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Overview and plan

To go from planar to non-planar, we glue 
planar objects together to form closed cycles

Main idea — 

Sum over the string Hilbert space

Higher genus surfaces have moduli space that we integrate/sum over 

⌧
<latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit> ⌧ + 1

<latexit sha1_base64="b+QZVVdOq6/O/sdjeaOMHljrcKs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegF48RzAOSJcxOJsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6Pvf3srq2vrGZmGruL2zu7dfOjhsWJ0axutMS21aEbVcCsXrKFDyVmI4jSPJm9Hoduo3n7ixQqsHHCc8jOlAib5gFJ3U6CBNz4NuqexX/BnIMglyUoYctW7pq9PTLI25Qiapte3ATzDMqEHBJJ8UO6nlCWUjOuBtRxWNuQ2z2bUTcuqUHulr40ohmam/JzIaWzuOI9cZUxzaRW8q/ue1U+xfh5lQSYpcsfmifioJajJ9nfSE4Qzl2BHKjHC3EjakhjJ0ARVdCMHiy8ukcVEJ/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePO29eO/ex7x1xctnjuAPvM8f+eqOuA==</latexit><latexit sha1_base64="b+QZVVdOq6/O/sdjeaOMHljrcKs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegF48RzAOSJcxOJsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6Pvf3srq2vrGZmGruL2zu7dfOjhsWJ0axutMS21aEbVcCsXrKFDyVmI4jSPJm9Hoduo3n7ixQqsHHCc8jOlAib5gFJ3U6CBNz4NuqexX/BnIMglyUoYctW7pq9PTLI25Qiapte3ATzDMqEHBJJ8UO6nlCWUjOuBtRxWNuQ2z2bUTcuqUHulr40ohmam/JzIaWzuOI9cZUxzaRW8q/ue1U+xfh5lQSYpcsfmifioJajJ9nfSE4Qzl2BHKjHC3EjakhjJ0ARVdCMHiy8ukcVEJ/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePO29eO/ex7x1xctnjuAPvM8f+eqOuA==</latexit><latexit sha1_base64="b+QZVVdOq6/O/sdjeaOMHljrcKs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegF48RzAOSJcxOJsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6Pvf3srq2vrGZmGruL2zu7dfOjhsWJ0axutMS21aEbVcCsXrKFDyVmI4jSPJm9Hoduo3n7ixQqsHHCc8jOlAib5gFJ3U6CBNz4NuqexX/BnIMglyUoYctW7pq9PTLI25Qiapte3ATzDMqEHBJJ8UO6nlCWUjOuBtRxWNuQ2z2bUTcuqUHulr40ohmam/JzIaWzuOI9cZUxzaRW8q/ue1U+xfh5lQSYpcsfmifioJajJ9nfSE4Qzl2BHKjHC3EjakhjJ0ARVdCMHiy8ukcVEJ/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePO29eO/ex7x1xctnjuAPvM8f+eqOuA==</latexit><latexit sha1_base64="b+QZVVdOq6/O/sdjeaOMHljrcKs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegF48RzAOSJcxOJsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6Pvf3srq2vrGZmGruL2zu7dfOjhsWJ0axutMS21aEbVcCsXrKFDyVmI4jSPJm9Hoduo3n7ixQqsHHCc8jOlAib5gFJ3U6CBNz4NuqexX/BnIMglyUoYctW7pq9PTLI25Qiapte3ATzDMqEHBJJ8UO6nlCWUjOuBtRxWNuQ2z2bUTcuqUHulr40ohmam/JzIaWzuOI9cZUxzaRW8q/ue1U+xfh5lQSYpcsfmifioJajJ9nfSE4Qzl2BHKjHC3EjakhjJ0ARVdCMHiy8ukcVEJ/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePO29eO/ex7x1xctnjuAPvM8f+eqOuA==</latexit>

1
<latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit>

Gluing has to be done separately 
at any point on the moduli space)
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We will do this for scattering amplitudes in momentum space



Overview and plan

Non planar duality with Wilson loopsApplication —

What it is good for?

Restore dual conformal symmetry


Integrability based pentagon OPE


Non planar loop integrand

In a toy model (fishnet)

In N=4 SYM theory


Checks • Dual string in AdS


• One loop

Extensions — OPE for form factors

Local twist operators (see Kolya’s talk)



Review — ’t Hooft expansion of scattering amplitudes
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Scattering amplitudes of particles in the adjoint representation of SU(    )Nc



The cylinder cut
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<latexit sha1_base64="2v26hFrf5+2I4Iem4VzM28dGH+c=">AAAB7nicdVDLSgMxFM34rPVVdekmWERXQ6YObd0V3bisYB/QDiWTZtrQJDMkGaEM/Qg3LhRx6/e482/MtBVU9MCFwzn3cu89YcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044uc79zj1VmsXyzkwTGgg8kixiBBsrdfojLAQ+G5TKyL2sVyt+FSIXoZpX8XJSqfkXPvSskqMMlmgOSu/9YUxSQaUhHGvd81Biggwrwwins2I/1TTBZIJHtGepxILqIJufO4OnVhnCKFa2pIFz9ftEhoXWUxHaToHNWP/2cvEvr5eaqB5kTCapoZIsFkUphyaG+e9wyBQlhk8twUQxeyskY6wwMTahog3h61P4P2lXXA+53q1fblwt4yiAY3ACzoEHaqABbkATtAABE/AAnsCzkziPzovzumhdcZYzR+AHnLdPSXKPiA==</latexit><latexit sha1_base64="2v26hFrf5+2I4Iem4VzM28dGH+c=">AAAB7nicdVDLSgMxFM34rPVVdekmWERXQ6YObd0V3bisYB/QDiWTZtrQJDMkGaEM/Qg3LhRx6/e482/MtBVU9MCFwzn3cu89YcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044uc79zj1VmsXyzkwTGgg8kixiBBsrdfojLAQ+G5TKyL2sVyt+FSIXoZpX8XJSqfkXPvSskqMMlmgOSu/9YUxSQaUhHGvd81Biggwrwwins2I/1TTBZIJHtGepxILqIJufO4OnVhnCKFa2pIFz9ftEhoXWUxHaToHNWP/2cvEvr5eaqB5kTCapoZIsFkUphyaG+e9wyBQlhk8twUQxeyskY6wwMTahog3h61P4P2lXXA+53q1fblwt4yiAY3ACzoEHaqABbkATtAABE/AAnsCzkziPzovzumhdcZYzR+AHnLdPSXKPiA==</latexit><latexit sha1_base64="2v26hFrf5+2I4Iem4VzM28dGH+c=">AAAB7nicdVDLSgMxFM34rPVVdekmWERXQ6YObd0V3bisYB/QDiWTZtrQJDMkGaEM/Qg3LhRx6/e482/MtBVU9MCFwzn3cu89YcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044uc79zj1VmsXyzkwTGgg8kixiBBsrdfojLAQ+G5TKyL2sVyt+FSIXoZpX8XJSqfkXPvSskqMMlmgOSu/9YUxSQaUhHGvd81Biggwrwwins2I/1TTBZIJHtGepxILqIJufO4OnVhnCKFa2pIFz9ftEhoXWUxHaToHNWP/2cvEvr5eaqB5kTCapoZIsFkUphyaG+e9wyBQlhk8twUQxeyskY6wwMTahog3h61P4P2lXXA+53q1fblwt4yiAY3ACzoEHaqABbkATtAABE/AAnsCzkziPzovzumhdcZYzR+AHnLdPSXKPiA==</latexit><latexit sha1_base64="2v26hFrf5+2I4Iem4VzM28dGH+c=">AAAB7nicdVDLSgMxFM34rPVVdekmWERXQ6YObd0V3bisYB/QDiWTZtrQJDMkGaEM/Qg3LhRx6/e482/MtBVU9MCFwzn3cu89YcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044uc79zj1VmsXyzkwTGgg8kixiBBsrdfojLAQ+G5TKyL2sVyt+FSIXoZpX8XJSqfkXPvSskqMMlmgOSu/9YUxSQaUhHGvd81Biggwrwwins2I/1TTBZIJHtGepxILqIJufO4OnVhnCKFa2pIFz9ftEhoXWUxHaToHNWP/2cvEvr5eaqB5kTCapoZIsFkUphyaG+e9wyBQlhk8twUQxeyskY6wwMTahog3h61P4P2lXXA+53q1fblwt4yiAY3ACzoEHaqABbkATtAABE/AAnsCzkziPzovzumhdcZYzR+AHnLdPSXKPiA==</latexit>

momentum flow through 
the cylinder

q = k1 + k2 + k3
<latexit sha1_base64="2XxaH9/kUCUk2fLqTHFEuVZemrk=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBb0IRS8eK9gPaEPYbDftks0m3d0USujv8OJBEa/+GG/+G7dtDtr6YODx3gwz8/yEM6Vt+9sqrK1vbG4Vt0s7u3v7B+XDo5aKU0lok8Q8lh0fK8qZoE3NNKedRFIc+Zy2/fB+5rfHVCoWiyc9Sagb4YFgASNYG8kd3YaecxF6NVOXXrliV+050CpxclKBHA2v/NXrxySNqNCEY6W6jp1oN8NSM8LptNRLFU0wCfGAdg0VOKLKzeZHT9GZUfooiKUpodFc/T2R4UipSeSbzgjroVr2ZuJ/XjfVwY2bMZGkmgqyWBSkHOkYzRJAfSYp0XxiCCaSmVsRGWKJiTY5lUwIzvLLq6RVqzp21Xm8qtTv8jiKcAKncA4OXEMdHqABTSAwgmd4hTdrbL1Y79bHorVg5TPH8AfW5w8I5ZD0</latexit><latexit sha1_base64="2XxaH9/kUCUk2fLqTHFEuVZemrk=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBb0IRS8eK9gPaEPYbDftks0m3d0USujv8OJBEa/+GG/+G7dtDtr6YODx3gwz8/yEM6Vt+9sqrK1vbG4Vt0s7u3v7B+XDo5aKU0lok8Q8lh0fK8qZoE3NNKedRFIc+Zy2/fB+5rfHVCoWiyc9Sagb4YFgASNYG8kd3YaecxF6NVOXXrliV+050CpxclKBHA2v/NXrxySNqNCEY6W6jp1oN8NSM8LptNRLFU0wCfGAdg0VOKLKzeZHT9GZUfooiKUpodFc/T2R4UipSeSbzgjroVr2ZuJ/XjfVwY2bMZGkmgqyWBSkHOkYzRJAfSYp0XxiCCaSmVsRGWKJiTY5lUwIzvLLq6RVqzp21Xm8qtTv8jiKcAKncA4OXEMdHqABTSAwgmd4hTdrbL1Y79bHorVg5TPH8AfW5w8I5ZD0</latexit><latexit sha1_base64="2XxaH9/kUCUk2fLqTHFEuVZemrk=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBb0IRS8eK9gPaEPYbDftks0m3d0USujv8OJBEa/+GG/+G7dtDtr6YODx3gwz8/yEM6Vt+9sqrK1vbG4Vt0s7u3v7B+XDo5aKU0lok8Q8lh0fK8qZoE3NNKedRFIc+Zy2/fB+5rfHVCoWiyc9Sagb4YFgASNYG8kd3YaecxF6NVOXXrliV+050CpxclKBHA2v/NXrxySNqNCEY6W6jp1oN8NSM8LptNRLFU0wCfGAdg0VOKLKzeZHT9GZUfooiKUpodFc/T2R4UipSeSbzgjroVr2ZuJ/XjfVwY2bMZGkmgqyWBSkHOkYzRJAfSYp0XxiCCaSmVsRGWKJiTY5lUwIzvLLq6RVqzp21Xm8qtTv8jiKcAKncA4OXEMdHqABTSAwgmd4hTdrbL1Y79bHorVg5TPH8AfW5w8I5ZD0</latexit><latexit sha1_base64="2XxaH9/kUCUk2fLqTHFEuVZemrk=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBb0IRS8eK9gPaEPYbDftks0m3d0USujv8OJBEa/+GG/+G7dtDtr6YODx3gwz8/yEM6Vt+9sqrK1vbG4Vt0s7u3v7B+XDo5aKU0lok8Q8lh0fK8qZoE3NNKedRFIc+Zy2/fB+5rfHVCoWiyc9Sagb4YFgASNYG8kd3YaecxF6NVOXXrliV+050CpxclKBHA2v/NXrxySNqNCEY6W6jp1oN8NSM8LptNRLFU0wCfGAdg0VOKLKzeZHT9GZUfooiKUpodFc/T2R4UipSeSbzgjroVr2ZuJ/XjfVwY2bMZGkmgqyWBSkHOkYzRJAfSYp0XxiCCaSmVsRGWKJiTY5lUwIzvLLq6RVqzp21Xm8qtTv8jiKcAKncA4OXEMdHqABTSAwgmd4hTdrbL1Y79bHorVg5TPH8AfW5w8I5ZD0</latexit>

) An,m(l) =
X

a

A�
n,m(l + aq)

<latexit sha1_base64="FuO74NMczISfFf9JRDj9LSw8KFA="></latexit><latexit sha1_base64="FuO74NMczISfFf9JRDj9LSw8KFA="></latexit><latexit sha1_base64="FuO74NMczISfFf9JRDj9LSw8KFA="></latexit><latexit sha1_base64="FuO74NMczISfFf9JRDj9LSw8KFA="></latexit>

physical (independent of    )�
<latexit sha1_base64="7w1I/UimgWXxIOgu4iuwXLFsnpU=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6YObd0V3bisYB/QDiWTZtrYJDMkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89YcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044ucr9zj1VmsXy1kwTGgg8kixiBBsrtfsjLAQelMrIvahXK34VIhehmlfxclKp+ec+9KySowyWaA5K7/1hTFJBpSEca93zUGKCDCvDCKezYj/VNMFkgke0Z6nEguogm187g6dWGcIoVrakgXP1+0SGhdZTEdpOgc1Y//Zy8S+vl5qoHmRMJqmhkiwWRSmHJob563DIFCWGTy3BRDF7KyRjrDAxNqCiDeHrU/g/aVdcD7nejV9uXC7jKIBjcALOgAdqoAGuQRO0AAF34AE8gWcndh6dF+d10briLGeOwA84b5/m+o9X</latexit><latexit sha1_base64="7w1I/UimgWXxIOgu4iuwXLFsnpU=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6YObd0V3bisYB/QDiWTZtrYJDMkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89YcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044ucr9zj1VmsXy1kwTGgg8kixiBBsrtfsjLAQelMrIvahXK34VIhehmlfxclKp+ec+9KySowyWaA5K7/1hTFJBpSEca93zUGKCDCvDCKezYj/VNMFkgke0Z6nEguogm187g6dWGcIoVrakgXP1+0SGhdZTEdpOgc1Y//Zy8S+vl5qoHmRMJqmhkiwWRSmHJob563DIFCWGTy3BRDF7KyRjrDAxNqCiDeHrU/g/aVdcD7nejV9uXC7jKIBjcALOgAdqoAGuQRO0AAF34AE8gWcndh6dF+d10briLGeOwA84b5/m+o9X</latexit><latexit sha1_base64="7w1I/UimgWXxIOgu4iuwXLFsnpU=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6YObd0V3bisYB/QDiWTZtrYJDMkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89YcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044ucr9zj1VmsXy1kwTGgg8kixiBBsrtfsjLAQelMrIvahXK34VIhehmlfxclKp+ec+9KySowyWaA5K7/1hTFJBpSEca93zUGKCDCvDCKezYj/VNMFkgke0Z6nEguogm187g6dWGcIoVrakgXP1+0SGhdZTEdpOgc1Y//Zy8S+vl5qoHmRMJqmhkiwWRSmHJob563DIFCWGTy3BRDF7KyRjrDAxNqCiDeHrU/g/aVdcD7nejV9uXC7jKIBjcALOgAdqoAGuQRO0AAF34AE8gWcndh6dF+d10briLGeOwA84b5/m+o9X</latexit><latexit sha1_base64="7w1I/UimgWXxIOgu4iuwXLFsnpU=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6YObd0V3bisYB/QDiWTZtrYJDMkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89YcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044ucr9zj1VmsXy1kwTGgg8kixiBBsrtfsjLAQelMrIvahXK34VIhehmlfxclKp+ec+9KySowyWaA5K7/1hTFJBpSEca93zUGKCDCvDCKezYj/VNMFkgke0Z6nEguogm187g6dWGcIoVrakgXP1+0SGhdZTEdpOgc1Y//Zy8S+vl5qoHmRMJqmhkiwWRSmHJob563DIFCWGTy3BRDF7KyRjrDAxNqCiDeHrU/g/aVdcD7nejV9uXC7jKIBjcALOgAdqoAGuQRO0AAF34AE8gWcndh6dF+d10briLGeOwA84b5/m+o9X</latexit>

An,m(l + q) = An,m(l)
<latexit sha1_base64="Oz2Z2Qyr7PuANqDrXp9mkZrjvGI="></latexit><latexit sha1_base64="Oz2Z2Qyr7PuANqDrXp9mkZrjvGI="></latexit><latexit sha1_base64="Oz2Z2Qyr7PuANqDrXp9mkZrjvGI="></latexit><latexit sha1_base64="Oz2Z2Qyr7PuANqDrXp9mkZrjvGI="></latexit>

cylinder modular transformation l ! l + q
<latexit sha1_base64="FOCCFJzqVYJl5hgllUXwLq3A4E8=">AAAB73icdVDLSgMxFM34rPVVdekmWARBGDLj0NZd0Y3LCvYB7VAyaaYNzWSmSUYoQ3/CjQtF3Po77vwbM20FFT0QOJxzL7nnBAlnSiP0Ya2srq1vbBa2its7u3v7pYPDlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8XXut++pVCwWd3qaUD/CQ8FCRrA2Uof3dAz5+aRfKiP7slZxvQpENkJVx3Vy4la9Cw86RslRBks0+qX33iAmaUSFJhwr1XVQov0MS80Ip7NiL1U0wWSMh7RrqMARVX42v3cGT40ygGEszRMaztXvGxmOlJpGgZmMsB6p314u/uV1Ux3W/IyJJNVUkMVHYcqhCZmHhwMmKdF8aggmkplbIRlhiYk2FRVNCV9J4f+k5doOsp1br1y/WtZRAMfgBJwBB1RBHdyABmgCAjh4AE/g2ZpYj9aL9boYXbGWO0fgB6y3T+Vkj98=</latexit><latexit sha1_base64="FOCCFJzqVYJl5hgllUXwLq3A4E8=">AAAB73icdVDLSgMxFM34rPVVdekmWARBGDLj0NZd0Y3LCvYB7VAyaaYNzWSmSUYoQ3/CjQtF3Po77vwbM20FFT0QOJxzL7nnBAlnSiP0Ya2srq1vbBa2its7u3v7pYPDlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8XXut++pVCwWd3qaUD/CQ8FCRrA2Uof3dAz5+aRfKiP7slZxvQpENkJVx3Vy4la9Cw86RslRBks0+qX33iAmaUSFJhwr1XVQov0MS80Ip7NiL1U0wWSMh7RrqMARVX42v3cGT40ygGEszRMaztXvGxmOlJpGgZmMsB6p314u/uV1Ux3W/IyJJNVUkMVHYcqhCZmHhwMmKdF8aggmkplbIRlhiYk2FRVNCV9J4f+k5doOsp1br1y/WtZRAMfgBJwBB1RBHdyABmgCAjh4AE/g2ZpYj9aL9boYXbGWO0fgB6y3T+Vkj98=</latexit><latexit sha1_base64="FOCCFJzqVYJl5hgllUXwLq3A4E8=">AAAB73icdVDLSgMxFM34rPVVdekmWARBGDLj0NZd0Y3LCvYB7VAyaaYNzWSmSUYoQ3/CjQtF3Po77vwbM20FFT0QOJxzL7nnBAlnSiP0Ya2srq1vbBa2its7u3v7pYPDlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8XXut++pVCwWd3qaUD/CQ8FCRrA2Uof3dAz5+aRfKiP7slZxvQpENkJVx3Vy4la9Cw86RslRBks0+qX33iAmaUSFJhwr1XVQov0MS80Ip7NiL1U0wWSMh7RrqMARVX42v3cGT40ygGEszRMaztXvGxmOlJpGgZmMsB6p314u/uV1Ux3W/IyJJNVUkMVHYcqhCZmHhwMmKdF8aggmkplbIRlhiYk2FRVNCV9J4f+k5doOsp1br1y/WtZRAMfgBJwBB1RBHdyABmgCAjh4AE/g2ZpYj9aL9boYXbGWO0fgB6y3T+Vkj98=</latexit><latexit sha1_base64="FOCCFJzqVYJl5hgllUXwLq3A4E8=">AAAB73icdVDLSgMxFM34rPVVdekmWARBGDLj0NZd0Y3LCvYB7VAyaaYNzWSmSUYoQ3/CjQtF3Po77vwbM20FFT0QOJxzL7nnBAlnSiP0Ya2srq1vbBa2its7u3v7pYPDlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8XXut++pVCwWd3qaUD/CQ8FCRrA2Uof3dAz5+aRfKiP7slZxvQpENkJVx3Vy4la9Cw86RslRBks0+qX33iAmaUSFJhwr1XVQov0MS80Ip7NiL1U0wWSMh7RrqMARVX42v3cGT40ygGEszRMaztXvGxmOlJpGgZmMsB6p314u/uV1Ux3W/IyJJNVUkMVHYcqhCZmHhwMmKdF8aggmkplbIRlhiYk2FRVNCV9J4f+k5doOsp1br1y/WtZRAMfgBJwBB1RBHdyABmgCAjh4AE/g2ZpYj9aL9boYXbGWO0fgB6y3T+Vkj98=</latexit>

full amplitude

An,m =
�

N

Z

l'l+q

d4lAn,m(l)

<latexit sha1_base64="NM9h5tLRv6qsJEaPtb+QJZlsf94="></latexit><latexit sha1_base64="NM9h5tLRv6qsJEaPtb+QJZlsf94="></latexit><latexit sha1_base64="NM9h5tLRv6qsJEaPtb+QJZlsf94="></latexit><latexit sha1_base64="NM9h5tLRv6qsJEaPtb+QJZlsf94="></latexit>



Higher orders in 1/N

Dual torus modular parameter
In 2d complex plane spreed by    andl1 l2

l1 ' l1 + l2
l2 ' l2 + l1

The cycles cut amplitude is 
the “string loop integrand”

correction to single trace1/N2
<latexit sha1_base64="5q56X41XTh2sYQp6MzIseI5VdPE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4GifVse2u6MaVVHDaQjuWTJppQzOZIckIZeg3uHGhiFs/yJ1/Y/oQVPTAhcM593LvPUHCmdKO82HllpZXVtfy64WNza3tneLuXlPFqSTUIzGPZTvAinImqKeZ5rSdSIqjgNNWMLqc+q17KhWLxa0eJ9SP8ECwkBGsjeShk+u7cq9YcmyngspuDTo2qrpurWqIW0GntXOIbGeGElig0Su+d/sxSSMqNOFYqQ5yEu1nWGpGOJ0UuqmiCSYjPKAdQwWOqPKz2bETeGSUPgxjaUpoOFO/T2Q4UmocBaYzwnqofntT8S+vk+qw6mdMJKmmgswXhSmHOobTz2GfSUo0HxuCiWTmVkiGWGKiTT4FE8LXp/B/0izbyER0c1aqXyziyIMDcAiOAQIVUAdXoAE8QAADD+AJPFvCerRerNd5a85azOyDH7DePgErrI5F</latexit><latexit sha1_base64="5q56X41XTh2sYQp6MzIseI5VdPE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4GifVse2u6MaVVHDaQjuWTJppQzOZIckIZeg3uHGhiFs/yJ1/Y/oQVPTAhcM593LvPUHCmdKO82HllpZXVtfy64WNza3tneLuXlPFqSTUIzGPZTvAinImqKeZ5rSdSIqjgNNWMLqc+q17KhWLxa0eJ9SP8ECwkBGsjeShk+u7cq9YcmyngspuDTo2qrpurWqIW0GntXOIbGeGElig0Su+d/sxSSMqNOFYqQ5yEu1nWGpGOJ0UuqmiCSYjPKAdQwWOqPKz2bETeGSUPgxjaUpoOFO/T2Q4UmocBaYzwnqofntT8S+vk+qw6mdMJKmmgswXhSmHOobTz2GfSUo0HxuCiWTmVkiGWGKiTT4FE8LXp/B/0izbyER0c1aqXyziyIMDcAiOAQIVUAdXoAE8QAADD+AJPFvCerRerNd5a85azOyDH7DePgErrI5F</latexit><latexit sha1_base64="5q56X41XTh2sYQp6MzIseI5VdPE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4GifVse2u6MaVVHDaQjuWTJppQzOZIckIZeg3uHGhiFs/yJ1/Y/oQVPTAhcM593LvPUHCmdKO82HllpZXVtfy64WNza3tneLuXlPFqSTUIzGPZTvAinImqKeZ5rSdSIqjgNNWMLqc+q17KhWLxa0eJ9SP8ECwkBGsjeShk+u7cq9YcmyngspuDTo2qrpurWqIW0GntXOIbGeGElig0Su+d/sxSSMqNOFYqQ5yEu1nWGpGOJ0UuqmiCSYjPKAdQwWOqPKz2bETeGSUPgxjaUpoOFO/T2Q4UmocBaYzwnqofntT8S+vk+qw6mdMJKmmgswXhSmHOobTz2GfSUo0HxuCiWTmVkiGWGKiTT4FE8LXp/B/0izbyER0c1aqXyziyIMDcAiOAQIVUAdXoAE8QAADD+AJPFvCerRerNd5a85azOyDH7DePgErrI5F</latexit><latexit sha1_base64="5q56X41XTh2sYQp6MzIseI5VdPE=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4GifVse2u6MaVVHDaQjuWTJppQzOZIckIZeg3uHGhiFs/yJ1/Y/oQVPTAhcM593LvPUHCmdKO82HllpZXVtfy64WNza3tneLuXlPFqSTUIzGPZTvAinImqKeZ5rSdSIqjgNNWMLqc+q17KhWLxa0eJ9SP8ECwkBGsjeShk+u7cq9YcmyngspuDTo2qrpurWqIW0GntXOIbGeGElig0Su+d/sxSSMqNOFYqQ5yEu1nWGpGOJ0UuqmiCSYjPKAdQwWOqPKz2bETeGSUPgxjaUpoOFO/T2Q4UmocBaYzwnqofntT8S+vk+qw6mdMJKmmgswXhSmHOobTz2GfSUo0HxuCiWTmVkiGWGKiTT4FE8LXp/B/0izbyER0c1aqXyziyIMDcAiOAQIVUAdXoAE8QAADD+AJPFvCerRerNd5a85azOyDH7DePgErrI5F</latexit>

Now we have two cycles
)

<latexit sha1_base64="6h9C3uyFf8q+1xyIRMXwDsQ4MKU=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlKNbXdFNy6r2AekoUymk3boJBNmbpRS+hluXCji1q9x5984fQgqeuDC4Zx7ufeeMBVcg+N8WEvLK6tr67mN/ObW9s5uYW+/qWWmKGtQKaRqh0QzwRPWAA6CtVPFSBwK1gqHl1O/dceU5jK5hVHKgpj0Ex5xSsBIfueG9wdAlJL33ULRsZ2yW/Kq2LHdiudVK4Z4Zfe0eo5d25mhiBaodwvvnZ6kWcwSoIJo7btOCsGYKOBUsEm+k2mWEjokfeYbmpCY6WA8O3mCj43Sw5FUphLAM/X7xJjEWo/i0HTGBAb6tzcV//L8DKJKMOZJmgFL6HxRlAkMEk//xz2uGAUxMoRQxc2tmA6IIhRMSnkTwten+H/SLNmuiej6rFi7WMSRQ4foCJ0gF5VRDV2hOmogiiR6QE/o2QLr0XqxXuetS9Zi5gD9gPX2CRRxkcg=</latexit><latexit sha1_base64="6h9C3uyFf8q+1xyIRMXwDsQ4MKU=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlKNbXdFNy6r2AekoUymk3boJBNmbpRS+hluXCji1q9x5984fQgqeuDC4Zx7ufeeMBVcg+N8WEvLK6tr67mN/ObW9s5uYW+/qWWmKGtQKaRqh0QzwRPWAA6CtVPFSBwK1gqHl1O/dceU5jK5hVHKgpj0Ex5xSsBIfueG9wdAlJL33ULRsZ2yW/Kq2LHdiudVK4Z4Zfe0eo5d25mhiBaodwvvnZ6kWcwSoIJo7btOCsGYKOBUsEm+k2mWEjokfeYbmpCY6WA8O3mCj43Sw5FUphLAM/X7xJjEWo/i0HTGBAb6tzcV//L8DKJKMOZJmgFL6HxRlAkMEk//xz2uGAUxMoRQxc2tmA6IIhRMSnkTwten+H/SLNmuiej6rFi7WMSRQ4foCJ0gF5VRDV2hOmogiiR6QE/o2QLr0XqxXuetS9Zi5gD9gPX2CRRxkcg=</latexit><latexit sha1_base64="6h9C3uyFf8q+1xyIRMXwDsQ4MKU=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlKNbXdFNy6r2AekoUymk3boJBNmbpRS+hluXCji1q9x5984fQgqeuDC4Zx7ufeeMBVcg+N8WEvLK6tr67mN/ObW9s5uYW+/qWWmKGtQKaRqh0QzwRPWAA6CtVPFSBwK1gqHl1O/dceU5jK5hVHKgpj0Ex5xSsBIfueG9wdAlJL33ULRsZ2yW/Kq2LHdiudVK4Z4Zfe0eo5d25mhiBaodwvvnZ6kWcwSoIJo7btOCsGYKOBUsEm+k2mWEjokfeYbmpCY6WA8O3mCj43Sw5FUphLAM/X7xJjEWo/i0HTGBAb6tzcV//L8DKJKMOZJmgFL6HxRlAkMEk//xz2uGAUxMoRQxc2tmA6IIhRMSnkTwten+H/SLNmuiej6rFi7WMSRQ4foCJ0gF5VRDV2hOmogiiR6QE/o2QLr0XqxXuetS9Zi5gD9gPX2CRRxkcg=</latexit><latexit sha1_base64="6h9C3uyFf8q+1xyIRMXwDsQ4MKU=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlKNbXdFNy6r2AekoUymk3boJBNmbpRS+hluXCji1q9x5984fQgqeuDC4Zx7ufeeMBVcg+N8WEvLK6tr67mN/ObW9s5uYW+/qWWmKGtQKaRqh0QzwRPWAA6CtVPFSBwK1gqHl1O/dceU5jK5hVHKgpj0Ex5xSsBIfueG9wdAlJL33ULRsZ2yW/Kq2LHdiudVK4Z4Zfe0eo5d25mhiBaodwvvnZ6kWcwSoIJo7btOCsGYKOBUsEm+k2mWEjokfeYbmpCY6WA8O3mCj43Sw5FUphLAM/X7xJjEWo/i0HTGBAb6tzcV//L8DKJKMOZJmgFL6HxRlAkMEk//xz2uGAUxMoRQxc2tmA6IIhRMSnkTwten+H/SLNmuiej6rFi7WMSRQ4foCJ0gF5VRDV2hOmogiiR6QE/o2QLr0XqxXuetS9Zi5gD9gPX2CRRxkcg=</latexit> two cuts
�1

<latexit sha1_base64="PSWnTxNJRuf+muLT73OM24Mm2II=">AAAB73icdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxgq2FdinZNNuGJrtrkhVK6Z/w4kERr/4db/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH/QNnGqGW+xWMa6E1DDpYh4yworeSfRnKpA8ttgfJn5t/dcGxFHN3aScF/RYSRCwah1Uqc3pErRPukXS7iMMSaEoIyQ6jl2pF6vVUgNkcxyKMESzX7xvTeIWap4ZJmkxnQJTqw/pdoKJvms0EsNTygb0yHvOhpRxY0/nd87QydOGaAw1q4ii+bq94kpVcZMVOA6FbUj89vLxL+8bmrDmj8VUZJaHrHFojCVyMYoex4NhObMyokjlGnhbkVsRDVl1kVUcCF8fYr+J+1KmeAyuT4rNS6WceThCI7hFAhUoQFX0IQWMJDwAE/w7N15j96L97pozXnLmUP4Ae/tE/0rj+8=</latexit><latexit sha1_base64="PSWnTxNJRuf+muLT73OM24Mm2II=">AAAB73icdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxgq2FdinZNNuGJrtrkhVK6Z/w4kERr/4db/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH/QNnGqGW+xWMa6E1DDpYh4yworeSfRnKpA8ttgfJn5t/dcGxFHN3aScF/RYSRCwah1Uqc3pErRPukXS7iMMSaEoIyQ6jl2pF6vVUgNkcxyKMESzX7xvTeIWap4ZJmkxnQJTqw/pdoKJvms0EsNTygb0yHvOhpRxY0/nd87QydOGaAw1q4ii+bq94kpVcZMVOA6FbUj89vLxL+8bmrDmj8VUZJaHrHFojCVyMYoex4NhObMyokjlGnhbkVsRDVl1kVUcCF8fYr+J+1KmeAyuT4rNS6WceThCI7hFAhUoQFX0IQWMJDwAE/w7N15j96L97pozXnLmUP4Ae/tE/0rj+8=</latexit><latexit sha1_base64="PSWnTxNJRuf+muLT73OM24Mm2II=">AAAB73icdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxgq2FdinZNNuGJrtrkhVK6Z/w4kERr/4db/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH/QNnGqGW+xWMa6E1DDpYh4yworeSfRnKpA8ttgfJn5t/dcGxFHN3aScF/RYSRCwah1Uqc3pErRPukXS7iMMSaEoIyQ6jl2pF6vVUgNkcxyKMESzX7xvTeIWap4ZJmkxnQJTqw/pdoKJvms0EsNTygb0yHvOhpRxY0/nd87QydOGaAw1q4ii+bq94kpVcZMVOA6FbUj89vLxL+8bmrDmj8VUZJaHrHFojCVyMYoex4NhObMyokjlGnhbkVsRDVl1kVUcCF8fYr+J+1KmeAyuT4rNS6WceThCI7hFAhUoQFX0IQWMJDwAE/w7N15j96L97pozXnLmUP4Ae/tE/0rj+8=</latexit><latexit sha1_base64="PSWnTxNJRuf+muLT73OM24Mm2II=">AAAB73icdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxgq2FdinZNNuGJrtrkhVK6Z/w4kERr/4db/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH/QNnGqGW+xWMa6E1DDpYh4yworeSfRnKpA8ttgfJn5t/dcGxFHN3aScF/RYSRCwah1Uqc3pErRPukXS7iMMSaEoIyQ6jl2pF6vVUgNkcxyKMESzX7xvTeIWap4ZJmkxnQJTqw/pdoKJvms0EsNTygb0yHvOhpRxY0/nd87QydOGaAw1q4ii+bq94kpVcZMVOA6FbUj89vLxL+8bmrDmj8VUZJaHrHFojCVyMYoex4NhObMyokjlGnhbkVsRDVl1kVUcCF8fYr+J+1KmeAyuT4rNS6WceThCI7hFAhUoQFX0IQWMJDwAE/w7N15j96L97pozXnLmUP4Ae/tE/0rj+8=</latexit>

�2
<latexit sha1_base64="79osnt5C8W3+1Z9uDHvKnwiMl3U=">AAAB73icdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunFZwT6gHUomTdvQJDMmGaEM/Qk3LhRx6++482/MtBVU9MCFwzn3cu89UcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwpeNUEdokMY9VJ8KaciZp0zDDaSdRFIuI03Y0ucr99j1VmsXy1kwTGgo8kmzICDZW6vRGWAjc9/ulMnIvahU/qEDkIlT1fC8nfjU4D6BnlRxlsESjX3rvDWKSCioN4VjrrocSE2ZYGUY4nRV7qaYJJhM8ol1LJRZUh9n83hk8tcoADmNlSxo4V79PZFhoPRWR7RTYjPVvLxf/8rqpGdbCjMkkNVSSxaJhyqGJYf48HDBFieFTSzBRzN4KyRgrTIyNqGhD+PoU/k9avush17sJyvXLZRwFcAxOwBnwQBXUwTVogCYggIMH8ASenTvn0XlxXhetK85y5gj8gPP2CRHXj/w=</latexit><latexit sha1_base64="79osnt5C8W3+1Z9uDHvKnwiMl3U=">AAAB73icdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunFZwT6gHUomTdvQJDMmGaEM/Qk3LhRx6++482/MtBVU9MCFwzn3cu89UcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwpeNUEdokMY9VJ8KaciZp0zDDaSdRFIuI03Y0ucr99j1VmsXy1kwTGgo8kmzICDZW6vRGWAjc9/ulMnIvahU/qEDkIlT1fC8nfjU4D6BnlRxlsESjX3rvDWKSCioN4VjrrocSE2ZYGUY4nRV7qaYJJhM8ol1LJRZUh9n83hk8tcoADmNlSxo4V79PZFhoPRWR7RTYjPVvLxf/8rqpGdbCjMkkNVSSxaJhyqGJYf48HDBFieFTSzBRzN4KyRgrTIyNqGhD+PoU/k9avush17sJyvXLZRwFcAxOwBnwQBXUwTVogCYggIMH8ASenTvn0XlxXhetK85y5gj8gPP2CRHXj/w=</latexit><latexit sha1_base64="79osnt5C8W3+1Z9uDHvKnwiMl3U=">AAAB73icdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunFZwT6gHUomTdvQJDMmGaEM/Qk3LhRx6++482/MtBVU9MCFwzn3cu89UcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwpeNUEdokMY9VJ8KaciZp0zDDaSdRFIuI03Y0ucr99j1VmsXy1kwTGgo8kmzICDZW6vRGWAjc9/ulMnIvahU/qEDkIlT1fC8nfjU4D6BnlRxlsESjX3rvDWKSCioN4VjrrocSE2ZYGUY4nRV7qaYJJhM8ol1LJRZUh9n83hk8tcoADmNlSxo4V79PZFhoPRWR7RTYjPVvLxf/8rqpGdbCjMkkNVSSxaJhyqGJYf48HDBFieFTSzBRzN4KyRgrTIyNqGhD+PoU/k9avush17sJyvXLZRwFcAxOwBnwQBXUwTVogCYggIMH8ASenTvn0XlxXhetK85y5gj8gPP2CRHXj/w=</latexit><latexit sha1_base64="79osnt5C8W3+1Z9uDHvKnwiMl3U=">AAAB73icdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunFZwT6gHUomTdvQJDMmGaEM/Qk3LhRx6++482/MtBVU9MCFwzn3cu89UcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwpeNUEdokMY9VJ8KaciZp0zDDaSdRFIuI03Y0ucr99j1VmsXy1kwTGgo8kmzICDZW6vRGWAjc9/ulMnIvahU/qEDkIlT1fC8nfjU4D6BnlRxlsESjX3rvDWKSCioN4VjrrocSE2ZYGUY4nRV7qaYJJhM8ol1LJRZUh9n83hk8tcoADmNlSxo4V79PZFhoPRWR7RTYjPVvLxf/8rqpGdbCjMkkNVSSxaJhyqGJYf48HDBFieFTSzBRzN4KyRgrTIyNqGhD+PoU/k9avush17sJyvXLZRwFcAxOwBnwQBXUwTVogCYggIMH8ASenTvn0XlxXhetK85y5gj8gPP2CRHXj/w=</latexit>

�4(l1 �
X

j

P�1(j))
<latexit sha1_base64="IH5dG5+zmib7Y5wVcN4c2RdqYDw="></latexit><latexit sha1_base64="IH5dG5+zmib7Y5wVcN4c2RdqYDw="></latexit><latexit sha1_base64="IH5dG5+zmib7Y5wVcN4c2RdqYDw="></latexit><latexit sha1_base64="IH5dG5+zmib7Y5wVcN4c2RdqYDw="></latexit>

�4(l2 �
X

j

P�2(j))
<latexit sha1_base64="lPLe42ghe7AdZeXF7/HWmwvXpdE="></latexit><latexit sha1_base64="lPLe42ghe7AdZeXF7/HWmwvXpdE="></latexit><latexit sha1_base64="lPLe42ghe7AdZeXF7/HWmwvXpdE="></latexit><latexit sha1_base64="lPLe42ghe7AdZeXF7/HWmwvXpdE="></latexit>

A(l1, l2) =
X

g2SL(2,Z)
A�1 �1((l1, l2) · g)

<latexit sha1_base64="A6WGPL40IbTrNc+Hfnx5K+Ju6ZQ="></latexit><latexit sha1_base64="A6WGPL40IbTrNc+Hfnx5K+Ju6ZQ="></latexit><latexit sha1_base64="A6WGPL40IbTrNc+Hfnx5K+Ju6ZQ="></latexit><latexit sha1_base64="A6WGPL40IbTrNc+Hfnx5K+Ju6ZQ="></latexit>

Z
d4l1 d

4l2 =

Z

orientation

d5M ⇥
Z

size

d1�⇥
Z

modular

d2⌧

<latexit sha1_base64="hw16yGphlNVrYSNtaH9dQOOfSh4="></latexit><latexit sha1_base64="hw16yGphlNVrYSNtaH9dQOOfSh4="></latexit><latexit sha1_base64="hw16yGphlNVrYSNtaH9dQOOfSh4="></latexit><latexit sha1_base64="hw16yGphlNVrYSNtaH9dQOOfSh4="></latexit>



Planar amplitude - Wilson loop duality

In the past 10y — huge progress in the study of planar amplitudes

How does this strange duality come about?

Important tools

T-duality in string theory 

In perturbation theory - toy example 

An
planar = h iAMHVtree

n ⇥

k1 k2 k1 k2

Wn
planar

[Alday, Maldacena], [Brandhuber, Heslop, Travaglini], [Drummond, Henn, Korchemsky, Sokatchev], [Beisert, Ricci, Tseytlin, Wolf]

Generated by a strange looking duality

Dual conformal symmetry (     Yangian) 
All loops integrand 
Non-perturbative operator product expansion

)
<latexit sha1_base64="6h9C3uyFf8q+1xyIRMXwDsQ4MKU=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlKNbXdFNy6r2AekoUymk3boJBNmbpRS+hluXCji1q9x5984fQgqeuDC4Zx7ufeeMBVcg+N8WEvLK6tr67mN/ObW9s5uYW+/qWWmKGtQKaRqh0QzwRPWAA6CtVPFSBwK1gqHl1O/dceU5jK5hVHKgpj0Ex5xSsBIfueG9wdAlJL33ULRsZ2yW/Kq2LHdiudVK4Z4Zfe0eo5d25mhiBaodwvvnZ6kWcwSoIJo7btOCsGYKOBUsEm+k2mWEjokfeYbmpCY6WA8O3mCj43Sw5FUphLAM/X7xJjEWo/i0HTGBAb6tzcV//L8DKJKMOZJmgFL6HxRlAkMEk//xz2uGAUxMoRQxc2tmA6IIhRMSnkTwten+H/SLNmuiej6rFi7WMSRQ4foCJ0gF5VRDV2hOmogiiR6QE/o2QLr0XqxXuetS9Zi5gD9gPX2CRRxkcg=</latexit><latexit sha1_base64="6h9C3uyFf8q+1xyIRMXwDsQ4MKU=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlKNbXdFNy6r2AekoUymk3boJBNmbpRS+hluXCji1q9x5984fQgqeuDC4Zx7ufeeMBVcg+N8WEvLK6tr67mN/ObW9s5uYW+/qWWmKGtQKaRqh0QzwRPWAA6CtVPFSBwK1gqHl1O/dceU5jK5hVHKgpj0Ex5xSsBIfueG9wdAlJL33ULRsZ2yW/Kq2LHdiudVK4Z4Zfe0eo5d25mhiBaodwvvnZ6kWcwSoIJo7btOCsGYKOBUsEm+k2mWEjokfeYbmpCY6WA8O3mCj43Sw5FUphLAM/X7xJjEWo/i0HTGBAb6tzcV//L8DKJKMOZJmgFL6HxRlAkMEk//xz2uGAUxMoRQxc2tmA6IIhRMSnkTwten+H/SLNmuiej6rFi7WMSRQ4foCJ0gF5VRDV2hOmogiiR6QE/o2QLr0XqxXuetS9Zi5gD9gPX2CRRxkcg=</latexit><latexit sha1_base64="6h9C3uyFf8q+1xyIRMXwDsQ4MKU=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlKNbXdFNy6r2AekoUymk3boJBNmbpRS+hluXCji1q9x5984fQgqeuDC4Zx7ufeeMBVcg+N8WEvLK6tr67mN/ObW9s5uYW+/qWWmKGtQKaRqh0QzwRPWAA6CtVPFSBwK1gqHl1O/dceU5jK5hVHKgpj0Ex5xSsBIfueG9wdAlJL33ULRsZ2yW/Kq2LHdiudVK4Z4Zfe0eo5d25mhiBaodwvvnZ6kWcwSoIJo7btOCsGYKOBUsEm+k2mWEjokfeYbmpCY6WA8O3mCj43Sw5FUphLAM/X7xJjEWo/i0HTGBAb6tzcV//L8DKJKMOZJmgFL6HxRlAkMEk//xz2uGAUxMoRQxc2tmA6IIhRMSnkTwten+H/SLNmuiej6rFi7WMSRQ4foCJ0gF5VRDV2hOmogiiR6QE/o2QLr0XqxXuetS9Zi5gD9gPX2CRRxkcg=</latexit><latexit sha1_base64="6h9C3uyFf8q+1xyIRMXwDsQ4MKU=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlKNbXdFNy6r2AekoUymk3boJBNmbpRS+hluXCji1q9x5984fQgqeuDC4Zx7ufeeMBVcg+N8WEvLK6tr67mN/ObW9s5uYW+/qWWmKGtQKaRqh0QzwRPWAA6CtVPFSBwK1gqHl1O/dceU5jK5hVHKgpj0Ex5xSsBIfueG9wdAlJL33ULRsZ2yW/Kq2LHdiudVK4Z4Zfe0eo5d25mhiBaodwvvnZ6kWcwSoIJo7btOCsGYKOBUsEm+k2mWEjokfeYbmpCY6WA8O3mCj43Sw5FUphLAM/X7xJjEWo/i0HTGBAb6tzcV//L8DKJKMOZJmgFL6HxRlAkMEk//xz2uGAUxMoRQxc2tmA6IIhRMSnkTwten+H/SLNmuiej6rFi7WMSRQ4foCJ0gF5VRDV2hOmogiiR6QE/o2QLr0XqxXuetS9Zi5gD9gPX2CRRxkcg=</latexit>

Non-planar}
<latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit>
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Toy example - the fishnet model
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Planar limit                                 fixed
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Planar amplitudes are fully accounted for by a single diagram
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Planar amplitude - Wilson loop duality in the fishnet model
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Double trace amplitude in the fishnet model

Cylinder cut of the 1-loop amplitude
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<latexit sha1_base64="iR+qAF2Hj9H8E/BHBQzwz7ORs+k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD5V42U</latexit><latexit sha1_base64="iR+qAF2Hj9H8E/BHBQzwz7ORs+k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD5V42U</latexit><latexit sha1_base64="iR+qAF2Hj9H8E/BHBQzwz7ORs+k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD5V42U</latexit><latexit sha1_base64="iR+qAF2Hj9H8E/BHBQzwz7ORs+k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD5V42U</latexit>

k3
<latexit sha1_base64="Bj1Pi2bfBzBB3jqIxib2cdg4GF8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3H/sl+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD6242V</latexit><latexit sha1_base64="Bj1Pi2bfBzBB3jqIxib2cdg4GF8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3H/sl+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD6242V</latexit><latexit sha1_base64="Bj1Pi2bfBzBB3jqIxib2cdg4GF8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3H/sl+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD6242V</latexit><latexit sha1_base64="Bj1Pi2bfBzBB3jqIxib2cdg4GF8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3H/sl+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD6242V</latexit>

k4
<latexit sha1_base64="icqTeYoSAblNRFSrtULdh0e7cpo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmlfVT236t3XKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD8X42W</latexit><latexit sha1_base64="icqTeYoSAblNRFSrtULdh0e7cpo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmlfVT236t3XKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD8X42W</latexit><latexit sha1_base64="icqTeYoSAblNRFSrtULdh0e7cpo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmlfVT236t3XKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD8X42W</latexit><latexit sha1_base64="icqTeYoSAblNRFSrtULdh0e7cpo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmlfVT236t3XKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD8X42W</latexit>

k1
<latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit><latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit><latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit><latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit>

k2
<latexit sha1_base64="iR+qAF2Hj9H8E/BHBQzwz7ORs+k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD5V42U</latexit><latexit sha1_base64="iR+qAF2Hj9H8E/BHBQzwz7ORs+k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD5V42U</latexit><latexit sha1_base64="iR+qAF2Hj9H8E/BHBQzwz7ORs+k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD5V42U</latexit><latexit sha1_base64="iR+qAF2Hj9H8E/BHBQzwz7ORs+k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD5V42U</latexit>

k4
<latexit sha1_base64="icqTeYoSAblNRFSrtULdh0e7cpo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmlfVT236t3XKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD8X42W</latexit><latexit sha1_base64="icqTeYoSAblNRFSrtULdh0e7cpo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmlfVT236t3XKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD8X42W</latexit><latexit sha1_base64="icqTeYoSAblNRFSrtULdh0e7cpo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmlfVT236t3XKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD8X42W</latexit><latexit sha1_base64="icqTeYoSAblNRFSrtULdh0e7cpo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmlfVT236t3XKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD8X42W</latexit>

Cylinder cut of the 1-loop amplitude

We now try to do as as in the planar case

x[+]
1 = x1 + q

x[+]
1 � x2 = k1

Universal cover

ẋ2 � ẋ1 = k4 ẋ[�]
1 � ẋ2 = k3Similarly

q = k1 + k2

but now

total momentum through the cylinder 

x1 � x2 = �k2 = k1 � q 6= k1

x2x1

x2 � x1 = k2

x1
<latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit><latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit><latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit><latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit>

x2
<latexit sha1_base64="sU5hbPAK+kK9DlSNNuLNHNxer84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gANNI2h</latexit><latexit sha1_base64="sU5hbPAK+kK9DlSNNuLNHNxer84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gANNI2h</latexit><latexit sha1_base64="sU5hbPAK+kK9DlSNNuLNHNxer84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gANNI2h</latexit><latexit sha1_base64="sU5hbPAK+kK9DlSNNuLNHNxer84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gANNI2h</latexit>

x[+]
1

<latexit sha1_base64="DehMSJQMmEWxpHt4nPJrvQeR3+I=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRZBEMquFPRY9OKxgv2Q7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD0fXUbz9SpVks78w4oYHAA8kiRrCx0v1Tz3vI/LNg0itX3Ko7A1omXk4qkKPRK391+zFJBZWGcKy177mJCTKsDCOcTkrdVNMEkxEeUN9SiQXVQTY7eIJOrNJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/np+a6DLImExSQyWZL4pSjkyMpt+jPlOUGD62BBPF7K2IDLHCxNiMSjYEb/HlZdI6r3pu1butVepXeRxFOIJjOAUPLqAON9CAJhAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwBTlJAV</latexit><latexit sha1_base64="DehMSJQMmEWxpHt4nPJrvQeR3+I=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRZBEMquFPRY9OKxgv2Q7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD0fXUbz9SpVks78w4oYHAA8kiRrCx0v1Tz3vI/LNg0itX3Ko7A1omXk4qkKPRK391+zFJBZWGcKy177mJCTKsDCOcTkrdVNMEkxEeUN9SiQXVQTY7eIJOrNJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/np+a6DLImExSQyWZL4pSjkyMpt+jPlOUGD62BBPF7K2IDLHCxNiMSjYEb/HlZdI6r3pu1butVepXeRxFOIJjOAUPLqAON9CAJhAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwBTlJAV</latexit><latexit sha1_base64="DehMSJQMmEWxpHt4nPJrvQeR3+I=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRZBEMquFPRY9OKxgv2Q7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD0fXUbz9SpVks78w4oYHAA8kiRrCx0v1Tz3vI/LNg0itX3Ko7A1omXk4qkKPRK391+zFJBZWGcKy177mJCTKsDCOcTkrdVNMEkxEeUN9SiQXVQTY7eIJOrNJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/np+a6DLImExSQyWZL4pSjkyMpt+jPlOUGD62BBPF7K2IDLHCxNiMSjYEb/HlZdI6r3pu1butVepXeRxFOIJjOAUPLqAON9CAJhAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwBTlJAV</latexit><latexit sha1_base64="DehMSJQMmEWxpHt4nPJrvQeR3+I=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRZBEMquFPRY9OKxgv2Q7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD0fXUbz9SpVks78w4oYHAA8kiRrCx0v1Tz3vI/LNg0itX3Ko7A1omXk4qkKPRK391+zFJBZWGcKy177mJCTKsDCOcTkrdVNMEkxEeUN9SiQXVQTY7eIJOrNJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/np+a6DLImExSQyWZL4pSjkyMpt+jPlOUGD62BBPF7K2IDLHCxNiMSjYEb/HlZdI6r3pu1butVepXeRxFOIJjOAUPLqAON9CAJhAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwBTlJAV</latexit>

ẋ1
<latexit sha1_base64="pBJD4kZh5nBMOXKGYduw6MVgfGo=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuayUyTO2IZ+hNuXCji1t9x59+YtrPQ1gOBwzn3kHtPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9ci1EbF6wEnC/YgOlAgFo2ildrcfI3nqeb1yxa26c5BV4uWkAjnqvfKXjbI04gqZpMZ0PDdBP6MaBZN8WuqmhieUjeiAdyxVNOLGz+b7TsmZVfokjLV9Cslc/Z3IaGTMJArsZERxaJa9mfif10kxvPYzoZIUuWKLj8JUEozJ7HjSF5ozlBNLKNPC7krYkGrK0FZUsiV4yyevkuZF1XOr3v1lpXaT11GEEziFc/DgCmpwB3VoAAMJz/AKb87YeXHenY/FaMHJM8fwB87nD3k8j5U=</latexit><latexit sha1_base64="pBJD4kZh5nBMOXKGYduw6MVgfGo=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuayUyTO2IZ+hNuXCji1t9x59+YtrPQ1gOBwzn3kHtPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9ci1EbF6wEnC/YgOlAgFo2ildrcfI3nqeb1yxa26c5BV4uWkAjnqvfKXjbI04gqZpMZ0PDdBP6MaBZN8WuqmhieUjeiAdyxVNOLGz+b7TsmZVfokjLV9Cslc/Z3IaGTMJArsZERxaJa9mfif10kxvPYzoZIUuWKLj8JUEozJ7HjSF5ozlBNLKNPC7krYkGrK0FZUsiV4yyevkuZF1XOr3v1lpXaT11GEEziFc/DgCmpwB3VoAAMJz/AKb87YeXHenY/FaMHJM8fwB87nD3k8j5U=</latexit><latexit sha1_base64="pBJD4kZh5nBMOXKGYduw6MVgfGo=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuayUyTO2IZ+hNuXCji1t9x59+YtrPQ1gOBwzn3kHtPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9ci1EbF6wEnC/YgOlAgFo2ildrcfI3nqeb1yxa26c5BV4uWkAjnqvfKXjbI04gqZpMZ0PDdBP6MaBZN8WuqmhieUjeiAdyxVNOLGz+b7TsmZVfokjLV9Cslc/Z3IaGTMJArsZERxaJa9mfif10kxvPYzoZIUuWKLj8JUEozJ7HjSF5ozlBNLKNPC7krYkGrK0FZUsiV4yyevkuZF1XOr3v1lpXaT11GEEziFc/DgCmpwB3VoAAMJz/AKb87YeXHenY/FaMHJM8fwB87nD3k8j5U=</latexit><latexit sha1_base64="pBJD4kZh5nBMOXKGYduw6MVgfGo=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuayUyTO2IZ+hNuXCji1t9x59+YtrPQ1gOBwzn3kHtPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9ci1EbF6wEnC/YgOlAgFo2ildrcfI3nqeb1yxa26c5BV4uWkAjnqvfKXjbI04gqZpMZ0PDdBP6MaBZN8WuqmhieUjeiAdyxVNOLGz+b7TsmZVfokjLV9Cslc/Z3IaGTMJArsZERxaJa9mfif10kxvPYzoZIUuWKLj8JUEozJ7HjSF5ozlBNLKNPC7krYkGrK0FZUsiV4yyevkuZF1XOr3v1lpXaT11GEEziFc/DgCmpwB3VoAAMJz/AKb87YeXHenY/FaMHJM8fwB87nD3k8j5U=</latexit>

ẋ2
<latexit sha1_base64="YSsP8wPUCkJgpnfqF3KXPr1cYQ4=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy4r2Ae0Q8mkmTY0kxmTO2IZ+hNuXCji1t9x59+YtrPQ1gOBwzn3kHtPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2ilTm8QI3nq1/rlilt15yCrxMtJBXI0+uUvG2VpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn833nZIzqwxIGGv7FJK5+juR0ciYSRTYyYjiyCx7M/E/r5tieOVnQiUpcsUWH4WpJBiT2fFkIDRnKCeWUKaF3ZWwEdWUoa2oZEvwlk9eJa1a1XOr3t1FpX6d11GEEziFc/DgEupwCw1oAgMJz/AKb86D8+K8Ox+L0YKTZ47hD5zPH3rAj5Y=</latexit><latexit sha1_base64="YSsP8wPUCkJgpnfqF3KXPr1cYQ4=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy4r2Ae0Q8mkmTY0kxmTO2IZ+hNuXCji1t9x59+YtrPQ1gOBwzn3kHtPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2ilTm8QI3nq1/rlilt15yCrxMtJBXI0+uUvG2VpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn833nZIzqwxIGGv7FJK5+juR0ciYSRTYyYjiyCx7M/E/r5tieOVnQiUpcsUWH4WpJBiT2fFkIDRnKCeWUKaF3ZWwEdWUoa2oZEvwlk9eJa1a1XOr3t1FpX6d11GEEziFc/DgEupwCw1oAgMJz/AKb86D8+K8Ox+L0YKTZ47hD5zPH3rAj5Y=</latexit><latexit sha1_base64="YSsP8wPUCkJgpnfqF3KXPr1cYQ4=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy4r2Ae0Q8mkmTY0kxmTO2IZ+hNuXCji1t9x59+YtrPQ1gOBwzn3kHtPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2ilTm8QI3nq1/rlilt15yCrxMtJBXI0+uUvG2VpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn833nZIzqwxIGGv7FJK5+juR0ciYSRTYyYjiyCx7M/E/r5tieOVnQiUpcsUWH4WpJBiT2fFkIDRnKCeWUKaF3ZWwEdWUoa2oZEvwlk9eJa1a1XOr3t1FpX6d11GEEziFc/DgEupwCw1oAgMJz/AKb86D8+K8Ox+L0YKTZ47hD5zPH3rAj5Y=</latexit><latexit sha1_base64="YSsP8wPUCkJgpnfqF3KXPr1cYQ4=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy4r2Ae0Q8mkmTY0kxmTO2IZ+hNuXCji1t9x59+YtrPQ1gOBwzn3kHtPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2ilTm8QI3nq1/rlilt15yCrxMtJBXI0+uUvG2VpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn833nZIzqwxIGGv7FJK5+juR0ciYSRTYyYjiyCx7M/E/r5tieOVnQiUpcsUWH4WpJBiT2fFkIDRnKCeWUKaF3ZWwEdWUoa2oZEvwlk9eJa1a1XOr3t1FpX6d11GEEziFc/DgEupwCw1oAgMJz/AKb86D8+K8Ox+L0YKTZ47hD5zPH3rAj5Y=</latexit>

ẋ[�]
1
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Double trace amplitude in the fishnet model
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Double trace in the fishnet model - Wilson loop dual

Two images of the 
same propagator
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Double trace in the fishnet model - higher loops

Cylinder cut of 2 loop amplitude

x2 ẋ2y2

Two images of the 
same propagator



Full N=4 SYM cylindrical duality

SUSY charge going through the cylinder

N=4 SYM multiplet

Cusp supercoordinate

[Caron-Huot]



Explicate perturbative check

[Bern,Dixon,Dunbar,Kosower], [Feng,Jia,Huang]



Explicate perturbative check



Explicate perturbative check
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OPE for Wilson loops OPE for correlation functions
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The pentagon operator product expansion

Known at finite coupling from 
integrability (factorization)



Pentagon operator product expansion

Periodicity is natural in the POPE —  

glue periodically by summing over a complete basis of GKP states



Gauged dual super conformal symmetry
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CA
left line right line

Trivialize momentum conservation and supersymmetry 

Transform linearly under the dual superconformal transformations

Twistors

Z ! eZ = K · Z
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conformal transformation
Variables

shift by (q,Q)

Transformation of variables
P ! eP = K · P · K�1 ) Z [a] ! eZ [a] = K · Z [a] = ePa · eZ
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twisted periodicityThe anomaly is the same

[Drummond,Henn,Korchemsky,Sokatchev]
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1

2
�cusp(g)�µ

0

@
nX

i=1

xµ
i,i+1 log

x2
i,i+2

x2
i�1,i+1

+
mX

j=1

ẋµ
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Cylinder integrand

Cylinder integrand is dual conformal invariant (no anomaly)
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<latexit sha1_base64="4APiXRa0SIjBm+vxBc1Yl85YBP0=">AAACGnicbVBNS8MwGE79nPOr6tFLcAgTZLQiKAxh6MXDDhPcB6yjpFm6haVpSVKhlP4OL/4VLx4U8SZe/DemWw+6+UDgeZ/nfZO8jxcxKpVlfRtLyyura+uljfLm1vbOrrm335FhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN7nJ/e4DEZKG/F4lERkEaMSpTzFSWnJNO3UwYrCbuSk/5fVmVnXSiZO5vO6kzjBUMC+COtNlolnz5Mo1K1bNmgIuErsgFVCg5Zqf+iIcB4QrzJCUfduK1CBFQlHMSFZ2YkkihCdoRPqachQQOUinq2XwWCtD6IdCH67gVP09kaJAyiTwdGeA1FjOe7n4n9ePlX85SCmPYkU4nj3kxwyqEOY5wSEVBCuWaIKwoPqvEI+RQFjpNMs6BHt+5UXSOavZVs2+O680ros4SuAQHIEqsMEFaIBb0AJtgMEjeAav4M14Ml6Md+Nj1rpkFDMH4A+Mrx+IlqCH</latexit><latexit sha1_base64="4APiXRa0SIjBm+vxBc1Yl85YBP0=">AAACGnicbVBNS8MwGE79nPOr6tFLcAgTZLQiKAxh6MXDDhPcB6yjpFm6haVpSVKhlP4OL/4VLx4U8SZe/DemWw+6+UDgeZ/nfZO8jxcxKpVlfRtLyyura+uljfLm1vbOrrm335FhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN7nJ/e4DEZKG/F4lERkEaMSpTzFSWnJNO3UwYrCbuSk/5fVmVnXSiZO5vO6kzjBUMC+COtNlolnz5Mo1K1bNmgIuErsgFVCg5Zqf+iIcB4QrzJCUfduK1CBFQlHMSFZ2YkkihCdoRPqachQQOUinq2XwWCtD6IdCH67gVP09kaJAyiTwdGeA1FjOe7n4n9ePlX85SCmPYkU4nj3kxwyqEOY5wSEVBCuWaIKwoPqvEI+RQFjpNMs6BHt+5UXSOavZVs2+O680ros4SuAQHIEqsMEFaIBb0AJtgMEjeAav4M14Ml6Md+Nj1rpkFDMH4A+Mrx+IlqCH</latexit><latexit sha1_base64="4APiXRa0SIjBm+vxBc1Yl85YBP0=">AAACGnicbVBNS8MwGE79nPOr6tFLcAgTZLQiKAxh6MXDDhPcB6yjpFm6haVpSVKhlP4OL/4VLx4U8SZe/DemWw+6+UDgeZ/nfZO8jxcxKpVlfRtLyyura+uljfLm1vbOrrm335FhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN7nJ/e4DEZKG/F4lERkEaMSpTzFSWnJNO3UwYrCbuSk/5fVmVnXSiZO5vO6kzjBUMC+COtNlolnz5Mo1K1bNmgIuErsgFVCg5Zqf+iIcB4QrzJCUfduK1CBFQlHMSFZ2YkkihCdoRPqachQQOUinq2XwWCtD6IdCH67gVP09kaJAyiTwdGeA1FjOe7n4n9ePlX85SCmPYkU4nj3kxwyqEOY5wSEVBCuWaIKwoPqvEI+RQFjpNMs6BHt+5UXSOavZVs2+O680ros4SuAQHIEqsMEFaIBb0AJtgMEjeAav4M14Ml6Md+Nj1rpkFDMH4A+Mrx+IlqCH</latexit><latexit sha1_base64="4APiXRa0SIjBm+vxBc1Yl85YBP0=">AAACGnicbVBNS8MwGE79nPOr6tFLcAgTZLQiKAxh6MXDDhPcB6yjpFm6haVpSVKhlP4OL/4VLx4U8SZe/DemWw+6+UDgeZ/nfZO8jxcxKpVlfRtLyyura+uljfLm1vbOrrm335FhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN7nJ/e4DEZKG/F4lERkEaMSpTzFSWnJNO3UwYrCbuSk/5fVmVnXSiZO5vO6kzjBUMC+COtNlolnz5Mo1K1bNmgIuErsgFVCg5Zqf+iIcB4QrzJCUfduK1CBFQlHMSFZ2YkkihCdoRPqachQQOUinq2XwWCtD6IdCH67gVP09kaJAyiTwdGeA1FjOe7n4n9ePlX85SCmPYkU4nj3kxwyqEOY5wSEVBCuWaIKwoPqvEI+RQFjpNMs6BHt+5UXSOavZVs2+O680ros4SuAQHIEqsMEFaIBb0AJtgMEjeAav4M14Ml6Md+Nj1rpkFDMH4A+Mrx+IlqCH</latexit>
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cylinder, tree
<latexit sha1_base64="PlDugaoomaoWrRqAlagYZYfQVXk="></latexit><latexit sha1_base64="PlDugaoomaoWrRqAlagYZYfQVXk="></latexit><latexit sha1_base64="PlDugaoomaoWrRqAlagYZYfQVXk="></latexit><latexit sha1_base64="PlDugaoomaoWrRqAlagYZYfQVXk="></latexit>



All loop recursion relation

Factorization poles

x̂1
<latexit sha1_base64="FX8860uiWKs4pQQPP5Pcf1Jm2Aw=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0s0l3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9ci1EbF6wEnC/YgOlAgFo2ildndIkTz1vF654lbdOcgq8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPi11U8MTykZ0wDuWKhpx42fze6fkzCp9EsbalkIyV39PZDQyZhIFtjOiODTL3kz8z+ukGF77mVBJilyxxaIwlQRjMnue9IXmDOXEEsq0sLcSNqSaMrQRlWwI3vLLq6R5UfXcqnd/Wand5HEU4QRO4Rw8uIIa3EEdGsBAwjO8wpszdl6cd+dj0Vpw8plj+APn8wdp5o+L</latexit><latexit sha1_base64="FX8860uiWKs4pQQPP5Pcf1Jm2Aw=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0s0l3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9ci1EbF6wEnC/YgOlAgFo2ildndIkTz1vF654lbdOcgq8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPi11U8MTykZ0wDuWKhpx42fze6fkzCp9EsbalkIyV39PZDQyZhIFtjOiODTL3kz8z+ukGF77mVBJilyxxaIwlQRjMnue9IXmDOXEEsq0sLcSNqSaMrQRlWwI3vLLq6R5UfXcqnd/Wand5HEU4QRO4Rw8uIIa3EEdGsBAwjO8wpszdl6cd+dj0Vpw8plj+APn8wdp5o+L</latexit><latexit sha1_base64="FX8860uiWKs4pQQPP5Pcf1Jm2Aw=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0s0l3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9ci1EbF6wEnC/YgOlAgFo2ildndIkTz1vF654lbdOcgq8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPi11U8MTykZ0wDuWKhpx42fze6fkzCp9EsbalkIyV39PZDQyZhIFtjOiODTL3kz8z+ukGF77mVBJilyxxaIwlQRjMnue9IXmDOXEEsq0sLcSNqSaMrQRlWwI3vLLq6R5UfXcqnd/Wand5HEU4QRO4Rw8uIIa3EEdGsBAwjO8wpszdl6cd+dj0Vpw8plj+APn8wdp5o+L</latexit><latexit sha1_base64="FX8860uiWKs4pQQPP5Pcf1Jm2Aw=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0s0l3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9ci1EbF6wEnC/YgOlAgFo2ildndIkTz1vF654lbdOcgq8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPi11U8MTykZ0wDuWKhpx42fze6fkzCp9EsbalkIyV39PZDQyZhIFtjOiODTL3kz8z+ukGF77mVBJilyxxaIwlQRjMnue9IXmDOXEEsq0sLcSNqSaMrQRlWwI3vLLq6R5UfXcqnd/Wand5HEU4QRO4Rw8uIIa3EEdGsBAwjO8wpszdl6cd+dj0Vpw8plj+APn8wdp5o+L</latexit>

ẋj
<latexit sha1_base64="YXbeltMiLrJED8VkeGO7A4Nr/qA=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBubyYzJHbEM/Qk3LhRx6++4829M21lo64HA4Zx7yL0nSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj66nfeuTaiFjd4TjhfkQHSoSCUbRSu9uPkTz17nvlilt1ZyDLxMtJBXLUe+UvG2VpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn832nZATq/RJGGv7FJKZ+juR0ciYcRTYyYji0Cx6U/E/r5NieOlnQiUpcsXmH4WpJBiT6fGkLzRnKMeWUKaF3ZWwIdWUoa2oZEvwFk9eJs2zqudWvdvzSu0qr6MIR3AMp+DBBdTgBurQAAYSnuEV3pwH58V5dz7mowUnzxzCHzifP8+gj84=</latexit><latexit sha1_base64="YXbeltMiLrJED8VkeGO7A4Nr/qA=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBubyYzJHbEM/Qk3LhRx6++4829M21lo64HA4Zx7yL0nSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj66nfeuTaiFjd4TjhfkQHSoSCUbRSu9uPkTz17nvlilt1ZyDLxMtJBXLUe+UvG2VpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn832nZATq/RJGGv7FJKZ+juR0ciYcRTYyYji0Cx6U/E/r5NieOlnQiUpcsXmH4WpJBiT6fGkLzRnKMeWUKaF3ZWwIdWUoa2oZEvwFk9eJs2zqudWvdvzSu0qr6MIR3AMp+DBBdTgBurQAAYSnuEV3pwH58V5dz7mowUnzxzCHzifP8+gj84=</latexit><latexit sha1_base64="YXbeltMiLrJED8VkeGO7A4Nr/qA=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBubyYzJHbEM/Qk3LhRx6++4829M21lo64HA4Zx7yL0nSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj66nfeuTaiFjd4TjhfkQHSoSCUbRSu9uPkTz17nvlilt1ZyDLxMtJBXLUe+UvG2VpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn832nZATq/RJGGv7FJKZ+juR0ciYcRTYyYji0Cx6U/E/r5NieOlnQiUpcsXmH4WpJBiT6fGkLzRnKMeWUKaF3ZWwIdWUoa2oZEvwFk9eJs2zqudWvdvzSu0qr6MIR3AMp+DBBdTgBurQAAYSnuEV3pwH58V5dz7mowUnzxzCHzifP8+gj84=</latexit><latexit sha1_base64="YXbeltMiLrJED8VkeGO7A4Nr/qA=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBubyYzJHbEM/Qk3LhRx6++4829M21lo64HA4Zx7yL0nSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj66nfeuTaiFjd4TjhfkQHSoSCUbRSu9uPkTz17nvlilt1ZyDLxMtJBXLUe+UvG2VpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn832nZATq/RJGGv7FJKZ+juR0ciYcRTYyYji0Cx6U/E/r5NieOlnQiUpcsXmH4WpJBiT6fGkLzRnKMeWUKaF3ZWwIdWUoa2oZEvwFk9eJs2zqudWvdvzSu0qr6MIR3AMp+DBBdTgBurQAAYSnuEV3pwH58V5dz7mowUnzxzCHzifP8+gj84=</latexit>

ẋ[+]
j

<latexit sha1_base64="rDcdnCRLC/xX8pKivzit57v69dY=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXiMYB6w2YTZyWwyZvbBTK8alvyHFw+KePVfvPk3TpI9aLSgoajqnukuP5FCo21/WYWl5ZXVteJ6aWNza3unvLvX1HGqGG+wWMaq7VPNpYh4AwVK3k4Up6EvecsfXU391j1XWsTRLY4T7oV0EIlAMIpG6nb6MZLH3l03c0+8Sa9csav2DOQvcXJSgRz1XvnTPMDSkEfIJNXadewEvYwqFEzySamTap5QNqID7hoa0ZBrL5ttPSFHRumTIFamIiQz9edERkOtx6FvOkOKQ73oTcX/PDfF4MLLRJSkyCM2/yhIJcGYTCMgfaE4Qzk2hDIlzK6EDamiDE1QJROCs3jyX9I8rTp21bk5q9Qu8ziKcACHcAwOnEMNrqEODWCg4Ale4NV6sJ6tN+t93lqw8pl9+AXr4xsjt5JD</latexit><latexit sha1_base64="rDcdnCRLC/xX8pKivzit57v69dY=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXiMYB6w2YTZyWwyZvbBTK8alvyHFw+KePVfvPk3TpI9aLSgoajqnukuP5FCo21/WYWl5ZXVteJ6aWNza3unvLvX1HGqGG+wWMaq7VPNpYh4AwVK3k4Up6EvecsfXU391j1XWsTRLY4T7oV0EIlAMIpG6nb6MZLH3l03c0+8Sa9csav2DOQvcXJSgRz1XvnTPMDSkEfIJNXadewEvYwqFEzySamTap5QNqID7hoa0ZBrL5ttPSFHRumTIFamIiQz9edERkOtx6FvOkOKQ73oTcX/PDfF4MLLRJSkyCM2/yhIJcGYTCMgfaE4Qzk2hDIlzK6EDamiDE1QJROCs3jyX9I8rTp21bk5q9Qu8ziKcACHcAwOnEMNrqEODWCg4Ale4NV6sJ6tN+t93lqw8pl9+AXr4xsjt5JD</latexit><latexit sha1_base64="rDcdnCRLC/xX8pKivzit57v69dY=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXiMYB6w2YTZyWwyZvbBTK8alvyHFw+KePVfvPk3TpI9aLSgoajqnukuP5FCo21/WYWl5ZXVteJ6aWNza3unvLvX1HGqGG+wWMaq7VPNpYh4AwVK3k4Up6EvecsfXU391j1XWsTRLY4T7oV0EIlAMIpG6nb6MZLH3l03c0+8Sa9csav2DOQvcXJSgRz1XvnTPMDSkEfIJNXadewEvYwqFEzySamTap5QNqID7hoa0ZBrL5ttPSFHRumTIFamIiQz9edERkOtx6FvOkOKQ73oTcX/PDfF4MLLRJSkyCM2/yhIJcGYTCMgfaE4Qzk2hDIlzK6EDamiDE1QJROCs3jyX9I8rTp21bk5q9Qu8ziKcACHcAwOnEMNrqEODWCg4Ale4NV6sJ6tN+t93lqw8pl9+AXr4xsjt5JD</latexit><latexit sha1_base64="rDcdnCRLC/xX8pKivzit57v69dY=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXiMYB6w2YTZyWwyZvbBTK8alvyHFw+KePVfvPk3TpI9aLSgoajqnukuP5FCo21/WYWl5ZXVteJ6aWNza3unvLvX1HGqGG+wWMaq7VPNpYh4AwVK3k4Up6EvecsfXU391j1XWsTRLY4T7oV0EIlAMIpG6nb6MZLH3l03c0+8Sa9csav2DOQvcXJSgRz1XvnTPMDSkEfIJNXadewEvYwqFEzySamTap5QNqID7hoa0ZBrL5ttPSFHRumTIFamIiQz9edERkOtx6FvOkOKQ73oTcX/PDfF4MLLRJSkyCM2/yhIJcGYTCMgfaE4Qzk2hDIlzK6EDamiDE1QJROCs3jyX9I8rTp21bk5q9Qu8ziKcACHcAwOnEMNrqEODWCg4Ale4NV6sJ6tN+t93lqw8pl9+AXr4xsjt5JD</latexit>

x̂[+]
1

<latexit sha1_base64="Uo1VO2MAk8GIK9vCw8Qoa+x7bm8=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXiMYB6w2YTZyWwyZPbBTK8alvyHFw+KePVfvPk3TpI9aGJBQ1HVTXeXn0ih0ba/rcLK6tr6RnGztLW9s7tX3j9o6jhVjDdYLGPV9qnmUkS8gQIlbyeK09CXvOWPbqZ+64ErLeLoHscJ90I6iEQgGEUjdTtDiuSp53Qz98yb9MoVu2rPQJaJk5MK5Kj3yl+dfszSkEfIJNXadewEvYwqFEzySamTap5QNqID7hoa0ZBrL5tdPSEnRumTIFamIiQz9fdERkOtx6FvOkOKQ73oTcX/PDfF4MrLRJSkyCM2XxSkkmBMphGQvlCcoRwbQpkS5lbChlRRhiaokgnBWXx5mTTPq45dde4uKrXrPI4iHMExnIIDl1CDW6hDAxgoeIZXeLMerRfr3fqYtxasfOYQ/sD6/AG8XJIA</latexit><latexit sha1_base64="Uo1VO2MAk8GIK9vCw8Qoa+x7bm8=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXiMYB6w2YTZyWwyZPbBTK8alvyHFw+KePVfvPk3TpI9aGJBQ1HVTXeXn0ih0ba/rcLK6tr6RnGztLW9s7tX3j9o6jhVjDdYLGPV9qnmUkS8gQIlbyeK09CXvOWPbqZ+64ErLeLoHscJ90I6iEQgGEUjdTtDiuSp53Qz98yb9MoVu2rPQJaJk5MK5Kj3yl+dfszSkEfIJNXadewEvYwqFEzySamTap5QNqID7hoa0ZBrL5tdPSEnRumTIFamIiQz9fdERkOtx6FvOkOKQ73oTcX/PDfF4MrLRJSkyCM2XxSkkmBMphGQvlCcoRwbQpkS5lbChlRRhiaokgnBWXx5mTTPq45dde4uKrXrPI4iHMExnIIDl1CDW6hDAxgoeIZXeLMerRfr3fqYtxasfOYQ/sD6/AG8XJIA</latexit><latexit sha1_base64="Uo1VO2MAk8GIK9vCw8Qoa+x7bm8=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXiMYB6w2YTZyWwyZPbBTK8alvyHFw+KePVfvPk3TpI9aGJBQ1HVTXeXn0ih0ba/rcLK6tr6RnGztLW9s7tX3j9o6jhVjDdYLGPV9qnmUkS8gQIlbyeK09CXvOWPbqZ+64ErLeLoHscJ90I6iEQgGEUjdTtDiuSp53Qz98yb9MoVu2rPQJaJk5MK5Kj3yl+dfszSkEfIJNXadewEvYwqFEzySamTap5QNqID7hoa0ZBrL5tdPSEnRumTIFamIiQz9fdERkOtx6FvOkOKQ73oTcX/PDfF4MrLRJSkyCM2XxSkkmBMphGQvlCcoRwbQpkS5lbChlRRhiaokgnBWXx5mTTPq45dde4uKrXrPI4iHMExnIIDl1CDW6hDAxgoeIZXeLMerRfr3fqYtxasfOYQ/sD6/AG8XJIA</latexit><latexit sha1_base64="Uo1VO2MAk8GIK9vCw8Qoa+x7bm8=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXiMYB6w2YTZyWwyZPbBTK8alvyHFw+KePVfvPk3TpI9aGJBQ1HVTXeXn0ih0ba/rcLK6tr6RnGztLW9s7tX3j9o6jhVjDdYLGPV9qnmUkS8gQIlbyeK09CXvOWPbqZ+64ErLeLoHscJ90I6iEQgGEUjdTtDiuSp53Qz98yb9MoVu2rPQJaJk5MK5Kj3yl+dfszSkEfIJNXadewEvYwqFEzySamTap5QNqID7hoa0ZBrL5tdPSEnRumTIFamIiQz9fdERkOtx6FvOkOKQ73oTcX/PDfF4MrLRJSkyCM2XxSkkmBMphGQvlCcoRwbQpkS5lbChlRRhiaokgnBWXx5mTTPq45dde4uKrXrPI4iHMExnIIDl1CDW6hDAxgoeIZXeLMerRfr3fqYtxasfOYQ/sD6/AG8XJIA</latexit>

x̂1
<latexit sha1_base64="FX8860uiWKs4pQQPP5Pcf1Jm2Aw=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0s0l3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9ci1EbF6wEnC/YgOlAgFo2ildndIkTz1vF654lbdOcgq8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPi11U8MTykZ0wDuWKhpx42fze6fkzCp9EsbalkIyV39PZDQyZhIFtjOiODTL3kz8z+ukGF77mVBJilyxxaIwlQRjMnue9IXmDOXEEsq0sLcSNqSaMrQRlWwI3vLLq6R5UfXcqnd/Wand5HEU4QRO4Rw8uIIa3EEdGsBAwjO8wpszdl6cd+dj0Vpw8plj+APn8wdp5o+L</latexit><latexit sha1_base64="FX8860uiWKs4pQQPP5Pcf1Jm2Aw=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0s0l3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9ci1EbF6wEnC/YgOlAgFo2ildndIkTz1vF654lbdOcgq8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPi11U8MTykZ0wDuWKhpx42fze6fkzCp9EsbalkIyV39PZDQyZhIFtjOiODTL3kz8z+ukGF77mVBJilyxxaIwlQRjMnue9IXmDOXEEsq0sLcSNqSaMrQRlWwI3vLLq6R5UfXcqnd/Wand5HEU4QRO4Rw8uIIa3EEdGsBAwjO8wpszdl6cd+dj0Vpw8plj+APn8wdp5o+L</latexit><latexit sha1_base64="FX8860uiWKs4pQQPP5Pcf1Jm2Aw=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0s0l3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9ci1EbF6wEnC/YgOlAgFo2ildndIkTz1vF654lbdOcgq8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPi11U8MTykZ0wDuWKhpx42fze6fkzCp9EsbalkIyV39PZDQyZhIFtjOiODTL3kz8z+ukGF77mVBJilyxxaIwlQRjMnue9IXmDOXEEsq0sLcSNqSaMrQRlWwI3vLLq6R5UfXcqnd/Wand5HEU4QRO4Rw8uIIa3EEdGsBAwjO8wpszdl6cd+dj0Vpw8plj+APn8wdp5o+L</latexit><latexit sha1_base64="FX8860uiWKs4pQQPP5Pcf1Jm2Aw=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0s0l3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9ci1EbF6wEnC/YgOlAgFo2ildndIkTz1vF654lbdOcgq8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPi11U8MTykZ0wDuWKhpx42fze6fkzCp9EsbalkIyV39PZDQyZhIFtjOiODTL3kz8z+ukGF77mVBJilyxxaIwlQRjMnue9IXmDOXEEsq0sLcSNqSaMrQRlWwI3vLLq6R5UfXcqnd/Wand5HEU4QRO4Rw8uIIa3EEdGsBAwjO8wpszdl6cd+dj0Vpw8plj+APn8wdp5o+L</latexit>

xi
<latexit sha1_base64="96Omxy49SPGED3hOl6/e89unjWM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2CQjdg=</latexit><latexit sha1_base64="96Omxy49SPGED3hOl6/e89unjWM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2CQjdg=</latexit><latexit sha1_base64="96Omxy49SPGED3hOl6/e89unjWM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2CQjdg=</latexit><latexit sha1_base64="96Omxy49SPGED3hOl6/e89unjWM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2CQjdg=</latexit>

|i� 1|  n
<latexit sha1_base64="nRQQoVdzs3VCVApeT76fKjXUwZY=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6LHoxWMF+4FtKJvtpF262YTdjVDS/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8Hwduo3n1BpHssHM0rQj2hf8pAzaqz0OObn3rgjkMhuqexW3BnIMvFyUoYctW7pq9OLWRqhNExQrduemxg/o8pwJnBS7KQaE8qGtI9tSyWNUPvZ7OIJObVKj4SxsiUNmam/JzIaaT2KAtsZUTPQi95U/M9rpya89jMuk9SgZPNFYSqIicn0fdLjCpkRI0soU9zeStiAKsqMDaloQ/AWX14mjYuK51a8+8ty9SaPowDHcAJn4MEVVOEOalAHBhKe4RXeHO28OO/Ox7x1xclnjuAPnM8f0faQWA==</latexit><latexit sha1_base64="nRQQoVdzs3VCVApeT76fKjXUwZY=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6LHoxWMF+4FtKJvtpF262YTdjVDS/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8Hwduo3n1BpHssHM0rQj2hf8pAzaqz0OObn3rgjkMhuqexW3BnIMvFyUoYctW7pq9OLWRqhNExQrduemxg/o8pwJnBS7KQaE8qGtI9tSyWNUPvZ7OIJObVKj4SxsiUNmam/JzIaaT2KAtsZUTPQi95U/M9rpya89jMuk9SgZPNFYSqIicn0fdLjCpkRI0soU9zeStiAKsqMDaloQ/AWX14mjYuK51a8+8ty9SaPowDHcAJn4MEVVOEOalAHBhKe4RXeHO28OO/Ox7x1xclnjuAPnM8f0faQWA==</latexit><latexit sha1_base64="nRQQoVdzs3VCVApeT76fKjXUwZY=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6LHoxWMF+4FtKJvtpF262YTdjVDS/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8Hwduo3n1BpHssHM0rQj2hf8pAzaqz0OObn3rgjkMhuqexW3BnIMvFyUoYctW7pq9OLWRqhNExQrduemxg/o8pwJnBS7KQaE8qGtI9tSyWNUPvZ7OIJObVKj4SxsiUNmam/JzIaaT2KAtsZUTPQi95U/M9rpya89jMuk9SgZPNFYSqIicn0fdLjCpkRI0soU9zeStiAKsqMDaloQ/AWX14mjYuK51a8+8ty9SaPowDHcAJn4MEVVOEOalAHBhKe4RXeHO28OO/Ox7x1xclnjuAPnM8f0faQWA==</latexit><latexit sha1_base64="nRQQoVdzs3VCVApeT76fKjXUwZY=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6LHoxWMF+4FtKJvtpF262YTdjVDS/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8Hwduo3n1BpHssHM0rQj2hf8pAzaqz0OObn3rgjkMhuqexW3BnIMvFyUoYctW7pq9OLWRqhNExQrduemxg/o8pwJnBS7KQaE8qGtI9tSyWNUPvZ7OIJObVKj4SxsiUNmam/JzIaaT2KAtsZUTPQi95U/M9rpya89jMuk9SgZPNFYSqIicn0fdLjCpkRI0soU9zeStiAKsqMDaloQ/AWX14mjYuK51a8+8ty9SaPowDHcAJn4MEVVOEOalAHBhKe4RXeHO28OO/Ox7x1xclnjuAPnM8f0faQWA==</latexit>

[Britto, Cachazo,Feng,Witten], [Arkani-Hamed,Bourjaily,Cachazo,Caron-Huot,Trnka], [Caron-Huot]

Forward limits

x[a]
1 ! x̂[a]

1 (z)
<latexit sha1_base64="glwqkd+3omm78sb6cbXSqULSgNE=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyURQZdFNy4r2AckMUym03bo5MHMjVhDV278FTcuFHHrN7jzb5y2QbT1wIXDOfdy7z1BIrgCy/oyCguLS8srxdXS2vrG5pa5vdNUcSopa9BYxLIdEMUEj1gDOAjWTiQjYSBYKxhcjP3WLZOKx9E1DBPmhaQX8S6nBLTkm/t3vn2TOcQbuRC7fQL4R6jcH/lm2apaE+B5YuekjHLUffPT7cQ0DVkEVBClHNtKwMuIBE4FG5XcVLGE0AHpMUfTiIRMednkjRE+1EoHd2OpKwI8UX9PZCRUahgGujMk0Fez3lj8z3NS6J55GY+SFFhEp4u6qcAQ43EmuMMloyCGmhAqub4V0z6RhIJOrqRDsGdfnifN46ptVe2rk3LtPI+jiPbQAaogG52iGrpEddRAFD2gJ/SCXo1H49l4M96nrQUjn9lFf2B8fAOFZZh+</latexit><latexit sha1_base64="glwqkd+3omm78sb6cbXSqULSgNE=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyURQZdFNy4r2AckMUym03bo5MHMjVhDV278FTcuFHHrN7jzb5y2QbT1wIXDOfdy7z1BIrgCy/oyCguLS8srxdXS2vrG5pa5vdNUcSopa9BYxLIdEMUEj1gDOAjWTiQjYSBYKxhcjP3WLZOKx9E1DBPmhaQX8S6nBLTkm/t3vn2TOcQbuRC7fQL4R6jcH/lm2apaE+B5YuekjHLUffPT7cQ0DVkEVBClHNtKwMuIBE4FG5XcVLGE0AHpMUfTiIRMednkjRE+1EoHd2OpKwI8UX9PZCRUahgGujMk0Fez3lj8z3NS6J55GY+SFFhEp4u6qcAQ43EmuMMloyCGmhAqub4V0z6RhIJOrqRDsGdfnifN46ptVe2rk3LtPI+jiPbQAaogG52iGrpEddRAFD2gJ/SCXo1H49l4M96nrQUjn9lFf2B8fAOFZZh+</latexit><latexit sha1_base64="glwqkd+3omm78sb6cbXSqULSgNE=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyURQZdFNy4r2AckMUym03bo5MHMjVhDV278FTcuFHHrN7jzb5y2QbT1wIXDOfdy7z1BIrgCy/oyCguLS8srxdXS2vrG5pa5vdNUcSopa9BYxLIdEMUEj1gDOAjWTiQjYSBYKxhcjP3WLZOKx9E1DBPmhaQX8S6nBLTkm/t3vn2TOcQbuRC7fQL4R6jcH/lm2apaE+B5YuekjHLUffPT7cQ0DVkEVBClHNtKwMuIBE4FG5XcVLGE0AHpMUfTiIRMednkjRE+1EoHd2OpKwI8UX9PZCRUahgGujMk0Fez3lj8z3NS6J55GY+SFFhEp4u6qcAQ43EmuMMloyCGmhAqub4V0z6RhIJOrqRDsGdfnifN46ptVe2rk3LtPI+jiPbQAaogG52iGrpEddRAFD2gJ/SCXo1H49l4M96nrQUjn9lFf2B8fAOFZZh+</latexit><latexit sha1_base64="glwqkd+3omm78sb6cbXSqULSgNE=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyURQZdFNy4r2AckMUym03bo5MHMjVhDV278FTcuFHHrN7jzb5y2QbT1wIXDOfdy7z1BIrgCy/oyCguLS8srxdXS2vrG5pa5vdNUcSopa9BYxLIdEMUEj1gDOAjWTiQjYSBYKxhcjP3WLZOKx9E1DBPmhaQX8S6nBLTkm/t3vn2TOcQbuRC7fQL4R6jcH/lm2apaE+B5YuekjHLUffPT7cQ0DVkEVBClHNtKwMuIBE4FG5XcVLGE0AHpMUfTiIRMednkjRE+1EoHd2OpKwI8UX9PZCRUahgGujMk0Fez3lj8z3NS6J55GY+SFFhEp4u6qcAQ43EmuMMloyCGmhAqub4V0z6RhIJOrqRDsGdfnifN46ptVe2rk3LtPI+jiPbQAaogG52iGrpEddRAFD2gJ/SCXo1H49l4M96nrQUjn9lFf2B8fAOFZZh+</latexit>



?

Higher orders in 1/N

torus modular parameter 
in (   ,    ) planel1 l2

l1 ' l1 + l2
l2 ' l2 + l1

l1
<latexit sha1_base64="YkR3lUDsHZHWitmJCaULbhLQFpQ=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxorWFdinZNNuGZrNLkhVK6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddCP7pF8s4TLGmBCCMkKq59iRer1WITVEMsuhBEs0+8X33iBmacSVZZIa0yU4sf6UaiuY5LNCLzU8oWxMh7zrqKIRN/50fuoMnThlgMJYu1IWzdXvE1MaGTOJAtcZUTsyv71M/Mvrpjas+VOhktRyxRaLwlQiG6PsbzQQmjMrJ45QpoW7FbER1ZRZl07BhfD1Kfqf3FXKBJfJ9VmpcbGMIw9HcAynQKAKDbiCJrSAwRAe4AmePek9ei/e66I15y1nDuEHvLdPRl6Nyg==</latexit><latexit sha1_base64="YkR3lUDsHZHWitmJCaULbhLQFpQ=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxorWFdinZNNuGZrNLkhVK6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddCP7pF8s4TLGmBCCMkKq59iRer1WITVEMsuhBEs0+8X33iBmacSVZZIa0yU4sf6UaiuY5LNCLzU8oWxMh7zrqKIRN/50fuoMnThlgMJYu1IWzdXvE1MaGTOJAtcZUTsyv71M/Mvrpjas+VOhktRyxRaLwlQiG6PsbzQQmjMrJ45QpoW7FbER1ZRZl07BhfD1Kfqf3FXKBJfJ9VmpcbGMIw9HcAynQKAKDbiCJrSAwRAe4AmePek9ei/e66I15y1nDuEHvLdPRl6Nyg==</latexit><latexit sha1_base64="YkR3lUDsHZHWitmJCaULbhLQFpQ=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxorWFdinZNNuGZrNLkhVK6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddCP7pF8s4TLGmBCCMkKq59iRer1WITVEMsuhBEs0+8X33iBmacSVZZIa0yU4sf6UaiuY5LNCLzU8oWxMh7zrqKIRN/50fuoMnThlgMJYu1IWzdXvE1MaGTOJAtcZUTsyv71M/Mvrpjas+VOhktRyxRaLwlQiG6PsbzQQmjMrJ45QpoW7FbER1ZRZl07BhfD1Kfqf3FXKBJfJ9VmpcbGMIw9HcAynQKAKDbiCJrSAwRAe4AmePek9ei/e66I15y1nDuEHvLdPRl6Nyg==</latexit><latexit sha1_base64="YkR3lUDsHZHWitmJCaULbhLQFpQ=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxorWFdinZNNuGZrNLkhVK6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddCP7pF8s4TLGmBCCMkKq59iRer1WITVEMsuhBEs0+8X33iBmacSVZZIa0yU4sf6UaiuY5LNCLzU8oWxMh7zrqKIRN/50fuoMnThlgMJYu1IWzdXvE1MaGTOJAtcZUTsyv71M/Mvrpjas+VOhktRyxRaLwlQiG6PsbzQQmjMrJ45QpoW7FbER1ZRZl07BhfD1Kfqf3FXKBJfJ9VmpcbGMIw9HcAynQKAKDbiCJrSAwRAe4AmePek9ei/e66I15y1nDuEHvLdPRl6Nyg==</latexit>

l2
<latexit sha1_base64="SVfEvwJOihlNgUeZj87xBBpbFYc=">AAAB6nicdVBNS8NAEJ34WetX1aOXxSJ4CkkMbb0VvXisaD+gDWWz3bZLN5uwuxFK6E/w4kERr/4ib/4bN20FFX0w8Hhvhpl5YcKZ0o7zYa2srq1vbBa2its7u3v7pYPDlopTSWiTxDyWnRArypmgTc00p51EUhyFnLbDyVXut++pVCwWd3qa0CDCI8GGjGBtpFve9/qlsmNf1CqeX0GO7ThV13Nz4lX9cx+5RslRhiUa/dJ7bxCTNKJCE46V6rpOooMMS80Ip7NiL1U0wWSCR7RrqMARVUE2P3WGTo0yQMNYmhIazdXvExmOlJpGoemMsB6r314u/uV1Uz2sBRkTSaqpIItFw5QjHaP8bzRgkhLNp4ZgIpm5FZExlphok07RhPD1KfqftDzbdWz3xi/XL5dxFOAYTuAMXKhCHa6hAU0gMIIHeIJni1uP1ov1umhdsZYzR/AD1tsnWvuN1w==</latexit><latexit sha1_base64="SVfEvwJOihlNgUeZj87xBBpbFYc=">AAAB6nicdVBNS8NAEJ34WetX1aOXxSJ4CkkMbb0VvXisaD+gDWWz3bZLN5uwuxFK6E/w4kERr/4ib/4bN20FFX0w8Hhvhpl5YcKZ0o7zYa2srq1vbBa2its7u3v7pYPDlopTSWiTxDyWnRArypmgTc00p51EUhyFnLbDyVXut++pVCwWd3qa0CDCI8GGjGBtpFve9/qlsmNf1CqeX0GO7ThV13Nz4lX9cx+5RslRhiUa/dJ7bxCTNKJCE46V6rpOooMMS80Ip7NiL1U0wWSCR7RrqMARVUE2P3WGTo0yQMNYmhIazdXvExmOlJpGoemMsB6r314u/uV1Uz2sBRkTSaqpIItFw5QjHaP8bzRgkhLNp4ZgIpm5FZExlphok07RhPD1KfqftDzbdWz3xi/XL5dxFOAYTuAMXKhCHa6hAU0gMIIHeIJni1uP1ov1umhdsZYzR/AD1tsnWvuN1w==</latexit><latexit sha1_base64="SVfEvwJOihlNgUeZj87xBBpbFYc=">AAAB6nicdVBNS8NAEJ34WetX1aOXxSJ4CkkMbb0VvXisaD+gDWWz3bZLN5uwuxFK6E/w4kERr/4ib/4bN20FFX0w8Hhvhpl5YcKZ0o7zYa2srq1vbBa2its7u3v7pYPDlopTSWiTxDyWnRArypmgTc00p51EUhyFnLbDyVXut++pVCwWd3qa0CDCI8GGjGBtpFve9/qlsmNf1CqeX0GO7ThV13Nz4lX9cx+5RslRhiUa/dJ7bxCTNKJCE46V6rpOooMMS80Ip7NiL1U0wWSCR7RrqMARVUE2P3WGTo0yQMNYmhIazdXvExmOlJpGoemMsB6r314u/uV1Uz2sBRkTSaqpIItFw5QjHaP8bzRgkhLNp4ZgIpm5FZExlphok07RhPD1KfqftDzbdWz3xi/XL5dxFOAYTuAMXKhCHa6hAU0gMIIHeIJni1uP1ov1umhdsZYzR/AD1tsnWvuN1w==</latexit><latexit sha1_base64="SVfEvwJOihlNgUeZj87xBBpbFYc=">AAAB6nicdVBNS8NAEJ34WetX1aOXxSJ4CkkMbb0VvXisaD+gDWWz3bZLN5uwuxFK6E/w4kERr/4ib/4bN20FFX0w8Hhvhpl5YcKZ0o7zYa2srq1vbBa2its7u3v7pYPDlopTSWiTxDyWnRArypmgTc00p51EUhyFnLbDyVXut++pVCwWd3qa0CDCI8GGjGBtpFve9/qlsmNf1CqeX0GO7ThV13Nz4lX9cx+5RslRhiUa/dJ7bxCTNKJCE46V6rpOooMMS80Ip7NiL1U0wWSCR7RrqMARVUE2P3WGTo0yQMNYmhIazdXvExmOlJpGoemMsB6r314u/uV1Uz2sBRkTSaqpIItFw5QjHaP8bzRgkhLNp4ZgIpm5FZExlphok07RhPD1KfqftDzbdWz3xi/XL5dxFOAYTuAMXKhCHa6hAU0gMIIHeIJni1uP1ov1umhdsZYzR/AD1tsnWvuN1w==</latexit>

T-duality
<latexit sha1_base64="TYr5NIBWLy+Ql//+lvvK8jkzF0U=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBiyURQY9FLx4rtLXQhrLZTNqlmw92J8US+k+8eFDEq//Em//GbZuDtj4YeLw3w8w8P5VCo+N8W6W19Y3NrfJ2ZWd3b//APjxq6yRTHFo8kYnq+EyDFDG0UKCETqqARb6ER390N/Mfx6C0SOImTlLwIjaIRSg4QyP1bbuH8IR58yLImBQ4mfbtqlNz5qCrxC1IlRRo9O2vXpDwLIIYuWRad10nRS9nCgWXMK30Mg0p4yM2gK6hMYtAe/n88ik9M0pAw0SZipHO1d8TOYu0nkS+6YwYDvWyNxP/87oZhjdeLuI0Q4j5YlGYSYoJncVAA6GAo5wYwrgS5lbKh0wxjiasignBXX55lbQva65Tcx+uqvXbIo4yOSGn5Jy45JrUyT1pkBbhZEyeySt5s3LrxXq3PhatJauYOSZ/YH3+AP61k+E=</latexit><latexit sha1_base64="TYr5NIBWLy+Ql//+lvvK8jkzF0U=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBiyURQY9FLx4rtLXQhrLZTNqlmw92J8US+k+8eFDEq//Em//GbZuDtj4YeLw3w8w8P5VCo+N8W6W19Y3NrfJ2ZWd3b//APjxq6yRTHFo8kYnq+EyDFDG0UKCETqqARb6ER390N/Mfx6C0SOImTlLwIjaIRSg4QyP1bbuH8IR58yLImBQ4mfbtqlNz5qCrxC1IlRRo9O2vXpDwLIIYuWRad10nRS9nCgWXMK30Mg0p4yM2gK6hMYtAe/n88ik9M0pAw0SZipHO1d8TOYu0nkS+6YwYDvWyNxP/87oZhjdeLuI0Q4j5YlGYSYoJncVAA6GAo5wYwrgS5lbKh0wxjiasignBXX55lbQva65Tcx+uqvXbIo4yOSGn5Jy45JrUyT1pkBbhZEyeySt5s3LrxXq3PhatJauYOSZ/YH3+AP61k+E=</latexit><latexit sha1_base64="TYr5NIBWLy+Ql//+lvvK8jkzF0U=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBiyURQY9FLx4rtLXQhrLZTNqlmw92J8US+k+8eFDEq//Em//GbZuDtj4YeLw3w8w8P5VCo+N8W6W19Y3NrfJ2ZWd3b//APjxq6yRTHFo8kYnq+EyDFDG0UKCETqqARb6ER390N/Mfx6C0SOImTlLwIjaIRSg4QyP1bbuH8IR58yLImBQ4mfbtqlNz5qCrxC1IlRRo9O2vXpDwLIIYuWRad10nRS9nCgWXMK30Mg0p4yM2gK6hMYtAe/n88ik9M0pAw0SZipHO1d8TOYu0nkS+6YwYDvWyNxP/87oZhjdeLuI0Q4j5YlGYSYoJncVAA6GAo5wYwrgS5lbKh0wxjiasignBXX55lbQva65Tcx+uqvXbIo4yOSGn5Jy45JrUyT1pkBbhZEyeySt5s3LrxXq3PhatJauYOSZ/YH3+AP61k+E=</latexit><latexit sha1_base64="TYr5NIBWLy+Ql//+lvvK8jkzF0U=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBiyURQY9FLx4rtLXQhrLZTNqlmw92J8US+k+8eFDEq//Em//GbZuDtj4YeLw3w8w8P5VCo+N8W6W19Y3NrfJ2ZWd3b//APjxq6yRTHFo8kYnq+EyDFDG0UKCETqqARb6ER390N/Mfx6C0SOImTlLwIjaIRSg4QyP1bbuH8IR58yLImBQ4mfbtqlNz5qCrxC1IlRRo9O2vXpDwLIIYuWRad10nRS9nCgWXMK30Mg0p4yM2gK6hMYtAe/n88ik9M0pAw0SZipHO1d8TOYu0nkS+6YwYDvWyNxP/87oZhjdeLuI0Q4j5YlGYSYoJncVAA6GAo5wYwrgS5lbKh0wxjiasignBXX55lbQva65Tcx+uqvXbIo4yOSGn5Jy45JrUyT1pkBbhZEyeySt5s3LrxXq3PhatJauYOSZ/YH3+AP61k+E=</latexit>

l1
<latexit sha1_base64="YkR3lUDsHZHWitmJCaULbhLQFpQ=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxorWFdinZNNuGZrNLkhVK6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddCP7pF8s4TLGmBCCMkKq59iRer1WITVEMsuhBEs0+8X33iBmacSVZZIa0yU4sf6UaiuY5LNCLzU8oWxMh7zrqKIRN/50fuoMnThlgMJYu1IWzdXvE1MaGTOJAtcZUTsyv71M/Mvrpjas+VOhktRyxRaLwlQiG6PsbzQQmjMrJ45QpoW7FbER1ZRZl07BhfD1Kfqf3FXKBJfJ9VmpcbGMIw9HcAynQKAKDbiCJrSAwRAe4AmePek9ei/e66I15y1nDuEHvLdPRl6Nyg==</latexit><latexit sha1_base64="YkR3lUDsHZHWitmJCaULbhLQFpQ=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxorWFdinZNNuGZrNLkhVK6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddCP7pF8s4TLGmBCCMkKq59iRer1WITVEMsuhBEs0+8X33iBmacSVZZIa0yU4sf6UaiuY5LNCLzU8oWxMh7zrqKIRN/50fuoMnThlgMJYu1IWzdXvE1MaGTOJAtcZUTsyv71M/Mvrpjas+VOhktRyxRaLwlQiG6PsbzQQmjMrJ45QpoW7FbER1ZRZl07BhfD1Kfqf3FXKBJfJ9VmpcbGMIw9HcAynQKAKDbiCJrSAwRAe4AmePek9ei/e66I15y1nDuEHvLdPRl6Nyg==</latexit><latexit sha1_base64="YkR3lUDsHZHWitmJCaULbhLQFpQ=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxorWFdinZNNuGZrNLkhVK6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddCP7pF8s4TLGmBCCMkKq59iRer1WITVEMsuhBEs0+8X33iBmacSVZZIa0yU4sf6UaiuY5LNCLzU8oWxMh7zrqKIRN/50fuoMnThlgMJYu1IWzdXvE1MaGTOJAtcZUTsyv71M/Mvrpjas+VOhktRyxRaLwlQiG6PsbzQQmjMrJ45QpoW7FbER1ZRZl07BhfD1Kfqf3FXKBJfJ9VmpcbGMIw9HcAynQKAKDbiCJrSAwRAe4AmePek9ei/e66I15y1nDuEHvLdPRl6Nyg==</latexit><latexit sha1_base64="YkR3lUDsHZHWitmJCaULbhLQFpQ=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxorWFdinZNNuGZrNLkhVK6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddCP7pF8s4TLGmBCCMkKq59iRer1WITVEMsuhBEs0+8X33iBmacSVZZIa0yU4sf6UaiuY5LNCLzU8oWxMh7zrqKIRN/50fuoMnThlgMJYu1IWzdXvE1MaGTOJAtcZUTsyv71M/Mvrpjas+VOhktRyxRaLwlQiG6PsbzQQmjMrJ45QpoW7FbER1ZRZl07BhfD1Kfqf3FXKBJfJ9VmpcbGMIw9HcAynQKAKDbiCJrSAwRAe4AmePek9ei/e66I15y1nDuEHvLdPRl6Nyg==</latexit>

l2
<latexit sha1_base64="SVfEvwJOihlNgUeZj87xBBpbFYc=">AAAB6nicdVBNS8NAEJ34WetX1aOXxSJ4CkkMbb0VvXisaD+gDWWz3bZLN5uwuxFK6E/w4kERr/4ib/4bN20FFX0w8Hhvhpl5YcKZ0o7zYa2srq1vbBa2its7u3v7pYPDlopTSWiTxDyWnRArypmgTc00p51EUhyFnLbDyVXut++pVCwWd3qa0CDCI8GGjGBtpFve9/qlsmNf1CqeX0GO7ThV13Nz4lX9cx+5RslRhiUa/dJ7bxCTNKJCE46V6rpOooMMS80Ip7NiL1U0wWSCR7RrqMARVUE2P3WGTo0yQMNYmhIazdXvExmOlJpGoemMsB6r314u/uV1Uz2sBRkTSaqpIItFw5QjHaP8bzRgkhLNp4ZgIpm5FZExlphok07RhPD1KfqftDzbdWz3xi/XL5dxFOAYTuAMXKhCHa6hAU0gMIIHeIJni1uP1ov1umhdsZYzR/AD1tsnWvuN1w==</latexit><latexit sha1_base64="SVfEvwJOihlNgUeZj87xBBpbFYc=">AAAB6nicdVBNS8NAEJ34WetX1aOXxSJ4CkkMbb0VvXisaD+gDWWz3bZLN5uwuxFK6E/w4kERr/4ib/4bN20FFX0w8Hhvhpl5YcKZ0o7zYa2srq1vbBa2its7u3v7pYPDlopTSWiTxDyWnRArypmgTc00p51EUhyFnLbDyVXut++pVCwWd3qa0CDCI8GGjGBtpFve9/qlsmNf1CqeX0GO7ThV13Nz4lX9cx+5RslRhiUa/dJ7bxCTNKJCE46V6rpOooMMS80Ip7NiL1U0wWSCR7RrqMARVUE2P3WGTo0yQMNYmhIazdXvExmOlJpGoemMsB6r314u/uV1Uz2sBRkTSaqpIItFw5QjHaP8bzRgkhLNp4ZgIpm5FZExlphok07RhPD1KfqftDzbdWz3xi/XL5dxFOAYTuAMXKhCHa6hAU0gMIIHeIJni1uP1ov1umhdsZYzR/AD1tsnWvuN1w==</latexit><latexit sha1_base64="SVfEvwJOihlNgUeZj87xBBpbFYc=">AAAB6nicdVBNS8NAEJ34WetX1aOXxSJ4CkkMbb0VvXisaD+gDWWz3bZLN5uwuxFK6E/w4kERr/4ib/4bN20FFX0w8Hhvhpl5YcKZ0o7zYa2srq1vbBa2its7u3v7pYPDlopTSWiTxDyWnRArypmgTc00p51EUhyFnLbDyVXut++pVCwWd3qa0CDCI8GGjGBtpFve9/qlsmNf1CqeX0GO7ThV13Nz4lX9cx+5RslRhiUa/dJ7bxCTNKJCE46V6rpOooMMS80Ip7NiL1U0wWSCR7RrqMARVUE2P3WGTo0yQMNYmhIazdXvExmOlJpGoemMsB6r314u/uV1Uz2sBRkTSaqpIItFw5QjHaP8bzRgkhLNp4ZgIpm5FZExlphok07RhPD1KfqftDzbdWz3xi/XL5dxFOAYTuAMXKhCHa6hAU0gMIIHeIJni1uP1ov1umhdsZYzR/AD1tsnWvuN1w==</latexit><latexit sha1_base64="SVfEvwJOihlNgUeZj87xBBpbFYc=">AAAB6nicdVBNS8NAEJ34WetX1aOXxSJ4CkkMbb0VvXisaD+gDWWz3bZLN5uwuxFK6E/w4kERr/4ib/4bN20FFX0w8Hhvhpl5YcKZ0o7zYa2srq1vbBa2its7u3v7pYPDlopTSWiTxDyWnRArypmgTc00p51EUhyFnLbDyVXut++pVCwWd3qa0CDCI8GGjGBtpFve9/qlsmNf1CqeX0GO7ThV13Nz4lX9cx+5RslRhiUa/dJ7bxCTNKJCE46V6rpOooMMS80Ip7NiL1U0wWSCR7RrqMARVUE2P3WGTo0yQMNYmhIazdXvExmOlJpGoemMsB6r314u/uV1Uz2sBRkTSaqpIItFw5QjHaP8bzRgkhLNp4ZgIpm5FZExlphok07RhPD1KfqftDzbdWz3xi/XL5dxFOAYTuAMXKhCHa6hAU0gMIIHeIJni1uP1ov1umhdsZYzR/AD1tsnWvuN1w==</latexit>

⌧
<latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit><latexit sha1_base64="rx/s5aCvXUP35GpplwAkBrTmD4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaRpv1rz6/4cZJUEBalBgWa/+tUbxCxVXCOT1Npu4CcYZtSgYJLPKr3U8oSyCR3xrqOaKm7DbH7rjJw5ZUCGsXGlkczV3xMZVdZOVeQ6FcWxXfZy8T+vm+LwOsyETlLkmi0WDVNJMCb542QgDGcop45QZoS7lbAxNZShi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld485T34r17H4vWklfMHMMfeJ8/IS2OSA==</latexit> ⌧ + 1

<latexit sha1_base64="b+QZVVdOq6/O/sdjeaOMHljrcKs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegF48RzAOSJcxOJsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6Pvf3srq2vrGZmGruL2zu7dfOjhsWJ0axutMS21aEbVcCsXrKFDyVmI4jSPJm9Hoduo3n7ixQqsHHCc8jOlAib5gFJ3U6CBNz4NuqexX/BnIMglyUoYctW7pq9PTLI25Qiapte3ATzDMqEHBJJ8UO6nlCWUjOuBtRxWNuQ2z2bUTcuqUHulr40ohmam/JzIaWzuOI9cZUxzaRW8q/ue1U+xfh5lQSYpcsfmifioJajJ9nfSE4Qzl2BHKjHC3EjakhjJ0ARVdCMHiy8ukcVEJ/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePO29eO/ex7x1xctnjuAPvM8f+eqOuA==</latexit><latexit sha1_base64="b+QZVVdOq6/O/sdjeaOMHljrcKs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegF48RzAOSJcxOJsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6Pvf3srq2vrGZmGruL2zu7dfOjhsWJ0axutMS21aEbVcCsXrKFDyVmI4jSPJm9Hoduo3n7ixQqsHHCc8jOlAib5gFJ3U6CBNz4NuqexX/BnIMglyUoYctW7pq9PTLI25Qiapte3ATzDMqEHBJJ8UO6nlCWUjOuBtRxWNuQ2z2bUTcuqUHulr40ohmam/JzIaWzuOI9cZUxzaRW8q/ue1U+xfh5lQSYpcsfmifioJajJ9nfSE4Qzl2BHKjHC3EjakhjJ0ARVdCMHiy8ukcVEJ/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePO29eO/ex7x1xctnjuAPvM8f+eqOuA==</latexit><latexit sha1_base64="b+QZVVdOq6/O/sdjeaOMHljrcKs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegF48RzAOSJcxOJsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6Pvf3srq2vrGZmGruL2zu7dfOjhsWJ0axutMS21aEbVcCsXrKFDyVmI4jSPJm9Hoduo3n7ixQqsHHCc8jOlAib5gFJ3U6CBNz4NuqexX/BnIMglyUoYctW7pq9PTLI25Qiapte3ATzDMqEHBJJ8UO6nlCWUjOuBtRxWNuQ2z2bUTcuqUHulr40ohmam/JzIaWzuOI9cZUxzaRW8q/ue1U+xfh5lQSYpcsfmifioJajJ9nfSE4Qzl2BHKjHC3EjakhjJ0ARVdCMHiy8ukcVEJ/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePO29eO/ex7x1xctnjuAPvM8f+eqOuA==</latexit><latexit sha1_base64="b+QZVVdOq6/O/sdjeaOMHljrcKs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegF48RzAOSJcxOJsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6Pvf3srq2vrGZmGruL2zu7dfOjhsWJ0axutMS21aEbVcCsXrKFDyVmI4jSPJm9Hoduo3n7ixQqsHHCc8jOlAib5gFJ3U6CBNz4NuqexX/BnIMglyUoYctW7pq9PTLI25Qiapte3ATzDMqEHBJJ8UO6nlCWUjOuBtRxWNuQ2z2bUTcuqUHulr40ohmam/JzIaWzuOI9cZUxzaRW8q/ue1U+xfh5lQSYpcsfmifioJajJ9nfSE4Qzl2BHKjHC3EjakhjJ0ARVdCMHiy8ukcVEJ/Epwf1mu3uRxFOAYTuAMAriCKtxBDerA4BGe4RXePO29eO/ex7x1xctnjuAPvM8f+eqOuA==</latexit>

1
<latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit>

two periodicity constraints 



Extension - Form factors

FO(k1, . . . , kn) = hk1, . . . , kn|O(q)|0i =
<latexit sha1_base64="vApV49DKdGxyf4Q5Jiluvk/Tgic="></latexit><latexit sha1_base64="vApV49DKdGxyf4Q5Jiluvk/Tgic="></latexit><latexit sha1_base64="vApV49DKdGxyf4Q5Jiluvk/Tgic="></latexit><latexit sha1_base64="vApV49DKdGxyf4Q5Jiluvk/Tgic="></latexit>

Amplitude of a local operator to create an n-gluon asymptotic state

q
<latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit>

k1
<latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit><latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit><latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit><latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit>

k2
<latexit sha1_base64="iR+qAF2Hj9H8E/BHBQzwz7ORs+k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD5V42U</latexit><latexit sha1_base64="iR+qAF2Hj9H8E/BHBQzwz7ORs+k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD5V42U</latexit><latexit sha1_base64="iR+qAF2Hj9H8E/BHBQzwz7ORs+k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD5V42U</latexit><latexit sha1_base64="iR+qAF2Hj9H8E/BHBQzwz7ORs+k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD5V42U</latexit>

kn
<latexit sha1_base64="zcDpg5drRJ9+7NDMT1nqEdmSpkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdxXfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A1RWjdA=</latexit><latexit sha1_base64="zcDpg5drRJ9+7NDMT1nqEdmSpkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdxXfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A1RWjdA=</latexit><latexit sha1_base64="zcDpg5drRJ9+7NDMT1nqEdmSpkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdxXfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A1RWjdA=</latexit><latexit sha1_base64="zcDpg5drRJ9+7NDMT1nqEdmSpkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdxXfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A1RWjdA=</latexit>

Leaves in momentum space and has the topology of a cylinder

Claims [Tumanov, Wilhelm, AS] in progress

Dual to quantum periodic Wilson loop

Can compute at finite coupling by a generalization of the OPE

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit> h
<latexit sha1_base64="cGTsg5SUqxyJYZ9LMX3QnmJb4j8=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgKSQi6MFD0YvHCvYDmlA22027dLOJu5NCCf0dXjwo4tUf481/47bNQVsfDDzem2FmXpgKrtF1v63S2vrG5lZ5u7Kzu7d/UD08aukkU5Q1aSIS1QmJZoJL1kSOgnVSxUgcCtYOR3czvz1mSvNEPuIkZUFMBpJHnBI0UuALFuGNr/hgiE6vWnMddw57lXgFqUGBRq/65fcTmsVMIhVE667nphjkRCGngk0rfqZZSuiIDFjXUElipoN8fvTUPjNK344SZUqiPVd/T+Qk1noSh6YzJjjUy95M/M/rZhhdBzmXaYZM0sWiKBM2JvYsAbvPFaMoJoYQqri51aZDoghFk1PFhOAtv7xKWheO5zrew2WtflvEUYYTOIVz8OAK6nAPDWgChSd4hld4s8bWi/VufSxaS1Yxcwx/YH3+AH5/kec=</latexit><latexit sha1_base64="cGTsg5SUqxyJYZ9LMX3QnmJb4j8=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgKSQi6MFD0YvHCvYDmlA22027dLOJu5NCCf0dXjwo4tUf481/47bNQVsfDDzem2FmXpgKrtF1v63S2vrG5lZ5u7Kzu7d/UD08aukkU5Q1aSIS1QmJZoJL1kSOgnVSxUgcCtYOR3czvz1mSvNEPuIkZUFMBpJHnBI0UuALFuGNr/hgiE6vWnMddw57lXgFqUGBRq/65fcTmsVMIhVE667nphjkRCGngk0rfqZZSuiIDFjXUElipoN8fvTUPjNK344SZUqiPVd/T+Qk1noSh6YzJjjUy95M/M/rZhhdBzmXaYZM0sWiKBM2JvYsAbvPFaMoJoYQqri51aZDoghFk1PFhOAtv7xKWheO5zrew2WtflvEUYYTOIVz8OAK6nAPDWgChSd4hld4s8bWi/VufSxaS1Yxcwx/YH3+AH5/kec=</latexit><latexit sha1_base64="cGTsg5SUqxyJYZ9LMX3QnmJb4j8=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgKSQi6MFD0YvHCvYDmlA22027dLOJu5NCCf0dXjwo4tUf481/47bNQVsfDDzem2FmXpgKrtF1v63S2vrG5lZ5u7Kzu7d/UD08aukkU5Q1aSIS1QmJZoJL1kSOgnVSxUgcCtYOR3czvz1mSvNEPuIkZUFMBpJHnBI0UuALFuGNr/hgiE6vWnMddw57lXgFqUGBRq/65fcTmsVMIhVE667nphjkRCGngk0rfqZZSuiIDFjXUElipoN8fvTUPjNK344SZUqiPVd/T+Qk1noSh6YzJjjUy95M/M/rZhhdBzmXaYZM0sWiKBM2JvYsAbvPFaMoJoYQqri51aZDoghFk1PFhOAtv7xKWheO5zrew2WtflvEUYYTOIVz8OAK6nAPDWgChSd4hld4s8bWi/VufSxaS1Yxcwx/YH3+AH5/kec=</latexit><latexit sha1_base64="cGTsg5SUqxyJYZ9LMX3QnmJb4j8=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgKSQi6MFD0YvHCvYDmlA22027dLOJu5NCCf0dXjwo4tUf481/47bNQVsfDDzem2FmXpgKrtF1v63S2vrG5lZ5u7Kzu7d/UD08aukkU5Q1aSIS1QmJZoJL1kSOgnVSxUgcCtYOR3czvz1mSvNEPuIkZUFMBpJHnBI0UuALFuGNr/hgiE6vWnMddw57lXgFqUGBRq/65fcTmsVMIhVE667nphjkRCGngk0rfqZZSuiIDFjXUElipoN8fvTUPjNK344SZUqiPVd/T+Qk1noSh6YzJjjUy95M/M/rZhhdBzmXaYZM0sWiKBM2JvYsAbvPFaMoJoYQqri51aZDoghFk1PFhOAtv7xKWheO5zrew2WtflvEUYYTOIVz8OAK6nAPDWgChSd4hld4s8bWi/VufSxaS1Yxcwx/YH3+AH5/kec=</latexit>

i
<latexit sha1_base64="NTU4E+hve0HFtQmqka+KEzY6umQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgKSQi6EmKXjxWsB/QhLLZbtqlm03cnRRK6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzwlRwja77bZXW1jc2t8rblZ3dvf2D6uFRSyeZoqxJE5GoTkg0E1yyJnIUrJMqRuJQsHY4upv57TFTmifyEScpC2IykDzilKCRAl+wCB1f8cEQb3rVmuu4c9irxCtIDQo0etUvv5/QLGYSqSBadz03xSAnCjkVbFrxM81SQkdkwLqGShIzHeTzo6f2mVH6dpQoUxLtufp7Iiex1pM4NJ0xwaFe9mbif143w+g6yLlMM2SSLhZFmbAxsWcJ2H2uGEUxMYRQxc2tNh0SRSianComBG/55VXSunA81/EeLmv12yKOMpzAKZyDB1dQh3toQBMoPMEzvMKbNbZerHfrY9FasoqZY/gD6/MHgSWR6Q==</latexit><latexit sha1_base64="NTU4E+hve0HFtQmqka+KEzY6umQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgKSQi6EmKXjxWsB/QhLLZbtqlm03cnRRK6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzwlRwja77bZXW1jc2t8rblZ3dvf2D6uFRSyeZoqxJE5GoTkg0E1yyJnIUrJMqRuJQsHY4upv57TFTmifyEScpC2IykDzilKCRAl+wCB1f8cEQb3rVmuu4c9irxCtIDQo0etUvv5/QLGYSqSBadz03xSAnCjkVbFrxM81SQkdkwLqGShIzHeTzo6f2mVH6dpQoUxLtufp7Iiex1pM4NJ0xwaFe9mbif143w+g6yLlMM2SSLhZFmbAxsWcJ2H2uGEUxMYRQxc2tNh0SRSianComBG/55VXSunA81/EeLmv12yKOMpzAKZyDB1dQh3toQBMoPMEzvMKbNbZerHfrY9FasoqZY/gD6/MHgSWR6Q==</latexit><latexit sha1_base64="NTU4E+hve0HFtQmqka+KEzY6umQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgKSQi6EmKXjxWsB/QhLLZbtqlm03cnRRK6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzwlRwja77bZXW1jc2t8rblZ3dvf2D6uFRSyeZoqxJE5GoTkg0E1yyJnIUrJMqRuJQsHY4upv57TFTmifyEScpC2IykDzilKCRAl+wCB1f8cEQb3rVmuu4c9irxCtIDQo0etUvv5/QLGYSqSBadz03xSAnCjkVbFrxM81SQkdkwLqGShIzHeTzo6f2mVH6dpQoUxLtufp7Iiex1pM4NJ0xwaFe9mbif143w+g6yLlMM2SSLhZFmbAxsWcJ2H2uGEUxMYRQxc2tNh0SRSianComBG/55VXSunA81/EeLmv12yKOMpzAKZyDB1dQh3toQBMoPMEzvMKbNbZerHfrY9FasoqZY/gD6/MHgSWR6Q==</latexit><latexit sha1_base64="NTU4E+hve0HFtQmqka+KEzY6umQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgKSQi6EmKXjxWsB/QhLLZbtqlm03cnRRK6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzwlRwja77bZXW1jc2t8rblZ3dvf2D6uFRSyeZoqxJE5GoTkg0E1yyJnIUrJMqRuJQsHY4upv57TFTmifyEScpC2IykDzilKCRAl+wCB1f8cEQb3rVmuu4c9irxCtIDQo0etUvv5/QLGYSqSBadz03xSAnCjkVbFrxM81SQkdkwLqGShIzHeTzo6f2mVH6dpQoUxLtufp7Iiex1pM4NJ0xwaFe9mbif143w+g6yLlMM2SSLhZFmbAxsWcJ2H2uGEUxMYRQxc2tNh0SRSianComBG/55VXSunA81/EeLmv12yKOMpzAKZyDB1dQh3toQBMoPMEzvMKbNbZerHfrY9FasoqZY/gD6/MHgSWR6Q==</latexit>

k1
<latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit><latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit><latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit><latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit>

k2
<latexit sha1_base64="iR+qAF2Hj9H8E/BHBQzwz7ORs+k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD5V42U</latexit><latexit sha1_base64="iR+qAF2Hj9H8E/BHBQzwz7ORs+k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD5V42U</latexit><latexit sha1_base64="iR+qAF2Hj9H8E/BHBQzwz7ORs+k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD5V42U</latexit><latexit sha1_base64="iR+qAF2Hj9H8E/BHBQzwz7ORs+k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD5V42U</latexit>

k3
<latexit sha1_base64="Bj1Pi2bfBzBB3jqIxib2cdg4GF8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3H/sl+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD6242V</latexit><latexit sha1_base64="Bj1Pi2bfBzBB3jqIxib2cdg4GF8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3H/sl+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD6242V</latexit><latexit sha1_base64="Bj1Pi2bfBzBB3jqIxib2cdg4GF8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3H/sl+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD6242V</latexit><latexit sha1_base64="Bj1Pi2bfBzBB3jqIxib2cdg4GF8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3H/sl+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD6242V</latexit> kn

<latexit sha1_base64="zcDpg5drRJ9+7NDMT1nqEdmSpkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdxXfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A1RWjdA=</latexit><latexit sha1_base64="zcDpg5drRJ9+7NDMT1nqEdmSpkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdxXfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A1RWjdA=</latexit><latexit sha1_base64="zcDpg5drRJ9+7NDMT1nqEdmSpkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdxXfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A1RWjdA=</latexit><latexit sha1_base64="zcDpg5drRJ9+7NDMT1nqEdmSpkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdxXfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A1RWjdA=</latexit>

k1
<latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit><latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit><latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit><latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit> cylinder

<latexit sha1_base64="wr8pPs4XDeYuoEJd/YF0jbU8K+Q=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lspu3SzSbsTsQY+ku8eFDEqz/Fm//GbZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqGLRYLGLVDagGwSW0kKOAbqKARoGATjC5mfmdB1Cax/IeswT8iI4kH3JG0UgDu9pHeMScZeaBENR0YNfcujuHs0q8gtRIgebA/uqHMUsjkMgE1brnuQn6OVXImYBppZ9qSCib0BH0DJU0Au3n88WnzqlRQmcYK1MSnbn6eyKnkdZZFJjOiOJYL3sz8T+vl+Lwys+5TFIEyRYfDVPhYOzMUnBCroChyAyhTHGzq8PGVFGGJquKCcFbPnmVtM/rnlv37i5qjesijjI5JifkjHjkkjTILWmSFmEkJc/klbxZT9aL9W59LFpLVjFzRP7A+vwBoQOTtA==</latexit><latexit sha1_base64="wr8pPs4XDeYuoEJd/YF0jbU8K+Q=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lspu3SzSbsTsQY+ku8eFDEqz/Fm//GbZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqGLRYLGLVDagGwSW0kKOAbqKARoGATjC5mfmdB1Cax/IeswT8iI4kH3JG0UgDu9pHeMScZeaBENR0YNfcujuHs0q8gtRIgebA/uqHMUsjkMgE1brnuQn6OVXImYBppZ9qSCib0BH0DJU0Au3n88WnzqlRQmcYK1MSnbn6eyKnkdZZFJjOiOJYL3sz8T+vl+Lwys+5TFIEyRYfDVPhYOzMUnBCroChyAyhTHGzq8PGVFGGJquKCcFbPnmVtM/rnlv37i5qjesijjI5JifkjHjkkjTILWmSFmEkJc/klbxZT9aL9W59LFpLVjFzRP7A+vwBoQOTtA==</latexit><latexit sha1_base64="wr8pPs4XDeYuoEJd/YF0jbU8K+Q=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lspu3SzSbsTsQY+ku8eFDEqz/Fm//GbZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqGLRYLGLVDagGwSW0kKOAbqKARoGATjC5mfmdB1Cax/IeswT8iI4kH3JG0UgDu9pHeMScZeaBENR0YNfcujuHs0q8gtRIgebA/uqHMUsjkMgE1brnuQn6OVXImYBppZ9qSCib0BH0DJU0Au3n88WnzqlRQmcYK1MSnbn6eyKnkdZZFJjOiOJYL3sz8T+vl+Lwys+5TFIEyRYfDVPhYOzMUnBCroChyAyhTHGzq8PGVFGGJquKCcFbPnmVtM/rnlv37i5qjesijjI5JifkjHjkkjTILWmSFmEkJc/klbxZT9aL9W59LFpLVjFzRP7A+vwBoQOTtA==</latexit><latexit sha1_base64="wr8pPs4XDeYuoEJd/YF0jbU8K+Q=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lspu3SzSbsTsQY+ku8eFDEqz/Fm//GbZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqGLRYLGLVDagGwSW0kKOAbqKARoGATjC5mfmdB1Cax/IeswT8iI4kH3JG0UgDu9pHeMScZeaBENR0YNfcujuHs0q8gtRIgebA/uqHMUsjkMgE1brnuQn6OVXImYBppZ9qSCib0BH0DJU0Au3n88WnzqlRQmcYK1MSnbn6eyKnkdZZFJjOiOJYL3sz8T+vl+Lwys+5TFIEyRYfDVPhYOzMUnBCroChyAyhTHGzq8PGVFGGJquKCcFbPnmVtM/rnlv37i5qjesijjI5JifkjHjkkjTILWmSFmEkJc/klbxZT9aL9W59LFpLVjFzRP7A+vwBoQOTtA==</latexit>

k1
<latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit><latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit><latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit><latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit>

k2
<latexit sha1_base64="iR+qAF2Hj9H8E/BHBQzwz7ORs+k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD5V42U</latexit><latexit sha1_base64="iR+qAF2Hj9H8E/BHBQzwz7ORs+k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD5V42U</latexit><latexit sha1_base64="iR+qAF2Hj9H8E/BHBQzwz7ORs+k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD5V42U</latexit><latexit sha1_base64="iR+qAF2Hj9H8E/BHBQzwz7ORs+k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD5V42U</latexit>

kn
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see also [Brandhuber, Spence, Travaglini, Yang]
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