</latexit><latexit sha1_base64="ABUTc0QdYuQmBqRwFMo8itMpkLI=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSNcxOJsmQmdllpleIS37Bq969iVc/xqtf4m6yB00saCiquqmmgkgKi6775RRWVtfWN4qbpa3tnd298v5B04axYbzBQhmadkAtl0LzBgqUvB0ZTlUgeSsY32R+65EbK0J9j5OI+4oOtRgIRjGTnh4uSr1yxa26M5Bl4uWkAjnqvfJ3tx+yWHGNTFJrO54boZ9Qg4JJPi11Y8sjysZ0yDsp1VRx6yezX6fkJFX6ZBCadDSSmfr7IqHK2okK0k1FcWQXvUz81wvUQjIOrvxE6ChGrtk8eBBLgiHJiiB9YThDOUkJZUakvxM2ooYyTOvKSvEWK1gmzbOq51a9u/NK7TqvpwhHcAyn4MEl1OAW6tAABiN4hhd4dabOm/PufMxXC05+cwh/4Hz+AIxBlGA=</latexit><latexit sha1_base64="ABUTc0QdYuQmBqRwFMo8itMpkLI=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSNcxOJsmQmdllpleIS37Bq969iVc/xqtf4m6yB00saCiquqmmgkgKi6775RRWVtfWN4qbpa3tnd298v5B04axYbzBQhmadkAtl0LzBgqUvB0ZTlUgeSsY32R+65EbK0J9j5OI+4oOtRgIRjGTnh4uSr1yxa26M5Bl4uWkAjnqvfJ3tx+yWHGNTFJrO54boZ9Qg4JJPi11Y8sjysZ0yDsp1VRx6yezX6fkJFX6ZBCadDSSmfr7IqHK2okK0k1FcWQXvUz81wvUQjIOrvxE6ChGrtk8eBBLgiHJiiB9YThDOUkJZUakvxM2ooYyTOvKSvEWK1gmzbOq51a9u/NK7TqvpwhHcAyn4MEl1OAW6tAABiN4hhd4dabOm/PufMxXC05+cwh/4Hz+AIxBlGA=</latexit>

z7
<latexit sha1_base64="oCpWpDDlovpXIMkNI+7qpzCZfrk=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmAcka5id9CZDZmaXmVkhhvyCV717E69+jFe/xN1kD5pY0FBUdVNNBbHgxrrul1NYW9/Y3Cpul3Z29/YPyodHLRMlmmGTRSLSnYAaFFxh03IrsBNrpDIQ2A7GN5nffkRteKTu7SRGX9Kh4iFn1GbS00Ot1C9X3Ko7B1klXk4qkKPRL3/3BhFLJCrLBDWm67mx9adUW84Ezkq9xGBM2ZgOsZtSRSUafzr/dUbOUmVAwkinoyyZq78vplQaM5FBuimpHZllLxP/9QK5lGzDK3/KVZxYVGwRHCaC2IhkRZAB18ismKSEMs3T3wkbUU2ZTevKSvGWK1glrYuq51a9u8tK/TqvpwgncArn4EEN6nALDWgCgxE8wwu8OjPnzXl3PharBSe/OYY/cD5/AI3WlGE=</latexit><latexit sha1_base64="oCpWpDDlovpXIMkNI+7qpzCZfrk=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmAcka5id9CZDZmaXmVkhhvyCV717E69+jFe/xN1kD5pY0FBUdVNNBbHgxrrul1NYW9/Y3Cpul3Z29/YPyodHLRMlmmGTRSLSnYAaFFxh03IrsBNrpDIQ2A7GN5nffkRteKTu7SRGX9Kh4iFn1GbS00Ot1C9X3Ko7B1klXk4qkKPRL3/3BhFLJCrLBDWm67mx9adUW84Ezkq9xGBM2ZgOsZtSRSUafzr/dUbOUmVAwkinoyyZq78vplQaM5FBuimpHZllLxP/9QK5lGzDK3/KVZxYVGwRHCaC2IhkRZAB18ismKSEMs3T3wkbUU2ZTevKSvGWK1glrYuq51a9u8tK/TqvpwgncArn4EEN6nALDWgCgxE8wwu8OjPnzXl3PharBSe/OYY/cD5/AI3WlGE=</latexit><latexit sha1_base64="oCpWpDDlovpXIMkNI+7qpzCZfrk=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmAcka5id9CZDZmaXmVkhhvyCV717E69+jFe/xN1kD5pY0FBUdVNNBbHgxrrul1NYW9/Y3Cpul3Z29/YPyodHLRMlmmGTRSLSnYAaFFxh03IrsBNrpDIQ2A7GN5nffkRteKTu7SRGX9Kh4iFn1GbS00Ot1C9X3Ko7B1klXk4qkKPRL3/3BhFLJCrLBDWm67mx9adUW84Ezkq9xGBM2ZgOsZtSRSUafzr/dUbOUmVAwkinoyyZq78vplQaM5FBuimpHZllLxP/9QK5lGzDK3/KVZxYVGwRHCaC2IhkRZAB18ismKSEMs3T3wkbUU2ZTevKSvGWK1glrYuq51a9u8tK/TqvpwgncArn4EEN6nALDWgCgxE8wwu8OjPnzXl3PharBSe/OYY/cD5/AI3WlGE=</latexit><latexit sha1_base64="oCpWpDDlovpXIMkNI+7qpzCZfrk=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmAcka5id9CZDZmaXmVkhhvyCV717E69+jFe/xN1kD5pY0FBUdVNNBbHgxrrul1NYW9/Y3Cpul3Z29/YPyodHLRMlmmGTRSLSnYAaFFxh03IrsBNrpDIQ2A7GN5nffkRteKTu7SRGX9Kh4iFn1GbS00Ot1C9X3Ko7B1klXk4qkKPRL3/3BhFLJCrLBDWm67mx9adUW84Ezkq9xGBM2ZgOsZtSRSUafzr/dUbOUmVAwkinoyyZq78vplQaM5FBuimpHZllLxP/9QK5lGzDK3/KVZxYVGwRHCaC2IhkRZAB18ismKSEMs3T3wkbUU2ZTevKSvGWK1glrYuq51a9u8tK/TqvpwgncArn4EEN6nALDWgCgxE8wwu8OjPnzXl3PharBSe/OYY/cD5/AI3WlGE=</latexit>
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<latexit sha1_base64="dJ317UiueYwgzTQLaUC7VEtEYsI="></latexit>

/ [�⇤
3 + �crit

3 sgn(�)]�3

conformal window
<latexit sha1_base64="1Fju+VXkkXkwNzaaLkKZp341Zm4=">AAACHnicbVDLSsNAFJ34rPUVdelmsBTERUl8L4tuXFawD2himEwm7dCZJMxMhBL7Bf6Ev+BW9+7ErW79EidtQG09MHDuOedymeMnjEplWZ/G3PzC4tJyaaW8ura+sWlubbdknApMmjhmsej4SBJGI9JUVDHSSQRB3Gek7Q8uc799R4SkcXSjhglxOepFNKQYKS15ZvXeYTodIO/o9kBzAn/mzBEcYkHVyDMrVs0aA84SuyAVUKDhmV9OEOOUk0hhhqTs2lai3AwJRTEjo7KTSpIgPEA90tU0QpxINxt/ZwSrWglgGAv9IgXH6u+NDHEph9zXSY5UX057ufiv5/Opyyo8dzMaJakiEZ4cDlMGVQzzrmBABcGKDTVBeQ8UQ9xHAmGlGy3rUuzpCmZJ67Bmn9ZOro8r9YuinhLYBXtgH9jgDNTBFWiAJsDgATyBZ/BiPBqvxpvxPonOGcXODvgD4+Mb2MCimw==</latexit>

|�⇤
3|  �crit

3

scale symmetry broken spontaneously
<latexit sha1_base64="/hn89DMkCupMIlpR5bojG5W+crE=">AAACHHicbVDLSgMxFM3UV62vqks3wSKIizLjeyMU3bisYB/QGUsmk7ahSWZIMkKZ9gP8CX/Bre7diVvBrV9iph1QWw8Ezj3nXC45fsSo0rb9aeXm5hcWl/LLhZXVtfWN4uZWXYWxxKSGQxbKpo8UYVSQmqaakWYkCeI+Iw2/f5X6jXsiFQ3FrR5ExOOoK2iHYqSN1C6Whi4z6QC1j+4OhhfwZ0pcySGWVI9Myi7bY8BZ4mSkBDJU28UvNwhxzInQmCGlWo4daS9BUlPMyKjgxopECPdRl7QMFYgT5SXjz4zgnlEC2AmleULDsfp7I0FcqQH3TZIj3VPTXir+6/l86rLunHsJFVGsicCTw52YQR3CtCkYUEmwZgNDUNoDxRD3kERYmz4LphRnuoJZUj8sO6flk5vjUuUyqycPdsAu2AcOOAMVcA2qoAYweABP4Bm8WI/Wq/VmvU+iOSvb2QZ/YH18A/TAoZc=</latexit>

|�⇤
3| = �crit

3
<latexit sha1_base64="OhOp5iQJyj185f8FS6MyDsDwi6I=">AAACDHicbZDLSsNAFIYn9VbrLdqlm8EiuCqJeFsW3bisYC/QhDKZnrRDJ5MwMxFC6Cv4Cm51707c+g5ufRKnaRZa/eHAx3/O4Rz+IOFMacf5tCorq2vrG9XN2tb2zu6evX/QVXEqKXRozGPZD4gCzgR0NNMc+okEEgUcesH0Zt7vPYBULBb3OkvAj8hYsJBRoo01tOseJ2LMAXvJhHmy4KHdcJpOIfwX3BIaqFR7aH95o5imEQhNOVFq4DqJ9nMiNaMcZjUvVZAQOiVjGBgUJALl58XzM3xsnBEOY2lKaFy4PzdyEimVRYGZjIieqOXe3Py3F0RLl3V45edMJKkGQReHw5RjHeN5MnjEJFDNMwOESmZ+x3RCJKHa5FczobjLEfyF7mnTvWie3501WtdlPFV0iI7QCXLRJWqhW9RGHURRhp7QM3qxHq1X6816X4xWrHKnjn7J+vgGYCKbeg==</latexit>

h�i = free parameter 
<latexit sha1_base64="1OcZoUXKL+bGdHcJQYVDVMMhCEs=">AAACF3icbZDLSsNAFIYn9VbrLepSkMEiiEhJxNtGKArSjVDBXqAJYTKdtEMnkzAzEUrozpfwFdzq3p24denWJ3GaZqGtPwx8/OcczpnfjxmVyrK+jMLc/MLiUnG5tLK6tr5hbm41ZZQITBo4YpFo+0gSRjlpKKoYaceCoNBnpOUPrsf11gMRkkb8Xg1j4oaox2lAMVLa8szdW+/mEta8Q+cIOgzxHiPQifvUERl7ZtmqWJngLNg5lEGuumd+O90IJyHhCjMkZce2YuWmSCiKGRmVnESSGOEB6pGORo5CIt00+8cI7munC4NI6McVzNzfEykKpRyGvu4MkerL6drY/Lfmh1ObVXDhppTHiSIcTxYHCYMqguOQYJcKghUbakBYUH07xH0kEFY6ypIOxZ6OYBaaxxX7rHJ6d1KuXuXxFMEO2AMHwAbnoApqoA4aAINH8AxewKvxZLwZ78bHpLVg5DPb4I+Mzx+h+Z6w</latexit>

MF = H⇤ h�i = free parameter 
<latexit sha1_base64="C3xuo4QzgN/C5d/mKjgPbSTuUJc=">AAAB/HicbVC7SgNBFL0bXzG+opY2g0GwCrviqxGCNjZCBDcJJEuYncwmQ2Zml5lZISzxF2y1txNb/8XWL3GSbKGJBy4czrmXczlhwpk2rvvlFJaWV1bXiuuljc2t7Z3y7l5Dx6ki1Ccxj1UrxJpyJqlvmOG0lSiKRchpMxzeTPzmI1WaxfLBjBIaCNyXLGIEGyv5d1195XbLFbfqToEWiZeTCuSod8vfnV5MUkGlIRxr3fbcxAQZVoYRTselTqppgskQ92nbUokF1UE2fXaMjqzSQ1Gs7EiDpurviwwLrUcitJsCm4Ge9ybiv14o5pJNdBlkTCapoZLMgqOUIxOjSROoxxQlho8swUQx+zsiA6wwMbavki3Fm69gkTROqt559ez+tFK7zuspwgEcwjF4cAE1uIU6+ECAwTO8wKvz5Lw5787HbLXg5Df78AfO5w9srpTo</latexit>
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bosonisation duality

S Weinberg, Effective field theories in the large N limit, hep-th/9706042

large N fermionic theory 

equivalent to

functional Legendre transform



bosonisation duality

Cresswell-Hogg, Litim, 2311.16246

<latexit sha1_base64="w1Ujc54TRhkU5Uy82sfPVsd6ptY=">AAACNXicbVDLSsNAFJ34rPUVdelmsAgtSknE10Kh6KbLCqYtNCFMppN2yOTBzEQooT/jT/gLbnXnwo2IW3/BSduFpl6Yy+Gce7h3jpcwKqRhvGkLi0vLK6ultfL6xubWtr6z2xZxyjGxcMxi3vWQIIxGxJJUMtJNOEGhx0jHC25zvfNAuKBxdC9HCXFCNIioTzGSinL1q7YbVG0PcTsR1EXTXrtuuoF9bCdDqnpBhEdWblFazdUrRt2YFJwH5gxUwKxarv5h92OchiSSmCEheqaRSCdDXFLMyLhsp4IkCAdoQHoKRigkwskmvxzDQ8X0oR9z9SIJJ+xvR4ZCIUahpyZDJIeiqOXkv5oXFjZL/9LJaJSkkkR4uthPGZQxzCOEfcoJlmykAMKcqtshHiKOsFRBl1UoZjGCedA+qZvn9bO700rjZhZPCeyDA1AFJrgADdAELWABDB7BM3gBr9qT9q59al/T0QVt5tkDf0r7/gH12Ks6</latexit>

Vk( ̄a a) = Hk �  ̄a a + Uk(�)
<latexit sha1_base64="4OwcLz7aOjHSlczFsKl1lnFGtMc=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0WsoCURXxuh6KbLCqYtNCFMppN2yOTBzEQoob/gT/gLbnXvTtyJO7/ESZuFth6Yy+Gce7l3jpcwKqRhfGqlhcWl5ZXyamVtfWNzS9/eaYs45ZhYOGYx73pIEEYjYkkqGekmnKDQY6TjBbe533kgXNA4upejhDghGkTUpxhJJbl6zTp0g5qdDOnR9UnTDezjnKvqIW4ngrpoWqGrV426MQGcJ2ZBqqBAy9W/7X6M05BEEjMkRM80EulkiEuKGRlX7FSQBOEADUhP0QiFRDjZ5EdjeKCUPvRjrl4k4UT9PZGhUIhR6KnOEMmhmPVy8V/PC2c2S//KyWiUpJJEeLrYTxmUMczjgn3KCZZspAjCnKrbIR4ijrBUoVZUKOZsBPOkfVo3L+rnd2fVxk0RTxnsgX1QAya4BA3QBC1gAQwewTN4Aa/ak/amvWsf09aSVszsgj/Qvn4AbpqiyQ==</latexit>

U
0
k(�) = �Hk �  ̄a a

<latexit sha1_base64="ETLHzXkvPytiTCypyA3XxY9RwuE=">AAAB+nicbVC7SgNBFL0bXzG+opY2g0GwCrviqwzapIxoHpAsYXYymwyZmV1mZoWw5hNstbcTW3/G1i9xstlCEw9cOJxzL+dygpgzbVz3yymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Hbmtx+p0iySD2YSU1/goWQhI9hY6b7eH/fLFbfqZkDLxMtJBXI0+uXv3iAiiaDSEI617npubPwUK8MIp9NSL9E0xmSMh7RrqcSCaj/NXp2iE6sMUBgpO9KgTP19kWKh9UQEdlNgM9KL3kz81wvEQrIJr/2UyTgxVJJ5cJhwZCI06wENmKLE8IklmChmf0dkhBUmxrZVsqV4ixUsk9ZZ1busXtydV2o3eT1FOIJjOAUPrqAGdWhAEwgM4Rle4NV5ct6cd+djvlpw8ptD+APn8wdfoJRa</latexit>
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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>
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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
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Summary
critical points in 3d QFTs

large N dualities

fermionic theories from first principles, UV / IR fixed points,
mass generation & spontaneous scale symmetry breaking
      prerequisite: interactions break chiral symmetry
links with CFTs and AdS/CFT

maps between seemingly different 3d / 4d QFTs 
new critical points, fermions vs bosons, GN vs GNY 

what’s next? 4F interactions beyond GN, more dualities,
spontaneous scale symmetry breaking in 4d, 
gauge fields, finite N … 
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