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▸ Bottom line: we need precise measurements and predictions!

▸ What are the tools at the theorist’s disposal to achieve this?



FIXED ORDER AT WORK

PERTURBATIVE QCD
▸ Our first method of choice: perturbation theory 
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<latexit sha1_base64="9nRsG6G2vfz4eqHVluITE/NlaU4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0UQhJDU1sdGCm5ctmAf0IYymd60YyeTMDMRSugXuHGhiFs/yZ1/47SNoKIHLhzOuZd77/FjzpR2nA8rt7S8srqWXy9sbG5t7xR391oqSiSFJo14JDs+UcCZgKZmmkMnlkBCn0PbH1/P/PY9SMUicasnMXghGQoWMEq0kRon/WLJsctutXxWxQty6WakUsGu7cxRQhnq/eJ7bxDRJAShKSdKdV0n1l5KpGaUw7TQSxTEhI7JELqGChKC8tL5oVN8ZJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6ODCS5mIEw2CLhYFCcc6wrOv8YBJoJpPDCFUMnMrpiMiCdUmm4IJ4etT/D9plW331K42KqXaVRZHHh2gQ3SMXHSOaugG1VETUQToAT2hZ+vOerRerNdFa87KZvbRD1hvn8f2jO0=</latexit>

NNLO ⇠ ↵2
s

<latexit sha1_base64="U4eCIaN+sMANH4fYUOy8YNp5UfU=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5DEtuqu4MZlBfuAJobJdNIOnUnCzESooV/ixoUibv0Ud/6N0zaCih64cDjnXu69J0wZlcq2P4zSyura+kZ5s7K1vbNbNff2uzLJBCYdnLBE9EMkCaMx6SiqGOmngiAeMtILJ5dzv3dHhKRJfKOmKfE5GsU0ohgpLQVm1ZOUQw+xdIwCeesGZs22XKfhNhtwSS6cgtTr0LHsBWqgQDsw371hgjNOYoUZknLg2KnycyQUxYzMKl4mSYrwBI3IQNMYcSL9fHH4DB5rZQijROiKFVyo3ydyxKWc8lB3cqTG8rc3F//yBpmKzv2cxmmmSIyXi6KMQZXAeQpwSAXBik01QVhQfSvEYyQQVjqrig7h61P4P+m6lnNqNa7rtVaziKMMDsEROAEOOAMtcAXaoAMwyMADeALPxr3xaLwYr8vWklHMHIAfMN4+AY0NkwA=</latexit>

=<latexit sha1_base64="RK99he5lV0rIgZjXbpLs+osDJEg=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFZLa+lgoBTcuW7APaEOZTG/asZNJmJkIJfQL3LhQxK2f5M6/cdpGUNEDFw7n3Mu99/gxZ0o7zoeVW1peWV3Lrxc2Nre2d4q7ey0VJZJCk0Y8kh2fKOBMQFMzzaETSyChz6Htj69nfvsepGKRuNWTGLyQDAULGCXaSI3LfrHk2GW3Wj6t4gW5cDNSqWDXduYooQz1fvG9N4hoEoLQlBOluq4Tay8lUjPKYVroJQpiQsdkCF1DBQlBeen80Ck+MsoAB5E0JTSeq98nUhIqNQl90xkSPVK/vZn4l9dNdHDupUzEiQZBF4uChGMd4dnXeMAkUM0nhhAqmbkV0xGRhGqTTcGE8PUp/p+0yrZ7YlcblVLtKosjjw7QITpGLjpDNXSD6qiJKAL0gJ7Qs3VnPVov1uuiNWdlM/voB6y3T+M+jP8=</latexit>

LO ⇠ 1
<latexit sha1_base64="seUJE4XIpAdovTphEkE1rvQ/YrU=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbB07Jb26q3ghePFewHtEvJptk2NskuSVYopf/BiwdFvPp/vPlvTNsVVPTBwOO9GWbmhQln2njeh5NbWV1b38hvFra2d3b3ivsHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8dXcb99TpVksb80koYHAQ8kiRrCxUqunmUB+v1jy3LJfLdeqaEku/YxUKsh3vQVKkKHRL773BjFJBZWGcKx11/cSE0yxMoxwOiv0Uk0TTMZ4SLuWSiyoDqaLa2foxCoDFMXKljRooX6fmGKh9USEtlNgM9K/vbn4l9dNTXQRTJlMUkMlWS6KUo5MjOavowFTlBg+sQQTxeytiIywwsTYgAo2hK9P0f+kVXb9M7d6UynVa1kceTiCYzgFH86hDtfQgCYQuIMHeIJnJ3YenRfnddmac7KZQ/gB5+0TO8uO4g==</latexit>

↵s ⇠ 0.1
<latexit sha1_base64="EQDtUr6OmkImM7zLCcAsRC9iIBc=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSppa2rghuXFewDmhAm00k7dPJgZqKU2E9x40IRt36JO//GSVpBRQ9cOJxzL/fe4yeMCmmaH1ppbX1jc6u8XdnZ3ds/0KuHfRGnHJMejlnMhz4ShNGI9CSVjAwTTlDoMzLwZ5e5P7glXNA4upHzhLghmkQ0oBhJJXl61UEsmSJPQEfQEJqG5ek107Ats9G2YU7adrNdkIZZb0HLMAvUwApdT393xjFOQxJJzJAQI8tMpJshLilmZFFxUkEShGdoQkaKRigkws2K0xfwVCljGMRcVSRhoX6fyFAoxDz0VWeI5FT89nLxL2+UyqDlZjRKUkkivFwUpAzKGOY5wDHlBEs2VwRhTtWtEE8RR1iqtCoqhK9P4f+kbxtW3Whcn9c6F6s4yuAYnIAzYIEm6IAr0AU9gMEdeABP4Fm71x61F+112VrSVjNH4Ae0t08fmZNA</latexit>

▸ Corrections are typically increasingly small since             
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+
<latexit sha1_base64="9nRsG6G2vfz4eqHVluITE/NlaU4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0UQhJDU1sdGCm5ctmAf0IYymd60YyeTMDMRSugXuHGhiFs/yZ1/47SNoKIHLhzOuZd77/FjzpR2nA8rt7S8srqWXy9sbG5t7xR391oqSiSFJo14JDs+UcCZgKZmmkMnlkBCn0PbH1/P/PY9SMUicasnMXghGQoWMEq0kRon/WLJsctutXxWxQty6WakUsGu7cxRQhnq/eJ7bxDRJAShKSdKdV0n1l5KpGaUw7TQSxTEhI7JELqGChKC8tL5oVN8ZJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6ODCS5mIEw2CLhYFCcc6wrOv8YBJoJpPDCFUMnMrpiMiCdUmm4IJ4etT/D9plW331K42KqXaVRZHHh2gQ3SMXHSOaugG1VETUQToAT2hZ+vOerRerNdFa87KZvbRD1hvn8f2jO0=</latexit>

NLO ⇠ ↵s
<latexit sha1_base64="TVivu3DrTxD7OSplnBH1r4FCbVY=">AAAB9HicdVBNS8NAEJ34WetX1aOXxSJ4Ckltq94KXjxWsB/QhLLZbtqlm03c3RRK6O/w4kERr/4Yb/4bt20EFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaC8fXc70yoVCwWd3qaUD/CQ8FCRrA2ku8pFiEP82SE+6pfKjt2xa1V6jW0JFduTqpV5NrOAmXI0eyX3r1BTNKICk04VqrnOon2Myw1I5zOil6qaILJGA9pz1CBI6r8bHH0DJ0aZYDCWJoSGi3U7xMZjpSaRoHpjLAeqd/eXPzL66U6vPQzJpJUU0GWi8KUIx2jeQJowCQlmk8NwUQycysiIywx0Sanognh61P0P2lXbPfcrt1Wy416HkcBjuEEzsCFC2jADTShBQTu4QGe4NmaWI/Wi/W6bF2x8pkj+AHr7RPmsJIr</latexit>

· · ·<latexit sha1_base64="DHjJayjzq/Kcf/eiysf4VDEz7V4=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiS19bGRghuXFewD2lAmk0k7dpIJMxOhhP6DGxeKuPV/3Pk3TtsIKnrgwuGce7n3Hj/hTGnH+bAKS8srq2vF9dLG5tb2Tnl3r61EKgltEcGF7PpYUc5i2tJMc9pNJMWRz2nHH1/N/M49lYqJ+FZPEupFeBizkBGsjdTuk0BoNShXHLvq1qundbQgF25OajXk2s4cFcjRHJTf+4EgaURjTThWquc6ifYyLDUjnE5L/VTRBJMxHtKeoTGOqPKy+bVTdGSUAIVCmoo1mqvfJzIcKTWJfNMZYT1Sv72Z+JfXS3V47mUsTlJNY7JYFKYcaYFmr6OASUo0nxiCiWTmVkRGWGKiTUAlE8LXp+h/0q7a7oldv6lVGpd5HEU4gEM4BhfOoAHX0IQWELiDB3iCZ0tYj9aL9bpoLVj5zD78gPX2CQTXj20=</latexit>+
<latexit sha1_base64="9nRsG6G2vfz4eqHVluITE/NlaU4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0UQhJDU1sdGCm5ctmAf0IYymd60YyeTMDMRSugXuHGhiFs/yZ1/47SNoKIHLhzOuZd77/FjzpR2nA8rt7S8srqWXy9sbG5t7xR391oqSiSFJo14JDs+UcCZgKZmmkMnlkBCn0PbH1/P/PY9SMUicasnMXghGQoWMEq0kRon/WLJsctutXxWxQty6WakUsGu7cxRQhnq/eJ7bxDRJAShKSdKdV0n1l5KpGaUw7TQSxTEhI7JELqGChKC8tL5oVN8ZJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6ODCS5mIEw2CLhYFCcc6wrOv8YBJoJpPDCFUMnMrpiMiCdUmm4IJ4etT/D9plW331K42KqXaVRZHHh2gQ3SMXHSOaugG1VETUQToAT2hZ+vOerRerNdFa87KZvbRD1hvn8f2jO0=</latexit>

+
<latexit sha1_base64="9nRsG6G2vfz4eqHVluITE/NlaU4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0UQhJDU1sdGCm5ctmAf0IYymd60YyeTMDMRSugXuHGhiFs/yZ1/47SNoKIHLhzOuZd77/FjzpR2nA8rt7S8srqWXy9sbG5t7xR391oqSiSFJo14JDs+UcCZgKZmmkMnlkBCn0PbH1/P/PY9SMUicasnMXghGQoWMEq0kRon/WLJsctutXxWxQty6WakUsGu7cxRQhnq/eJ7bxDRJAShKSdKdV0n1l5KpGaUw7TQSxTEhI7JELqGChKC8tL5oVN8ZJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6ODCS5mIEw2CLhYFCcc6wrOv8YBJoJpPDCFUMnMrpiMiCdUmm4IJ4etT/D9plW331K42KqXaVRZHHh2gQ3SMXHSOaugG1VETUQToAT2hZ+vOerRerNdFa87KZvbRD1hvn8f2jO0=</latexit>

NNLO ⇠ ↵2
s

<latexit sha1_base64="U4eCIaN+sMANH4fYUOy8YNp5UfU=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5DEtuqu4MZlBfuAJobJdNIOnUnCzESooV/ixoUibv0Ud/6N0zaCih64cDjnXu69J0wZlcq2P4zSyura+kZ5s7K1vbNbNff2uzLJBCYdnLBE9EMkCaMx6SiqGOmngiAeMtILJ5dzv3dHhKRJfKOmKfE5GsU0ohgpLQVm1ZOUQw+xdIwCeesGZs22XKfhNhtwSS6cgtTr0LHsBWqgQDsw371hgjNOYoUZknLg2KnycyQUxYzMKl4mSYrwBI3IQNMYcSL9fHH4DB5rZQijROiKFVyo3ydyxKWc8lB3cqTG8rc3F//yBpmKzv2cxmmmSIyXi6KMQZXAeQpwSAXBik01QVhQfSvEYyQQVjqrig7h61P4P+m6lnNqNa7rtVaziKMMDsEROAEOOAMtcAXaoAMwyMADeALPxr3xaLwYr8vWklHMHIAfMN4+AY0NkwA=</latexit>

=<latexit sha1_base64="RK99he5lV0rIgZjXbpLs+osDJEg=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFZLa+lgoBTcuW7APaEOZTG/asZNJmJkIJfQL3LhQxK2f5M6/cdpGUNEDFw7n3Mu99/gxZ0o7zoeVW1peWV3Lrxc2Nre2d4q7ey0VJZJCk0Y8kh2fKOBMQFMzzaETSyChz6Htj69nfvsepGKRuNWTGLyQDAULGCXaSI3LfrHk2GW3Wj6t4gW5cDNSqWDXduYooQz1fvG9N4hoEoLQlBOluq4Tay8lUjPKYVroJQpiQsdkCF1DBQlBeen80Ck+MsoAB5E0JTSeq98nUhIqNQl90xkSPVK/vZn4l9dNdHDupUzEiQZBF4uChGMd4dnXeMAkUM0nhhAqmbkV0xGRhGqTTcGE8PUp/p+0yrZ7YlcblVLtKosjjw7QITpGLjpDNXSD6qiJKAL0gJ7Qs3VnPVov1uuiNWdlM/voB6y3T+M+jP8=</latexit>

LO ⇠ 1
<latexit sha1_base64="seUJE4XIpAdovTphEkE1rvQ/YrU=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbB07Jb26q3ghePFewHtEvJptk2NskuSVYopf/BiwdFvPp/vPlvTNsVVPTBwOO9GWbmhQln2njeh5NbWV1b38hvFra2d3b3ivsHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8dXcb99TpVksb80koYHAQ8kiRrCxUqunmUB+v1jy3LJfLdeqaEku/YxUKsh3vQVKkKHRL773BjFJBZWGcKx11/cSE0yxMoxwOiv0Uk0TTMZ4SLuWSiyoDqaLa2foxCoDFMXKljRooX6fmGKh9USEtlNgM9K/vbn4l9dNTXQRTJlMUkMlWS6KUo5MjOavowFTlBg+sQQTxeytiIywwsTYgAo2hK9P0f+kVXb9M7d6UynVa1kceTiCYzgFH86hDtfQgCYQuIMHeIJnJ3YenRfnddmac7KZQ/gB5+0TO8uO4g==</latexit>

▸ Example: single Higgs production

↵s ⇠ 0.1
<latexit sha1_base64="EQDtUr6OmkImM7zLCcAsRC9iIBc=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSppa2rghuXFewDmhAm00k7dPJgZqKU2E9x40IRt36JO//GSVpBRQ9cOJxzL/fe4yeMCmmaH1ppbX1jc6u8XdnZ3ds/0KuHfRGnHJMejlnMhz4ShNGI9CSVjAwTTlDoMzLwZ5e5P7glXNA4upHzhLghmkQ0oBhJJXl61UEsmSJPQEfQEJqG5ek107Ats9G2YU7adrNdkIZZb0HLMAvUwApdT393xjFOQxJJzJAQI8tMpJshLilmZFFxUkEShGdoQkaKRigkws2K0xfwVCljGMRcVSRhoX6fyFAoxDz0VWeI5FT89nLxL2+UyqDlZjRKUkkivFwUpAzKGOY5wDHlBEs2VwRhTtWtEE8RR1iqtCoqhK9P4f+kbxtW3Whcn9c6F6s4yuAYnIAzYIEm6IAr0AU9gMEdeABP4Fm71x61F+112VrSVjNH4Ae0t08fmZNA</latexit>

▸ Corrections are typically increasingly small since             
[Anastasiou et. al., 2015]
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+
<latexit sha1_base64="9nRsG6G2vfz4eqHVluITE/NlaU4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0UQhJDU1sdGCm5ctmAf0IYymd60YyeTMDMRSugXuHGhiFs/yZ1/47SNoKIHLhzOuZd77/FjzpR2nA8rt7S8srqWXy9sbG5t7xR391oqSiSFJo14JDs+UcCZgKZmmkMnlkBCn0PbH1/P/PY9SMUicasnMXghGQoWMEq0kRon/WLJsctutXxWxQty6WakUsGu7cxRQhnq/eJ7bxDRJAShKSdKdV0n1l5KpGaUw7TQSxTEhI7JELqGChKC8tL5oVN8ZJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6ODCS5mIEw2CLhYFCcc6wrOv8YBJoJpPDCFUMnMrpiMiCdUmm4IJ4etT/D9plW331K42KqXaVRZHHh2gQ3SMXHSOaugG1VETUQToAT2hZ+vOerRerNdFa87KZvbRD1hvn8f2jO0=</latexit>

NLO ⇠ ↵s
<latexit sha1_base64="TVivu3DrTxD7OSplnBH1r4FCbVY=">AAAB9HicdVBNS8NAEJ34WetX1aOXxSJ4Ckltq94KXjxWsB/QhLLZbtqlm03c3RRK6O/w4kERr/4Yb/4bt20EFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaC8fXc70yoVCwWd3qaUD/CQ8FCRrA2ku8pFiEP82SE+6pfKjt2xa1V6jW0JFduTqpV5NrOAmXI0eyX3r1BTNKICk04VqrnOon2Myw1I5zOil6qaILJGA9pz1CBI6r8bHH0DJ0aZYDCWJoSGi3U7xMZjpSaRoHpjLAeqd/eXPzL66U6vPQzJpJUU0GWi8KUIx2jeQJowCQlmk8NwUQycysiIywx0Sanognh61P0P2lXbPfcrt1Wy416HkcBjuEEzsCFC2jADTShBQTu4QGe4NmaWI/Wi/W6bF2x8pkj+AHr7RPmsJIr</latexit>

· · ·<latexit sha1_base64="DHjJayjzq/Kcf/eiysf4VDEz7V4=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiS19bGRghuXFewD2lAmk0k7dpIJMxOhhP6DGxeKuPV/3Pk3TtsIKnrgwuGce7n3Hj/hTGnH+bAKS8srq2vF9dLG5tb2Tnl3r61EKgltEcGF7PpYUc5i2tJMc9pNJMWRz2nHH1/N/M49lYqJ+FZPEupFeBizkBGsjdTuk0BoNShXHLvq1qundbQgF25OajXk2s4cFcjRHJTf+4EgaURjTThWquc6ifYyLDUjnE5L/VTRBJMxHtKeoTGOqPKy+bVTdGSUAIVCmoo1mqvfJzIcKTWJfNMZYT1Sv72Z+JfXS3V47mUsTlJNY7JYFKYcaYFmr6OASUo0nxiCiWTmVkRGWGKiTUAlE8LXp+h/0q7a7oldv6lVGpd5HEU4gEM4BhfOoAHX0IQWELiDB3iCZ0tYj9aL9bpoLVj5zD78gPX2CQTXj20=</latexit>+
<latexit sha1_base64="9nRsG6G2vfz4eqHVluITE/NlaU4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0UQhJDU1sdGCm5ctmAf0IYymd60YyeTMDMRSugXuHGhiFs/yZ1/47SNoKIHLhzOuZd77/FjzpR2nA8rt7S8srqWXy9sbG5t7xR391oqSiSFJo14JDs+UcCZgKZmmkMnlkBCn0PbH1/P/PY9SMUicasnMXghGQoWMEq0kRon/WLJsctutXxWxQty6WakUsGu7cxRQhnq/eJ7bxDRJAShKSdKdV0n1l5KpGaUw7TQSxTEhI7JELqGChKC8tL5oVN8ZJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6ODCS5mIEw2CLhYFCcc6wrOv8YBJoJpPDCFUMnMrpiMiCdUmm4IJ4etT/D9plW331K42KqXaVRZHHh2gQ3SMXHSOaugG1VETUQToAT2hZ+vOerRerNdFa87KZvbRD1hvn8f2jO0=</latexit>

+
<latexit sha1_base64="9nRsG6G2vfz4eqHVluITE/NlaU4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0UQhJDU1sdGCm5ctmAf0IYymd60YyeTMDMRSugXuHGhiFs/yZ1/47SNoKIHLhzOuZd77/FjzpR2nA8rt7S8srqWXy9sbG5t7xR391oqSiSFJo14JDs+UcCZgKZmmkMnlkBCn0PbH1/P/PY9SMUicasnMXghGQoWMEq0kRon/WLJsctutXxWxQty6WakUsGu7cxRQhnq/eJ7bxDRJAShKSdKdV0n1l5KpGaUw7TQSxTEhI7JELqGChKC8tL5oVN8ZJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6ODCS5mIEw2CLhYFCcc6wrOv8YBJoJpPDCFUMnMrpiMiCdUmm4IJ4etT/D9plW331K42KqXaVRZHHh2gQ3SMXHSOaugG1VETUQToAT2hZ+vOerRerNdFa87KZvbRD1hvn8f2jO0=</latexit>

NNLO ⇠ ↵2
s

<latexit sha1_base64="U4eCIaN+sMANH4fYUOy8YNp5UfU=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5DEtuqu4MZlBfuAJobJdNIOnUnCzESooV/ixoUibv0Ud/6N0zaCih64cDjnXu69J0wZlcq2P4zSyura+kZ5s7K1vbNbNff2uzLJBCYdnLBE9EMkCaMx6SiqGOmngiAeMtILJ5dzv3dHhKRJfKOmKfE5GsU0ohgpLQVm1ZOUQw+xdIwCeesGZs22XKfhNhtwSS6cgtTr0LHsBWqgQDsw371hgjNOYoUZknLg2KnycyQUxYzMKl4mSYrwBI3IQNMYcSL9fHH4DB5rZQijROiKFVyo3ydyxKWc8lB3cqTG8rc3F//yBpmKzv2cxmmmSIyXi6KMQZXAeQpwSAXBik01QVhQfSvEYyQQVjqrig7h61P4P+m6lnNqNa7rtVaziKMMDsEROAEOOAMtcAXaoAMwyMADeALPxr3xaLwYr8vWklHMHIAfMN4+AY0NkwA=</latexit>

=<latexit sha1_base64="RK99he5lV0rIgZjXbpLs+osDJEg=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFZLa+lgoBTcuW7APaEOZTG/asZNJmJkIJfQL3LhQxK2f5M6/cdpGUNEDFw7n3Mu99/gxZ0o7zoeVW1peWV3Lrxc2Nre2d4q7ey0VJZJCk0Y8kh2fKOBMQFMzzaETSyChz6Htj69nfvsepGKRuNWTGLyQDAULGCXaSI3LfrHk2GW3Wj6t4gW5cDNSqWDXduYooQz1fvG9N4hoEoLQlBOluq4Tay8lUjPKYVroJQpiQsdkCF1DBQlBeen80Ck+MsoAB5E0JTSeq98nUhIqNQl90xkSPVK/vZn4l9dNdHDupUzEiQZBF4uChGMd4dnXeMAkUM0nhhAqmbkV0xGRhGqTTcGE8PUp/p+0yrZ7YlcblVLtKosjjw7QITpGLjpDNXSD6qiJKAL0gJ7Qs3VnPVov1uuiNWdlM/voB6y3T+M+jP8=</latexit>

LO ⇠ 1
<latexit sha1_base64="seUJE4XIpAdovTphEkE1rvQ/YrU=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbB07Jb26q3ghePFewHtEvJptk2NskuSVYopf/BiwdFvPp/vPlvTNsVVPTBwOO9GWbmhQln2njeh5NbWV1b38hvFra2d3b3ivsHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8dXcb99TpVksb80koYHAQ8kiRrCxUqunmUB+v1jy3LJfLdeqaEku/YxUKsh3vQVKkKHRL773BjFJBZWGcKx11/cSE0yxMoxwOiv0Uk0TTMZ4SLuWSiyoDqaLa2foxCoDFMXKljRooX6fmGKh9USEtlNgM9K/vbn4l9dNTXQRTJlMUkMlWS6KUo5MjOavowFTlBg+sQQTxeytiIywwsTYgAo2hK9P0f+kVXb9M7d6UynVa1kceTiCYzgFH86hDtfQgCYQuIMHeIJnJ3YenRfnddmac7KZQ/gB5+0TO8uO4g==</latexit>

▸ Example: single Higgs production

1. Great convergence of series

↵s ⇠ 0.1
<latexit sha1_base64="EQDtUr6OmkImM7zLCcAsRC9iIBc=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSppa2rghuXFewDmhAm00k7dPJgZqKU2E9x40IRt36JO//GSVpBRQ9cOJxzL/fe4yeMCmmaH1ppbX1jc6u8XdnZ3ds/0KuHfRGnHJMejlnMhz4ShNGI9CSVjAwTTlDoMzLwZ5e5P7glXNA4upHzhLghmkQ0oBhJJXl61UEsmSJPQEfQEJqG5ek107Ats9G2YU7adrNdkIZZb0HLMAvUwApdT393xjFOQxJJzJAQI8tMpJshLilmZFFxUkEShGdoQkaKRigkws2K0xfwVCljGMRcVSRhoX6fyFAoxDz0VWeI5FT89nLxL2+UyqDlZjRKUkkivFwUpAzKGOY5wDHlBEs2VwRhTtWtEE8RR1iqtCoqhK9P4f+kbxtW3Whcn9c6F6s4yuAYnIAzYIEm6IAr0AU9gMEdeABP4Fm71x61F+112VrSVjNH4Ae0t08fmZNA</latexit>

▸ Corrections are typically increasingly small since             
[Anastasiou et. al., 2015]



FIXED ORDER AT WORK

PERTURBATIVE QCD
▸ Our first method of choice: perturbation theory 

J.S. Sinninghe DamstéTheorist’s tools for precision physics Jamboree 2019

+
<latexit sha1_base64="9nRsG6G2vfz4eqHVluITE/NlaU4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0UQhJDU1sdGCm5ctmAf0IYymd60YyeTMDMRSugXuHGhiFs/yZ1/47SNoKIHLhzOuZd77/FjzpR2nA8rt7S8srqWXy9sbG5t7xR391oqSiSFJo14JDs+UcCZgKZmmkMnlkBCn0PbH1/P/PY9SMUicasnMXghGQoWMEq0kRon/WLJsctutXxWxQty6WakUsGu7cxRQhnq/eJ7bxDRJAShKSdKdV0n1l5KpGaUw7TQSxTEhI7JELqGChKC8tL5oVN8ZJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6ODCS5mIEw2CLhYFCcc6wrOv8YBJoJpPDCFUMnMrpiMiCdUmm4IJ4etT/D9plW331K42KqXaVRZHHh2gQ3SMXHSOaugG1VETUQToAT2hZ+vOerRerNdFa87KZvbRD1hvn8f2jO0=</latexit>

NLO ⇠ ↵s
<latexit sha1_base64="TVivu3DrTxD7OSplnBH1r4FCbVY=">AAAB9HicdVBNS8NAEJ34WetX1aOXxSJ4Ckltq94KXjxWsB/QhLLZbtqlm03c3RRK6O/w4kERr/4Yb/4bt20EFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaC8fXc70yoVCwWd3qaUD/CQ8FCRrA2ku8pFiEP82SE+6pfKjt2xa1V6jW0JFduTqpV5NrOAmXI0eyX3r1BTNKICk04VqrnOon2Myw1I5zOil6qaILJGA9pz1CBI6r8bHH0DJ0aZYDCWJoSGi3U7xMZjpSaRoHpjLAeqd/eXPzL66U6vPQzJpJUU0GWi8KUIx2jeQJowCQlmk8NwUQycysiIywx0Sanognh61P0P2lXbPfcrt1Wy416HkcBjuEEzsCFC2jADTShBQTu4QGe4NmaWI/Wi/W6bF2x8pkj+AHr7RPmsJIr</latexit>

· · ·<latexit sha1_base64="DHjJayjzq/Kcf/eiysf4VDEz7V4=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiS19bGRghuXFewD2lAmk0k7dpIJMxOhhP6DGxeKuPV/3Pk3TtsIKnrgwuGce7n3Hj/hTGnH+bAKS8srq2vF9dLG5tb2Tnl3r61EKgltEcGF7PpYUc5i2tJMc9pNJMWRz2nHH1/N/M49lYqJ+FZPEupFeBizkBGsjdTuk0BoNShXHLvq1qundbQgF25OajXk2s4cFcjRHJTf+4EgaURjTThWquc6ifYyLDUjnE5L/VTRBJMxHtKeoTGOqPKy+bVTdGSUAIVCmoo1mqvfJzIcKTWJfNMZYT1Sv72Z+JfXS3V47mUsTlJNY7JYFKYcaYFmr6OASUo0nxiCiWTmVkRGWGKiTUAlE8LXp+h/0q7a7oldv6lVGpd5HEU4gEM4BhfOoAHX0IQWELiDB3iCZ0tYj9aL9bpoLVj5zD78gPX2CQTXj20=</latexit>+
<latexit sha1_base64="9nRsG6G2vfz4eqHVluITE/NlaU4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0UQhJDU1sdGCm5ctmAf0IYymd60YyeTMDMRSugXuHGhiFs/yZ1/47SNoKIHLhzOuZd77/FjzpR2nA8rt7S8srqWXy9sbG5t7xR391oqSiSFJo14JDs+UcCZgKZmmkMnlkBCn0PbH1/P/PY9SMUicasnMXghGQoWMEq0kRon/WLJsctutXxWxQty6WakUsGu7cxRQhnq/eJ7bxDRJAShKSdKdV0n1l5KpGaUw7TQSxTEhI7JELqGChKC8tL5oVN8ZJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6ODCS5mIEw2CLhYFCcc6wrOv8YBJoJpPDCFUMnMrpiMiCdUmm4IJ4etT/D9plW331K42KqXaVRZHHh2gQ3SMXHSOaugG1VETUQToAT2hZ+vOerRerNdFa87KZvbRD1hvn8f2jO0=</latexit>

+
<latexit sha1_base64="9nRsG6G2vfz4eqHVluITE/NlaU4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0UQhJDU1sdGCm5ctmAf0IYymd60YyeTMDMRSugXuHGhiFs/yZ1/47SNoKIHLhzOuZd77/FjzpR2nA8rt7S8srqWXy9sbG5t7xR391oqSiSFJo14JDs+UcCZgKZmmkMnlkBCn0PbH1/P/PY9SMUicasnMXghGQoWMEq0kRon/WLJsctutXxWxQty6WakUsGu7cxRQhnq/eJ7bxDRJAShKSdKdV0n1l5KpGaUw7TQSxTEhI7JELqGChKC8tL5oVN8ZJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6ODCS5mIEw2CLhYFCcc6wrOv8YBJoJpPDCFUMnMrpiMiCdUmm4IJ4etT/D9plW331K42KqXaVRZHHh2gQ3SMXHSOaugG1VETUQToAT2hZ+vOerRerNdFa87KZvbRD1hvn8f2jO0=</latexit>

NNLO ⇠ ↵2
s

<latexit sha1_base64="U4eCIaN+sMANH4fYUOy8YNp5UfU=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5DEtuqu4MZlBfuAJobJdNIOnUnCzESooV/ixoUibv0Ud/6N0zaCih64cDjnXu69J0wZlcq2P4zSyura+kZ5s7K1vbNbNff2uzLJBCYdnLBE9EMkCaMx6SiqGOmngiAeMtILJ5dzv3dHhKRJfKOmKfE5GsU0ohgpLQVm1ZOUQw+xdIwCeesGZs22XKfhNhtwSS6cgtTr0LHsBWqgQDsw371hgjNOYoUZknLg2KnycyQUxYzMKl4mSYrwBI3IQNMYcSL9fHH4DB5rZQijROiKFVyo3ydyxKWc8lB3cqTG8rc3F//yBpmKzv2cxmmmSIyXi6KMQZXAeQpwSAXBik01QVhQfSvEYyQQVjqrig7h61P4P+m6lnNqNa7rtVaziKMMDsEROAEOOAMtcAXaoAMwyMADeALPxr3xaLwYr8vWklHMHIAfMN4+AY0NkwA=</latexit>

=<latexit sha1_base64="RK99he5lV0rIgZjXbpLs+osDJEg=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFZLa+lgoBTcuW7APaEOZTG/asZNJmJkIJfQL3LhQxK2f5M6/cdpGUNEDFw7n3Mu99/gxZ0o7zoeVW1peWV3Lrxc2Nre2d4q7ey0VJZJCk0Y8kh2fKOBMQFMzzaETSyChz6Htj69nfvsepGKRuNWTGLyQDAULGCXaSI3LfrHk2GW3Wj6t4gW5cDNSqWDXduYooQz1fvG9N4hoEoLQlBOluq4Tay8lUjPKYVroJQpiQsdkCF1DBQlBeen80Ck+MsoAB5E0JTSeq98nUhIqNQl90xkSPVK/vZn4l9dNdHDupUzEiQZBF4uChGMd4dnXeMAkUM0nhhAqmbkV0xGRhGqTTcGE8PUp/p+0yrZ7YlcblVLtKosjjw7QITpGLjpDNXSD6qiJKAL0gJ7Qs3VnPVov1uuiNWdlM/voB6y3T+M+jP8=</latexit>

LO ⇠ 1
<latexit sha1_base64="seUJE4XIpAdovTphEkE1rvQ/YrU=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbB07Jb26q3ghePFewHtEvJptk2NskuSVYopf/BiwdFvPp/vPlvTNsVVPTBwOO9GWbmhQln2njeh5NbWV1b38hvFra2d3b3ivsHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8dXcb99TpVksb80koYHAQ8kiRrCxUqunmUB+v1jy3LJfLdeqaEku/YxUKsh3vQVKkKHRL773BjFJBZWGcKx11/cSE0yxMoxwOiv0Uk0TTMZ4SLuWSiyoDqaLa2foxCoDFMXKljRooX6fmGKh9USEtlNgM9K/vbn4l9dNTXQRTJlMUkMlWS6KUo5MjOavowFTlBg+sQQTxeytiIywwsTYgAo2hK9P0f+kVXb9M7d6UynVa1kceTiCYzgFH86hDtfQgCYQuIMHeIJnJ3YenRfnddmac7KZQ/gB5+0TO8uO4g==</latexit>

▸ Example: single Higgs production

1. Great convergence of series

2. Very precise prediction at N3LO

↵s ⇠ 0.1
<latexit sha1_base64="EQDtUr6OmkImM7zLCcAsRC9iIBc=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiSppa2rghuXFewDmhAm00k7dPJgZqKU2E9x40IRt36JO//GSVpBRQ9cOJxzL/fe4yeMCmmaH1ppbX1jc6u8XdnZ3ds/0KuHfRGnHJMejlnMhz4ShNGI9CSVjAwTTlDoMzLwZ5e5P7glXNA4upHzhLghmkQ0oBhJJXl61UEsmSJPQEfQEJqG5ek107Ats9G2YU7adrNdkIZZb0HLMAvUwApdT393xjFOQxJJzJAQI8tMpJshLilmZFFxUkEShGdoQkaKRigkws2K0xfwVCljGMRcVSRhoX6fyFAoxDz0VWeI5FT89nLxL2+UyqDlZjRKUkkivFwUpAzKGOY5wDHlBEs2VwRhTtWtEE8RR1iqtCoqhK9P4f+kbxtW3Whcn9c6F6s4yuAYnIAzYIEm6IAr0AU9gMEdeABP4Fm71x61F+112VrSVjNH4Ae0t08fmZNA</latexit>

▸ Corrections are typically increasingly small since             
[Anastasiou et. al., 2015]



FIXED ORDER TROUBLE

LOGS LOOMING LARGE

J.S. Sinninghe DamstéTheorist’s tools for precision physics Jamboree 2019

▸ Higher order corrections contain logarithmic terms

· · ·<latexit sha1_base64="DHjJayjzq/Kcf/eiysf4VDEz7V4=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiS19bGRghuXFewD2lAmk0k7dpIJMxOhhP6DGxeKuPV/3Pk3TtsIKnrgwuGce7n3Hj/hTGnH+bAKS8srq2vF9dLG5tb2Tnl3r61EKgltEcGF7PpYUc5i2tJMc9pNJMWRz2nHH1/N/M49lYqJ+FZPEupFeBizkBGsjdTuk0BoNShXHLvq1qundbQgF25OajXk2s4cFcjRHJTf+4EgaURjTThWquc6ifYyLDUjnE5L/VTRBJMxHtKeoTGOqPKy+bVTdGSUAIVCmoo1mqvfJzIcKTWJfNMZYT1Sv72Z+JfXS3V47mUsTlJNY7JYFKYcaYFmr6OASUo0nxiCiWTmVkRGWGKiTUAlE8LXp+h/0q7a7oldv6lVGpd5HEU4gEM4BhfOoAHX0IQWELiDB3iCZ0tYj9aL9bpoLVj5zD78gPX2CQTXj20=</latexit>+
<latexit sha1_base64="9nRsG6G2vfz4eqHVluITE/NlaU4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0UQhJDU1sdGCm5ctmAf0IYymd60YyeTMDMRSugXuHGhiFs/yZ1/47SNoKIHLhzOuZd77/FjzpR2nA8rt7S8srqWXy9sbG5t7xR391oqSiSFJo14JDs+UcCZgKZmmkMnlkBCn0PbH1/P/PY9SMUicasnMXghGQoWMEq0kRon/WLJsctutXxWxQty6WakUsGu7cxRQhnq/eJ7bxDRJAShKSdKdV0n1l5KpGaUw7TQSxTEhI7JELqGChKC8tL5oVN8ZJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6ODCS5mIEw2CLhYFCcc6wrOv8YBJoJpPDCFUMnMrpiMiCdUmm4IJ4etT/D9plW331K42KqXaVRZHHh2gQ3SMXHSOaugG1VETUQToAT2hZ+vOerRerNdFa87KZvbRD1hvn8f2jO0=</latexit>

+
<latexit sha1_base64="9nRsG6G2vfz4eqHVluITE/NlaU4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0UQhJDU1sdGCm5ctmAf0IYymd60YyeTMDMRSugXuHGhiFs/yZ1/47SNoKIHLhzOuZd77/FjzpR2nA8rt7S8srqWXy9sbG5t7xR391oqSiSFJo14JDs+UcCZgKZmmkMnlkBCn0PbH1/P/PY9SMUicasnMXghGQoWMEq0kRon/WLJsctutXxWxQty6WakUsGu7cxRQhnq/eJ7bxDRJAShKSdKdV0n1l5KpGaUw7TQSxTEhI7JELqGChKC8tL5oVN8ZJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6ODCS5mIEw2CLhYFCcc6wrOv8YBJoJpPDCFUMnMrpiMiCdUmm4IJ4etT/D9plW331K42KqXaVRZHHh2gQ3SMXHSOaugG1VETUQToAT2hZ+vOerRerNdFa87KZvbRD1hvn8f2jO0=</latexit>

⇠ ↵s(L
2 + L+ 1)

<latexit sha1_base64="lfGNS0mrlyWUdH9mZc2XXasDSVw=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1iESiEksa26K7hx0UUF+4Amhsl02g6dPJiZCCUU/BU3LhRx63e482+cthFU9MCFwzn3cu89fsyokKb5oeWWlldW1/LrhY3Nre0dfXevLaKEY9LCEYt410eCMBqSlqSSkW7MCQp8Rjr++HLmd+4IFzQKb+QkJm6AhiEdUIykkjz9wBE0cBCLR8gTpcatXW6UrRNPL5qGbVXtWhUuyIWVkUoFWoY5RxFkaHr6u9OPcBKQUGKGhOhZZizdFHFJMSPTgpMIEiM8RkPSUzREARFuOj9/Co+V0oeDiKsKJZyr3ydSFAgxCXzVGSA5Er+9mfiX10vk4NxNaRgnkoR4sWiQMCgjOMsC9iknWLKJIghzqm6FeIQ4wlIlVlAhfH0K/ydt27BOjep1pVivZXHkwSE4AiVggTNQB1egCVoAgxQ8gCfwrN1rj9qL9rpozWnZzD74Ae3tE5CXlIw=</latexit>

+
<latexit sha1_base64="9nRsG6G2vfz4eqHVluITE/NlaU4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0UQhJDU1sdGCm5ctmAf0IYymd60YyeTMDMRSugXuHGhiFs/yZ1/47SNoKIHLhzOuZd77/FjzpR2nA8rt7S8srqWXy9sbG5t7xR391oqSiSFJo14JDs+UcCZgKZmmkMnlkBCn0PbH1/P/PY9SMUicasnMXghGQoWMEq0kRon/WLJsctutXxWxQty6WakUsGu7cxRQhnq/eJ7bxDRJAShKSdKdV0n1l5KpGaUw7TQSxTEhI7JELqGChKC8tL5oVN8ZJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6ODCS5mIEw2CLhYFCcc6wrOv8YBJoJpPDCFUMnMrpiMiCdUmm4IJ4etT/D9plW331K42KqXaVRZHHh2gQ3SMXHSOaugG1VETUQToAT2hZ+vOerRerNdFa87KZvbRD1hvn8f2jO0=</latexit>

=<latexit sha1_base64="RK99he5lV0rIgZjXbpLs+osDJEg=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFZLa+lgoBTcuW7APaEOZTG/asZNJmJkIJfQL3LhQxK2f5M6/cdpGUNEDFw7n3Mu99/gxZ0o7zoeVW1peWV3Lrxc2Nre2d4q7ey0VJZJCk0Y8kh2fKOBMQFMzzaETSyChz6Htj69nfvsepGKRuNWTGLyQDAULGCXaSI3LfrHk2GW3Wj6t4gW5cDNSqWDXduYooQz1fvG9N4hoEoLQlBOluq4Tay8lUjPKYVroJQpiQsdkCF1DBQlBeen80Ck+MsoAB5E0JTSeq98nUhIqNQl90xkSPVK/vZn4l9dNdHDupUzEiQZBF4uChGMd4dnXeMAkUM0nhhAqmbkV0xGRhGqTTcGE8PUp/p+0yrZ7YlcblVLtKosjjw7QITpGLjpDNXSD6qiJKAL0gJ7Qs3VnPVov1uuiNWdlM/voB6y3T+M+jP8=</latexit>

⇠ 1
<latexit sha1_base64="seUJE4XIpAdovTphEkE1rvQ/YrU=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbB07Jb26q3ghePFewHtEvJptk2NskuSVYopf/BiwdFvPp/vPlvTNsVVPTBwOO9GWbmhQln2njeh5NbWV1b38hvFra2d3b3ivsHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8dXcb99TpVksb80koYHAQ8kiRrCxUqunmUB+v1jy3LJfLdeqaEku/YxUKsh3vQVKkKHRL773BjFJBZWGcKx11/cSE0yxMoxwOiv0Uk0TTMZ4SLuWSiyoDqaLa2foxCoDFMXKljRooX6fmGKh9USEtlNgM9K/vbn4l9dNTXQRTJlMUkMlWS6KUo5MjOavowFTlBg+sQQTxeytiIywwsTYgAo2hK9P0f+kVXb9M7d6UynVa1kceTiCYzgFH86hDtfQgCYQuIMHeIJnJ3YenRfnddmac7KZQ/gB5+0TO8uO4g==</latexit> ⇠ ↵2

s(L
4 + · · ·+ 1)

<latexit sha1_base64="//1zNl1ifJ9PhAHCOuLzsDxAsgY=">AAACBXicdVDLSsNAFJ34rPVVdamLwSJUCiWJbdVdwY0LFxXsA5q0TCbTduhkEmYmQgnduPFX3LhQxK3/4M6/cdpGUNEDFw7n3Mu993gRo1KZ5oexsLi0vLKaWcuub2xubed2dpsyjAUmDRyyULQ9JAmjnDQUVYy0I0FQ4DHS8kYXU791S4SkIb9R44i4ARpw2qcYKS31cgeOpIGDWDREPdm1C1fdctHBfqhk0Tru5fJmybYqdrUC5+TcSkm5DK2SOUMepKj3cu+OH+I4IFxhhqTsWGak3AQJRTEjk6wTSxIhPEID0tGUo4BIN5l9MYFHWvFhPxS6uIIz9ftEggIpx4GnOwOkhvK3NxX/8jqx6p+5CeVRrAjH80X9mEEVwmkk0KeCYMXGmiAsqL4V4iESCCsdXFaH8PUp/J807ZJ1Uqpcl/O1ahpHBuyDQ1AAFjgFNXAJ6qABMLgDD+AJPBv3xqPxYrzOWxeMdGYP/IDx9gn7PpeR</latexit>



FIXED ORDER TROUBLE

LOGS LOOMING LARGE

J.S. Sinninghe DamstéTheorist’s tools for precision physics Jamboree 2019

▸ Higher order corrections contain logarithmic terms

▸ Spoils perturbative series in kinematic limits where these logarithms are large

· · ·<latexit sha1_base64="DHjJayjzq/Kcf/eiysf4VDEz7V4=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiS19bGRghuXFewD2lAmk0k7dpIJMxOhhP6DGxeKuPV/3Pk3TtsIKnrgwuGce7n3Hj/hTGnH+bAKS8srq2vF9dLG5tb2Tnl3r61EKgltEcGF7PpYUc5i2tJMc9pNJMWRz2nHH1/N/M49lYqJ+FZPEupFeBizkBGsjdTuk0BoNShXHLvq1qundbQgF25OajXk2s4cFcjRHJTf+4EgaURjTThWquc6ifYyLDUjnE5L/VTRBJMxHtKeoTGOqPKy+bVTdGSUAIVCmoo1mqvfJzIcKTWJfNMZYT1Sv72Z+JfXS3V47mUsTlJNY7JYFKYcaYFmr6OASUo0nxiCiWTmVkRGWGKiTUAlE8LXp+h/0q7a7oldv6lVGpd5HEU4gEM4BhfOoAHX0IQWELiDB3iCZ0tYj9aL9bpoLVj5zD78gPX2CQTXj20=</latexit>+
<latexit sha1_base64="9nRsG6G2vfz4eqHVluITE/NlaU4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0UQhJDU1sdGCm5ctmAf0IYymd60YyeTMDMRSugXuHGhiFs/yZ1/47SNoKIHLhzOuZd77/FjzpR2nA8rt7S8srqWXy9sbG5t7xR391oqSiSFJo14JDs+UcCZgKZmmkMnlkBCn0PbH1/P/PY9SMUicasnMXghGQoWMEq0kRon/WLJsctutXxWxQty6WakUsGu7cxRQhnq/eJ7bxDRJAShKSdKdV0n1l5KpGaUw7TQSxTEhI7JELqGChKC8tL5oVN8ZJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6ODCS5mIEw2CLhYFCcc6wrOv8YBJoJpPDCFUMnMrpiMiCdUmm4IJ4etT/D9plW331K42KqXaVRZHHh2gQ3SMXHSOaugG1VETUQToAT2hZ+vOerRerNdFa87KZvbRD1hvn8f2jO0=</latexit>

+
<latexit sha1_base64="9nRsG6G2vfz4eqHVluITE/NlaU4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0UQhJDU1sdGCm5ctmAf0IYymd60YyeTMDMRSugXuHGhiFs/yZ1/47SNoKIHLhzOuZd77/FjzpR2nA8rt7S8srqWXy9sbG5t7xR391oqSiSFJo14JDs+UcCZgKZmmkMnlkBCn0PbH1/P/PY9SMUicasnMXghGQoWMEq0kRon/WLJsctutXxWxQty6WakUsGu7cxRQhnq/eJ7bxDRJAShKSdKdV0n1l5KpGaUw7TQSxTEhI7JELqGChKC8tL5oVN8ZJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6ODCS5mIEw2CLhYFCcc6wrOv8YBJoJpPDCFUMnMrpiMiCdUmm4IJ4etT/D9plW331K42KqXaVRZHHh2gQ3SMXHSOaugG1VETUQToAT2hZ+vOerRerNdFa87KZvbRD1hvn8f2jO0=</latexit>

⇠ ↵s(L
2 + L+ 1)

<latexit sha1_base64="lfGNS0mrlyWUdH9mZc2XXasDSVw=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1iESiEksa26K7hx0UUF+4Amhsl02g6dPJiZCCUU/BU3LhRx63e482+cthFU9MCFwzn3cu89fsyokKb5oeWWlldW1/LrhY3Nre0dfXevLaKEY9LCEYt410eCMBqSlqSSkW7MCQp8Rjr++HLmd+4IFzQKb+QkJm6AhiEdUIykkjz9wBE0cBCLR8gTpcatXW6UrRNPL5qGbVXtWhUuyIWVkUoFWoY5RxFkaHr6u9OPcBKQUGKGhOhZZizdFHFJMSPTgpMIEiM8RkPSUzREARFuOj9/Co+V0oeDiKsKJZyr3ydSFAgxCXzVGSA5Er+9mfiX10vk4NxNaRgnkoR4sWiQMCgjOMsC9iknWLKJIghzqm6FeIQ4wlIlVlAhfH0K/ydt27BOjep1pVivZXHkwSE4AiVggTNQB1egCVoAgxQ8gCfwrN1rj9qL9rpozWnZzD74Ae3tE5CXlIw=</latexit>

+
<latexit sha1_base64="9nRsG6G2vfz4eqHVluITE/NlaU4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0UQhJDU1sdGCm5ctmAf0IYymd60YyeTMDMRSugXuHGhiFs/yZ1/47SNoKIHLhzOuZd77/FjzpR2nA8rt7S8srqWXy9sbG5t7xR391oqSiSFJo14JDs+UcCZgKZmmkMnlkBCn0PbH1/P/PY9SMUicasnMXghGQoWMEq0kRon/WLJsctutXxWxQty6WakUsGu7cxRQhnq/eJ7bxDRJAShKSdKdV0n1l5KpGaUw7TQSxTEhI7JELqGChKC8tL5oVN8ZJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6ODCS5mIEw2CLhYFCcc6wrOv8YBJoJpPDCFUMnMrpiMiCdUmm4IJ4etT/D9plW331K42KqXaVRZHHh2gQ3SMXHSOaugG1VETUQToAT2hZ+vOerRerNdFa87KZvbRD1hvn8f2jO0=</latexit>

=<latexit sha1_base64="RK99he5lV0rIgZjXbpLs+osDJEg=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFZLa+lgoBTcuW7APaEOZTG/asZNJmJkIJfQL3LhQxK2f5M6/cdpGUNEDFw7n3Mu99/gxZ0o7zoeVW1peWV3Lrxc2Nre2d4q7ey0VJZJCk0Y8kh2fKOBMQFMzzaETSyChz6Htj69nfvsepGKRuNWTGLyQDAULGCXaSI3LfrHk2GW3Wj6t4gW5cDNSqWDXduYooQz1fvG9N4hoEoLQlBOluq4Tay8lUjPKYVroJQpiQsdkCF1DBQlBeen80Ck+MsoAB5E0JTSeq98nUhIqNQl90xkSPVK/vZn4l9dNdHDupUzEiQZBF4uChGMd4dnXeMAkUM0nhhAqmbkV0xGRhGqTTcGE8PUp/p+0yrZ7YlcblVLtKosjjw7QITpGLjpDNXSD6qiJKAL0gJ7Qs3VnPVov1uuiNWdlM/voB6y3T+M+jP8=</latexit>

⇠ 1
<latexit sha1_base64="seUJE4XIpAdovTphEkE1rvQ/YrU=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbB07Jb26q3ghePFewHtEvJptk2NskuSVYopf/BiwdFvPp/vPlvTNsVVPTBwOO9GWbmhQln2njeh5NbWV1b38hvFra2d3b3ivsHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8dXcb99TpVksb80koYHAQ8kiRrCxUqunmUB+v1jy3LJfLdeqaEku/YxUKsh3vQVKkKHRL773BjFJBZWGcKx11/cSE0yxMoxwOiv0Uk0TTMZ4SLuWSiyoDqaLa2foxCoDFMXKljRooX6fmGKh9USEtlNgM9K/vbn4l9dNTXQRTJlMUkMlWS6KUo5MjOavowFTlBg+sQQTxeytiIywwsTYgAo2hK9P0f+kVXb9M7d6UynVa1kceTiCYzgFH86hDtfQgCYQuIMHeIJnJ3YenRfnddmac7KZQ/gB5+0TO8uO4g==</latexit> ⇠ ↵2

s(L
4 + · · ·+ 1)

<latexit sha1_base64="//1zNl1ifJ9PhAHCOuLzsDxAsgY=">AAACBXicdVDLSsNAFJ34rPVVdamLwSJUCiWJbdVdwY0LFxXsA5q0TCbTduhkEmYmQgnduPFX3LhQxK3/4M6/cdpGUNEDFw7n3Mu993gRo1KZ5oexsLi0vLKaWcuub2xubed2dpsyjAUmDRyyULQ9JAmjnDQUVYy0I0FQ4DHS8kYXU791S4SkIb9R44i4ARpw2qcYKS31cgeOpIGDWDREPdm1C1fdctHBfqhk0Tru5fJmybYqdrUC5+TcSkm5DK2SOUMepKj3cu+OH+I4IFxhhqTsWGak3AQJRTEjk6wTSxIhPEID0tGUo4BIN5l9MYFHWvFhPxS6uIIz9ftEggIpx4GnOwOkhvK3NxX/8jqx6p+5CeVRrAjH80X9mEEVwmkk0KeCYMXGmiAsqL4V4iESCCsdXFaH8PUp/J807ZJ1Uqpcl/O1ahpHBuyDQ1AAFjgFNXAJ6qABMLgDD+AJPBv3xqPxYrzOWxeMdGYP/IDx9gn7PpeR</latexit>
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· · ·<latexit sha1_base64="DHjJayjzq/Kcf/eiysf4VDEz7V4=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiS19bGRghuXFewD2lAmk0k7dpIJMxOhhP6DGxeKuPV/3Pk3TtsIKnrgwuGce7n3Hj/hTGnH+bAKS8srq2vF9dLG5tb2Tnl3r61EKgltEcGF7PpYUc5i2tJMc9pNJMWRz2nHH1/N/M49lYqJ+FZPEupFeBizkBGsjdTuk0BoNShXHLvq1qundbQgF25OajXk2s4cFcjRHJTf+4EgaURjTThWquc6ifYyLDUjnE5L/VTRBJMxHtKeoTGOqPKy+bVTdGSUAIVCmoo1mqvfJzIcKTWJfNMZYT1Sv72Z+JfXS3V47mUsTlJNY7JYFKYcaYFmr6OASUo0nxiCiWTmVkRGWGKiTUAlE8LXp+h/0q7a7oldv6lVGpd5HEU4gEM4BhfOoAHX0IQWELiDB3iCZ0tYj9aL9bpoLVj5zD78gPX2CQTXj20=</latexit>+
<latexit sha1_base64="9nRsG6G2vfz4eqHVluITE/NlaU4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0UQhJDU1sdGCm5ctmAf0IYymd60YyeTMDMRSugXuHGhiFs/yZ1/47SNoKIHLhzOuZd77/FjzpR2nA8rt7S8srqWXy9sbG5t7xR391oqSiSFJo14JDs+UcCZgKZmmkMnlkBCn0PbH1/P/PY9SMUicasnMXghGQoWMEq0kRon/WLJsctutXxWxQty6WakUsGu7cxRQhnq/eJ7bxDRJAShKSdKdV0n1l5KpGaUw7TQSxTEhI7JELqGChKC8tL5oVN8ZJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6ODCS5mIEw2CLhYFCcc6wrOv8YBJoJpPDCFUMnMrpiMiCdUmm4IJ4etT/D9plW331K42KqXaVRZHHh2gQ3SMXHSOaugG1VETUQToAT2hZ+vOerRerNdFa87KZvbRD1hvn8f2jO0=</latexit>

+
<latexit sha1_base64="9nRsG6G2vfz4eqHVluITE/NlaU4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0UQhJDU1sdGCm5ctmAf0IYymd60YyeTMDMRSugXuHGhiFs/yZ1/47SNoKIHLhzOuZd77/FjzpR2nA8rt7S8srqWXy9sbG5t7xR391oqSiSFJo14JDs+UcCZgKZmmkMnlkBCn0PbH1/P/PY9SMUicasnMXghGQoWMEq0kRon/WLJsctutXxWxQty6WakUsGu7cxRQhnq/eJ7bxDRJAShKSdKdV0n1l5KpGaUw7TQSxTEhI7JELqGChKC8tL5oVN8ZJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6ODCS5mIEw2CLhYFCcc6wrOv8YBJoJpPDCFUMnMrpiMiCdUmm4IJ4etT/D9plW331K42KqXaVRZHHh2gQ3SMXHSOaugG1VETUQToAT2hZ+vOerRerNdFa87KZvbRD1hvn8f2jO0=</latexit>

⇠ ↵s(L
2 + L+ 1)

<latexit sha1_base64="lfGNS0mrlyWUdH9mZc2XXasDSVw=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1iESiEksa26K7hx0UUF+4Amhsl02g6dPJiZCCUU/BU3LhRx63e482+cthFU9MCFwzn3cu89fsyokKb5oeWWlldW1/LrhY3Nre0dfXevLaKEY9LCEYt410eCMBqSlqSSkW7MCQp8Rjr++HLmd+4IFzQKb+QkJm6AhiEdUIykkjz9wBE0cBCLR8gTpcatXW6UrRNPL5qGbVXtWhUuyIWVkUoFWoY5RxFkaHr6u9OPcBKQUGKGhOhZZizdFHFJMSPTgpMIEiM8RkPSUzREARFuOj9/Co+V0oeDiKsKJZyr3ydSFAgxCXzVGSA5Er+9mfiX10vk4NxNaRgnkoR4sWiQMCgjOMsC9iknWLKJIghzqm6FeIQ4wlIlVlAhfH0K/ydt27BOjep1pVivZXHkwSE4AiVggTNQB1egCVoAgxQ8gCfwrN1rj9qL9rpozWnZzD74Ae3tE5CXlIw=</latexit>

+
<latexit sha1_base64="9nRsG6G2vfz4eqHVluITE/NlaU4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0UQhJDU1sdGCm5ctmAf0IYymd60YyeTMDMRSugXuHGhiFs/yZ1/47SNoKIHLhzOuZd77/FjzpR2nA8rt7S8srqWXy9sbG5t7xR391oqSiSFJo14JDs+UcCZgKZmmkMnlkBCn0PbH1/P/PY9SMUicasnMXghGQoWMEq0kRon/WLJsctutXxWxQty6WakUsGu7cxRQhnq/eJ7bxDRJAShKSdKdV0n1l5KpGaUw7TQSxTEhI7JELqGChKC8tL5oVN8ZJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6ODCS5mIEw2CLhYFCcc6wrOv8YBJoJpPDCFUMnMrpiMiCdUmm4IJ4etT/D9plW331K42KqXaVRZHHh2gQ3SMXHSOaugG1VETUQToAT2hZ+vOerRerNdFa87KZvbRD1hvn8f2jO0=</latexit>

=<latexit sha1_base64="RK99he5lV0rIgZjXbpLs+osDJEg=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFZLa+lgoBTcuW7APaEOZTG/asZNJmJkIJfQL3LhQxK2f5M6/cdpGUNEDFw7n3Mu99/gxZ0o7zoeVW1peWV3Lrxc2Nre2d4q7ey0VJZJCk0Y8kh2fKOBMQFMzzaETSyChz6Htj69nfvsepGKRuNWTGLyQDAULGCXaSI3LfrHk2GW3Wj6t4gW5cDNSqWDXduYooQz1fvG9N4hoEoLQlBOluq4Tay8lUjPKYVroJQpiQsdkCF1DBQlBeen80Ck+MsoAB5E0JTSeq98nUhIqNQl90xkSPVK/vZn4l9dNdHDupUzEiQZBF4uChGMd4dnXeMAkUM0nhhAqmbkV0xGRhGqTTcGE8PUp/p+0yrZ7YlcblVLtKosjjw7QITpGLjpDNXSD6qiJKAL0gJ7Qs3VnPVov1uuiNWdlM/voB6y3T+M+jP8=</latexit>

⇠ 1
<latexit sha1_base64="seUJE4XIpAdovTphEkE1rvQ/YrU=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbB07Jb26q3ghePFewHtEvJptk2NskuSVYopf/BiwdFvPp/vPlvTNsVVPTBwOO9GWbmhQln2njeh5NbWV1b38hvFra2d3b3ivsHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8dXcb99TpVksb80koYHAQ8kiRrCxUqunmUB+v1jy3LJfLdeqaEku/YxUKsh3vQVKkKHRL773BjFJBZWGcKx11/cSE0yxMoxwOiv0Uk0TTMZ4SLuWSiyoDqaLa2foxCoDFMXKljRooX6fmGKh9USEtlNgM9K/vbn4l9dNTXQRTJlMUkMlWS6KUo5MjOavowFTlBg+sQQTxeytiIywwsTYgAo2hK9P0f+kVXb9M7d6UynVa1kceTiCYzgFH86hDtfQgCYQuIMHeIJnJ3YenRfnddmac7KZQ/gB5+0TO8uO4g==</latexit>
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s(L

4 + · · ·+ 1)
<latexit sha1_base64="//1zNl1ifJ9PhAHCOuLzsDxAsgY=">AAACBXicdVDLSsNAFJ34rPVVdamLwSJUCiWJbdVdwY0LFxXsA5q0TCbTduhkEmYmQgnduPFX3LhQxK3/4M6/cdpGUNEDFw7n3Mu993gRo1KZ5oexsLi0vLKaWcuub2xubed2dpsyjAUmDRyyULQ9JAmjnDQUVYy0I0FQ4DHS8kYXU791S4SkIb9R44i4ARpw2qcYKS31cgeOpIGDWDREPdm1C1fdctHBfqhk0Tru5fJmybYqdrUC5+TcSkm5DK2SOUMepKj3cu+OH+I4IFxhhqTsWGak3AQJRTEjk6wTSxIhPEID0tGUo4BIN5l9MYFHWvFhPxS6uIIz9ftEggIpx4GnOwOkhvK3NxX/8jqx6p+5CeVRrAjH80X9mEEVwmkk0KeCYMXGmiAsqL4V4iESCCsdXFaH8PUp/J807ZJ1Uqpcl/O1ahpHBuyDQ1AAFjgFNXAJ6qABMLgDD+AJPBv3xqPxYrzOWxeMdGYP/IDx9gn7PpeR</latexit>
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▸ Higher order corrections contain logarithmic terms
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· · ·<latexit sha1_base64="DHjJayjzq/Kcf/eiysf4VDEz7V4=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiS19bGRghuXFewD2lAmk0k7dpIJMxOhhP6DGxeKuPV/3Pk3TtsIKnrgwuGce7n3Hj/hTGnH+bAKS8srq2vF9dLG5tb2Tnl3r61EKgltEcGF7PpYUc5i2tJMc9pNJMWRz2nHH1/N/M49lYqJ+FZPEupFeBizkBGsjdTuk0BoNShXHLvq1qundbQgF25OajXk2s4cFcjRHJTf+4EgaURjTThWquc6ifYyLDUjnE5L/VTRBJMxHtKeoTGOqPKy+bVTdGSUAIVCmoo1mqvfJzIcKTWJfNMZYT1Sv72Z+JfXS3V47mUsTlJNY7JYFKYcaYFmr6OASUo0nxiCiWTmVkRGWGKiTUAlE8LXp+h/0q7a7oldv6lVGpd5HEU4gEM4BhfOoAHX0IQWELiDB3iCZ0tYj9aL9bpoLVj5zD78gPX2CQTXj20=</latexit>+
<latexit sha1_base64="9nRsG6G2vfz4eqHVluITE/NlaU4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0UQhJDU1sdGCm5ctmAf0IYymd60YyeTMDMRSugXuHGhiFs/yZ1/47SNoKIHLhzOuZd77/FjzpR2nA8rt7S8srqWXy9sbG5t7xR391oqSiSFJo14JDs+UcCZgKZmmkMnlkBCn0PbH1/P/PY9SMUicasnMXghGQoWMEq0kRon/WLJsctutXxWxQty6WakUsGu7cxRQhnq/eJ7bxDRJAShKSdKdV0n1l5KpGaUw7TQSxTEhI7JELqGChKC8tL5oVN8ZJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6ODCS5mIEw2CLhYFCcc6wrOv8YBJoJpPDCFUMnMrpiMiCdUmm4IJ4etT/D9plW331K42KqXaVRZHHh2gQ3SMXHSOaugG1VETUQToAT2hZ+vOerRerNdFa87KZvbRD1hvn8f2jO0=</latexit>

+
<latexit sha1_base64="9nRsG6G2vfz4eqHVluITE/NlaU4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0UQhJDU1sdGCm5ctmAf0IYymd60YyeTMDMRSugXuHGhiFs/yZ1/47SNoKIHLhzOuZd77/FjzpR2nA8rt7S8srqWXy9sbG5t7xR391oqSiSFJo14JDs+UcCZgKZmmkMnlkBCn0PbH1/P/PY9SMUicasnMXghGQoWMEq0kRon/WLJsctutXxWxQty6WakUsGu7cxRQhnq/eJ7bxDRJAShKSdKdV0n1l5KpGaUw7TQSxTEhI7JELqGChKC8tL5oVN8ZJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6ODCS5mIEw2CLhYFCcc6wrOv8YBJoJpPDCFUMnMrpiMiCdUmm4IJ4etT/D9plW331K42KqXaVRZHHh2gQ3SMXHSOaugG1VETUQToAT2hZ+vOerRerNdFa87KZvbRD1hvn8f2jO0=</latexit>

⇠ ↵s(L
2 + L+ 1)

<latexit sha1_base64="lfGNS0mrlyWUdH9mZc2XXasDSVw=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1iESiEksa26K7hx0UUF+4Amhsl02g6dPJiZCCUU/BU3LhRx63e482+cthFU9MCFwzn3cu89fsyokKb5oeWWlldW1/LrhY3Nre0dfXevLaKEY9LCEYt410eCMBqSlqSSkW7MCQp8Rjr++HLmd+4IFzQKb+QkJm6AhiEdUIykkjz9wBE0cBCLR8gTpcatXW6UrRNPL5qGbVXtWhUuyIWVkUoFWoY5RxFkaHr6u9OPcBKQUGKGhOhZZizdFHFJMSPTgpMIEiM8RkPSUzREARFuOj9/Co+V0oeDiKsKJZyr3ydSFAgxCXzVGSA5Er+9mfiX10vk4NxNaRgnkoR4sWiQMCgjOMsC9iknWLKJIghzqm6FeIQ4wlIlVlAhfH0K/ydt27BOjep1pVivZXHkwSE4AiVggTNQB1egCVoAgxQ8gCfwrN1rj9qL9rpozWnZzD74Ae3tE5CXlIw=</latexit>

+
<latexit sha1_base64="9nRsG6G2vfz4eqHVluITE/NlaU4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0UQhJDU1sdGCm5ctmAf0IYymd60YyeTMDMRSugXuHGhiFs/yZ1/47SNoKIHLhzOuZd77/FjzpR2nA8rt7S8srqWXy9sbG5t7xR391oqSiSFJo14JDs+UcCZgKZmmkMnlkBCn0PbH1/P/PY9SMUicasnMXghGQoWMEq0kRon/WLJsctutXxWxQty6WakUsGu7cxRQhnq/eJ7bxDRJAShKSdKdV0n1l5KpGaUw7TQSxTEhI7JELqGChKC8tL5oVN8ZJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6ODCS5mIEw2CLhYFCcc6wrOv8YBJoJpPDCFUMnMrpiMiCdUmm4IJ4etT/D9plW331K42KqXaVRZHHh2gQ3SMXHSOaugG1VETUQToAT2hZ+vOerRerNdFa87KZvbRD1hvn8f2jO0=</latexit>

=<latexit sha1_base64="RK99he5lV0rIgZjXbpLs+osDJEg=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFZLa+lgoBTcuW7APaEOZTG/asZNJmJkIJfQL3LhQxK2f5M6/cdpGUNEDFw7n3Mu99/gxZ0o7zoeVW1peWV3Lrxc2Nre2d4q7ey0VJZJCk0Y8kh2fKOBMQFMzzaETSyChz6Htj69nfvsepGKRuNWTGLyQDAULGCXaSI3LfrHk2GW3Wj6t4gW5cDNSqWDXduYooQz1fvG9N4hoEoLQlBOluq4Tay8lUjPKYVroJQpiQsdkCF1DBQlBeen80Ck+MsoAB5E0JTSeq98nUhIqNQl90xkSPVK/vZn4l9dNdHDupUzEiQZBF4uChGMd4dnXeMAkUM0nhhAqmbkV0xGRhGqTTcGE8PUp/p+0yrZ7YlcblVLtKosjjw7QITpGLjpDNXSD6qiJKAL0gJ7Qs3VnPVov1uuiNWdlM/voB6y3T+M+jP8=</latexit>

⇠ 1
<latexit sha1_base64="seUJE4XIpAdovTphEkE1rvQ/YrU=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbB07Jb26q3ghePFewHtEvJptk2NskuSVYopf/BiwdFvPp/vPlvTNsVVPTBwOO9GWbmhQln2njeh5NbWV1b38hvFra2d3b3ivsHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8dXcb99TpVksb80koYHAQ8kiRrCxUqunmUB+v1jy3LJfLdeqaEku/YxUKsh3vQVKkKHRL773BjFJBZWGcKx11/cSE0yxMoxwOiv0Uk0TTMZ4SLuWSiyoDqaLa2foxCoDFMXKljRooX6fmGKh9USEtlNgM9K/vbn4l9dNTXQRTJlMUkMlWS6KUo5MjOavowFTlBg+sQQTxeytiIywwsTYgAo2hK9P0f+kVXb9M7d6UynVa1kceTiCYzgFH86hDtfQgCYQuIMHeIJnJ3YenRfnddmac7KZQ/gB5+0TO8uO4g==</latexit>
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<latexit sha1_base64="//1zNl1ifJ9PhAHCOuLzsDxAsgY=">AAACBXicdVDLSsNAFJ34rPVVdamLwSJUCiWJbdVdwY0LFxXsA5q0TCbTduhkEmYmQgnduPFX3LhQxK3/4M6/cdpGUNEDFw7n3Mu993gRo1KZ5oexsLi0vLKaWcuub2xubed2dpsyjAUmDRyyULQ9JAmjnDQUVYy0I0FQ4DHS8kYXU791S4SkIb9R44i4ARpw2qcYKS31cgeOpIGDWDREPdm1C1fdctHBfqhk0Tru5fJmybYqdrUC5+TcSkm5DK2SOUMepKj3cu+OH+I4IFxhhqTsWGak3AQJRTEjk6wTSxIhPEID0tGUo4BIN5l9MYFHWvFhPxS6uIIz9ftEggIpx4GnOwOkhvK3NxX/8jqx6p+5CeVRrAjH80X9mEEVwmkk0KeCYMXGmiAsqL4V4iESCCsdXFaH8PUp/J807ZJ1Uqpcl/O1ahpHBuyDQ1AAFjgFNXAJ6qABMLgDD+AJPBv3xqPxYrzOWxeMdGYP/IDx9gn7PpeR</latexit>

‣ Solution: the (re)summation of 
these logarithms to all orders

� ⇠ exp
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<latexit sha1_base64="takVvtc7/0/8AloZcmOMcdj72Ug="></latexit>



FIXED ORDER TROUBLE

LOGS LOOMING LARGE

J.S. Sinninghe DamstéTheorist’s tools for precision physics Jamboree 2019

▸ Higher order corrections contain logarithmic terms

▸ Spoils perturbative series in kinematic limits where these logarithms are large

· · ·<latexit sha1_base64="DHjJayjzq/Kcf/eiysf4VDEz7V4=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiS19bGRghuXFewD2lAmk0k7dpIJMxOhhP6DGxeKuPV/3Pk3TtsIKnrgwuGce7n3Hj/hTGnH+bAKS8srq2vF9dLG5tb2Tnl3r61EKgltEcGF7PpYUc5i2tJMc9pNJMWRz2nHH1/N/M49lYqJ+FZPEupFeBizkBGsjdTuk0BoNShXHLvq1qundbQgF25OajXk2s4cFcjRHJTf+4EgaURjTThWquc6ifYyLDUjnE5L/VTRBJMxHtKeoTGOqPKy+bVTdGSUAIVCmoo1mqvfJzIcKTWJfNMZYT1Sv72Z+JfXS3V47mUsTlJNY7JYFKYcaYFmr6OASUo0nxiCiWTmVkRGWGKiTUAlE8LXp+h/0q7a7oldv6lVGpd5HEU4gEM4BhfOoAHX0IQWELiDB3iCZ0tYj9aL9bpoLVj5zD78gPX2CQTXj20=</latexit>+
<latexit sha1_base64="9nRsG6G2vfz4eqHVluITE/NlaU4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0UQhJDU1sdGCm5ctmAf0IYymd60YyeTMDMRSugXuHGhiFs/yZ1/47SNoKIHLhzOuZd77/FjzpR2nA8rt7S8srqWXy9sbG5t7xR391oqSiSFJo14JDs+UcCZgKZmmkMnlkBCn0PbH1/P/PY9SMUicasnMXghGQoWMEq0kRon/WLJsctutXxWxQty6WakUsGu7cxRQhnq/eJ7bxDRJAShKSdKdV0n1l5KpGaUw7TQSxTEhI7JELqGChKC8tL5oVN8ZJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6ODCS5mIEw2CLhYFCcc6wrOv8YBJoJpPDCFUMnMrpiMiCdUmm4IJ4etT/D9plW331K42KqXaVRZHHh2gQ3SMXHSOaugG1VETUQToAT2hZ+vOerRerNdFa87KZvbRD1hvn8f2jO0=</latexit>

+
<latexit sha1_base64="9nRsG6G2vfz4eqHVluITE/NlaU4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0UQhJDU1sdGCm5ctmAf0IYymd60YyeTMDMRSugXuHGhiFs/yZ1/47SNoKIHLhzOuZd77/FjzpR2nA8rt7S8srqWXy9sbG5t7xR391oqSiSFJo14JDs+UcCZgKZmmkMnlkBCn0PbH1/P/PY9SMUicasnMXghGQoWMEq0kRon/WLJsctutXxWxQty6WakUsGu7cxRQhnq/eJ7bxDRJAShKSdKdV0n1l5KpGaUw7TQSxTEhI7JELqGChKC8tL5oVN8ZJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6ODCS5mIEw2CLhYFCcc6wrOv8YBJoJpPDCFUMnMrpiMiCdUmm4IJ4etT/D9plW331K42KqXaVRZHHh2gQ3SMXHSOaugG1VETUQToAT2hZ+vOerRerNdFa87KZvbRD1hvn8f2jO0=</latexit>

⇠ ↵s(L
2 + L+ 1)

<latexit sha1_base64="lfGNS0mrlyWUdH9mZc2XXasDSVw=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1iESiEksa26K7hx0UUF+4Amhsl02g6dPJiZCCUU/BU3LhRx63e482+cthFU9MCFwzn3cu89fsyokKb5oeWWlldW1/LrhY3Nre0dfXevLaKEY9LCEYt410eCMBqSlqSSkW7MCQp8Rjr++HLmd+4IFzQKb+QkJm6AhiEdUIykkjz9wBE0cBCLR8gTpcatXW6UrRNPL5qGbVXtWhUuyIWVkUoFWoY5RxFkaHr6u9OPcBKQUGKGhOhZZizdFHFJMSPTgpMIEiM8RkPSUzREARFuOj9/Co+V0oeDiKsKJZyr3ydSFAgxCXzVGSA5Er+9mfiX10vk4NxNaRgnkoR4sWiQMCgjOMsC9iknWLKJIghzqm6FeIQ4wlIlVlAhfH0K/ydt27BOjep1pVivZXHkwSE4AiVggTNQB1egCVoAgxQ8gCfwrN1rj9qL9rpozWnZzD74Ae3tE5CXlIw=</latexit>

+
<latexit sha1_base64="9nRsG6G2vfz4eqHVluITE/NlaU4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0UQhJDU1sdGCm5ctmAf0IYymd60YyeTMDMRSugXuHGhiFs/yZ1/47SNoKIHLhzOuZd77/FjzpR2nA8rt7S8srqWXy9sbG5t7xR391oqSiSFJo14JDs+UcCZgKZmmkMnlkBCn0PbH1/P/PY9SMUicasnMXghGQoWMEq0kRon/WLJsctutXxWxQty6WakUsGu7cxRQhnq/eJ7bxDRJAShKSdKdV0n1l5KpGaUw7TQSxTEhI7JELqGChKC8tL5oVN8ZJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6ODCS5mIEw2CLhYFCcc6wrOv8YBJoJpPDCFUMnMrpiMiCdUmm4IJ4etT/D9plW331K42KqXaVRZHHh2gQ3SMXHSOaugG1VETUQToAT2hZ+vOerRerNdFa87KZvbRD1hvn8f2jO0=</latexit>

=<latexit sha1_base64="RK99he5lV0rIgZjXbpLs+osDJEg=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFZLa+lgoBTcuW7APaEOZTG/asZNJmJkIJfQL3LhQxK2f5M6/cdpGUNEDFw7n3Mu99/gxZ0o7zoeVW1peWV3Lrxc2Nre2d4q7ey0VJZJCk0Y8kh2fKOBMQFMzzaETSyChz6Htj69nfvsepGKRuNWTGLyQDAULGCXaSI3LfrHk2GW3Wj6t4gW5cDNSqWDXduYooQz1fvG9N4hoEoLQlBOluq4Tay8lUjPKYVroJQpiQsdkCF1DBQlBeen80Ck+MsoAB5E0JTSeq98nUhIqNQl90xkSPVK/vZn4l9dNdHDupUzEiQZBF4uChGMd4dnXeMAkUM0nhhAqmbkV0xGRhGqTTcGE8PUp/p+0yrZ7YlcblVLtKosjjw7QITpGLjpDNXSD6qiJKAL0gJ7Qs3VnPVov1uuiNWdlM/voB6y3T+M+jP8=</latexit>

⇠ 1
<latexit sha1_base64="seUJE4XIpAdovTphEkE1rvQ/YrU=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbB07Jb26q3ghePFewHtEvJptk2NskuSVYopf/BiwdFvPp/vPlvTNsVVPTBwOO9GWbmhQln2njeh5NbWV1b38hvFra2d3b3ivsHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8dXcb99TpVksb80koYHAQ8kiRrCxUqunmUB+v1jy3LJfLdeqaEku/YxUKsh3vQVKkKHRL773BjFJBZWGcKx11/cSE0yxMoxwOiv0Uk0TTMZ4SLuWSiyoDqaLa2foxCoDFMXKljRooX6fmGKh9USEtlNgM9K/vbn4l9dNTXQRTJlMUkMlWS6KUo5MjOavowFTlBg+sQQTxeytiIywwsTYgAo2hK9P0f+kVXb9M7d6UynVa1kceTiCYzgFH86hDtfQgCYQuIMHeIJnJ3YenRfnddmac7KZQ/gB5+0TO8uO4g==</latexit>
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<latexit sha1_base64="//1zNl1ifJ9PhAHCOuLzsDxAsgY=">AAACBXicdVDLSsNAFJ34rPVVdamLwSJUCiWJbdVdwY0LFxXsA5q0TCbTduhkEmYmQgnduPFX3LhQxK3/4M6/cdpGUNEDFw7n3Mu993gRo1KZ5oexsLi0vLKaWcuub2xubed2dpsyjAUmDRyyULQ9JAmjnDQUVYy0I0FQ4DHS8kYXU791S4SkIb9R44i4ARpw2qcYKS31cgeOpIGDWDREPdm1C1fdctHBfqhk0Tru5fJmybYqdrUC5+TcSkm5DK2SOUMepKj3cu+OH+I4IFxhhqTsWGak3AQJRTEjk6wTSxIhPEID0tGUo4BIN5l9MYFHWvFhPxS6uIIz9ftEggIpx4GnOwOkhvK3NxX/8jqx6p+5CeVRrAjH80X9mEEVwmkk0KeCYMXGmiAsqL4V4iESCCsdXFaH8PUp/J807ZJ1Uqpcl/O1ahpHBuyDQ1AAFjgFNXAJ6qABMLgDD+AJPBv3xqPxYrzOWxeMdGYP/IDx9gn7PpeR</latexit>

‣ Solution: the (re)summation of 
these logarithms to all orders

� ⇠ exp
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↵s L

2
⇤

<latexit sha1_base64="takVvtc7/0/8AloZcmOMcdj72Ug="></latexit>



FIXED ORDER TROUBLE

LOGS LOOMING LARGE

J.S. Sinninghe DamstéTheorist’s tools for precision physics Jamboree 2019

▸ Higher order corrections contain logarithmic terms

▸ Spoils perturbative series in kinematic limits where these logarithms are large

· · ·<latexit sha1_base64="DHjJayjzq/Kcf/eiysf4VDEz7V4=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiS19bGRghuXFewD2lAmk0k7dpIJMxOhhP6DGxeKuPV/3Pk3TtsIKnrgwuGce7n3Hj/hTGnH+bAKS8srq2vF9dLG5tb2Tnl3r61EKgltEcGF7PpYUc5i2tJMc9pNJMWRz2nHH1/N/M49lYqJ+FZPEupFeBizkBGsjdTuk0BoNShXHLvq1qundbQgF25OajXk2s4cFcjRHJTf+4EgaURjTThWquc6ifYyLDUjnE5L/VTRBJMxHtKeoTGOqPKy+bVTdGSUAIVCmoo1mqvfJzIcKTWJfNMZYT1Sv72Z+JfXS3V47mUsTlJNY7JYFKYcaYFmr6OASUo0nxiCiWTmVkRGWGKiTUAlE8LXp+h/0q7a7oldv6lVGpd5HEU4gEM4BhfOoAHX0IQWELiDB3iCZ0tYj9aL9bpoLVj5zD78gPX2CQTXj20=</latexit>+
<latexit sha1_base64="9nRsG6G2vfz4eqHVluITE/NlaU4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0UQhJDU1sdGCm5ctmAf0IYymd60YyeTMDMRSugXuHGhiFs/yZ1/47SNoKIHLhzOuZd77/FjzpR2nA8rt7S8srqWXy9sbG5t7xR391oqSiSFJo14JDs+UcCZgKZmmkMnlkBCn0PbH1/P/PY9SMUicasnMXghGQoWMEq0kRon/WLJsctutXxWxQty6WakUsGu7cxRQhnq/eJ7bxDRJAShKSdKdV0n1l5KpGaUw7TQSxTEhI7JELqGChKC8tL5oVN8ZJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6ODCS5mIEw2CLhYFCcc6wrOv8YBJoJpPDCFUMnMrpiMiCdUmm4IJ4etT/D9plW331K42KqXaVRZHHh2gQ3SMXHSOaugG1VETUQToAT2hZ+vOerRerNdFa87KZvbRD1hvn8f2jO0=</latexit>

+
<latexit sha1_base64="9nRsG6G2vfz4eqHVluITE/NlaU4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0UQhJDU1sdGCm5ctmAf0IYymd60YyeTMDMRSugXuHGhiFs/yZ1/47SNoKIHLhzOuZd77/FjzpR2nA8rt7S8srqWXy9sbG5t7xR391oqSiSFJo14JDs+UcCZgKZmmkMnlkBCn0PbH1/P/PY9SMUicasnMXghGQoWMEq0kRon/WLJsctutXxWxQty6WakUsGu7cxRQhnq/eJ7bxDRJAShKSdKdV0n1l5KpGaUw7TQSxTEhI7JELqGChKC8tL5oVN8ZJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6ODCS5mIEw2CLhYFCcc6wrOv8YBJoJpPDCFUMnMrpiMiCdUmm4IJ4etT/D9plW331K42KqXaVRZHHh2gQ3SMXHSOaugG1VETUQToAT2hZ+vOerRerNdFa87KZvbRD1hvn8f2jO0=</latexit>

⇠ ↵s(L
2 + L+ 1)

<latexit sha1_base64="lfGNS0mrlyWUdH9mZc2XXasDSVw=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1iESiEksa26K7hx0UUF+4Amhsl02g6dPJiZCCUU/BU3LhRx63e482+cthFU9MCFwzn3cu89fsyokKb5oeWWlldW1/LrhY3Nre0dfXevLaKEY9LCEYt410eCMBqSlqSSkW7MCQp8Rjr++HLmd+4IFzQKb+QkJm6AhiEdUIykkjz9wBE0cBCLR8gTpcatXW6UrRNPL5qGbVXtWhUuyIWVkUoFWoY5RxFkaHr6u9OPcBKQUGKGhOhZZizdFHFJMSPTgpMIEiM8RkPSUzREARFuOj9/Co+V0oeDiKsKJZyr3ydSFAgxCXzVGSA5Er+9mfiX10vk4NxNaRgnkoR4sWiQMCgjOMsC9iknWLKJIghzqm6FeIQ4wlIlVlAhfH0K/ydt27BOjep1pVivZXHkwSE4AiVggTNQB1egCVoAgxQ8gCfwrN1rj9qL9rpozWnZzD74Ae3tE5CXlIw=</latexit>

+
<latexit sha1_base64="9nRsG6G2vfz4eqHVluITE/NlaU4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0UQhJDU1sdGCm5ctmAf0IYymd60YyeTMDMRSugXuHGhiFs/yZ1/47SNoKIHLhzOuZd77/FjzpR2nA8rt7S8srqWXy9sbG5t7xR391oqSiSFJo14JDs+UcCZgKZmmkMnlkBCn0PbH1/P/PY9SMUicasnMXghGQoWMEq0kRon/WLJsctutXxWxQty6WakUsGu7cxRQhnq/eJ7bxDRJAShKSdKdV0n1l5KpGaUw7TQSxTEhI7JELqGChKC8tL5oVN8ZJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6ODCS5mIEw2CLhYFCcc6wrOv8YBJoJpPDCFUMnMrpiMiCdUmm4IJ4etT/D9plW331K42KqXaVRZHHh2gQ3SMXHSOaugG1VETUQToAT2hZ+vOerRerNdFa87KZvbRD1hvn8f2jO0=</latexit>

=<latexit sha1_base64="RK99he5lV0rIgZjXbpLs+osDJEg=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFZLa+lgoBTcuW7APaEOZTG/asZNJmJkIJfQL3LhQxK2f5M6/cdpGUNEDFw7n3Mu99/gxZ0o7zoeVW1peWV3Lrxc2Nre2d4q7ey0VJZJCk0Y8kh2fKOBMQFMzzaETSyChz6Htj69nfvsepGKRuNWTGLyQDAULGCXaSI3LfrHk2GW3Wj6t4gW5cDNSqWDXduYooQz1fvG9N4hoEoLQlBOluq4Tay8lUjPKYVroJQpiQsdkCF1DBQlBeen80Ck+MsoAB5E0JTSeq98nUhIqNQl90xkSPVK/vZn4l9dNdHDupUzEiQZBF4uChGMd4dnXeMAkUM0nhhAqmbkV0xGRhGqTTcGE8PUp/p+0yrZ7YlcblVLtKosjjw7QITpGLjpDNXSD6qiJKAL0gJ7Qs3VnPVov1uuiNWdlM/voB6y3T+M+jP8=</latexit>

⇠ 1
<latexit sha1_base64="seUJE4XIpAdovTphEkE1rvQ/YrU=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbB07Jb26q3ghePFewHtEvJptk2NskuSVYopf/BiwdFvPp/vPlvTNsVVPTBwOO9GWbmhQln2njeh5NbWV1b38hvFra2d3b3ivsHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8dXcb99TpVksb80koYHAQ8kiRrCxUqunmUB+v1jy3LJfLdeqaEku/YxUKsh3vQVKkKHRL773BjFJBZWGcKx11/cSE0yxMoxwOiv0Uk0TTMZ4SLuWSiyoDqaLa2foxCoDFMXKljRooX6fmGKh9USEtlNgM9K/vbn4l9dNTXQRTJlMUkMlWS6KUo5MjOavowFTlBg+sQQTxeytiIywwsTYgAo2hK9P0f+kVXb9M7d6UynVa1kceTiCYzgFH86hDtfQgCYQuIMHeIJnJ3YenRfnddmac7KZQ/gB5+0TO8uO4g==</latexit>
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‣ How do these logarithms appear?

⇠ ↵2
s(L

4 + · · ·+ 1)
<latexit sha1_base64="//1zNl1ifJ9PhAHCOuLzsDxAsgY=">AAACBXicdVDLSsNAFJ34rPVVdamLwSJUCiWJbdVdwY0LFxXsA5q0TCbTduhkEmYmQgnduPFX3LhQxK3/4M6/cdpGUNEDFw7n3Mu993gRo1KZ5oexsLi0vLKaWcuub2xubed2dpsyjAUmDRyyULQ9JAmjnDQUVYy0I0FQ4DHS8kYXU791S4SkIb9R44i4ARpw2qcYKS31cgeOpIGDWDREPdm1C1fdctHBfqhk0Tru5fJmybYqdrUC5+TcSkm5DK2SOUMepKj3cu+OH+I4IFxhhqTsWGak3AQJRTEjk6wTSxIhPEID0tGUo4BIN5l9MYFHWvFhPxS6uIIz9ftEggIpx4GnOwOkhvK3NxX/8jqx6p+5CeVRrAjH80X9mEEVwmkk0KeCYMXGmiAsqL4V4iESCCsdXFaH8PUp/J807ZJ1Uqpcl/O1ahpHBuyDQ1AAFjgFNXAJ6qABMLgDD+AJPBv3xqPxYrzOWxeMdGYP/IDx9gn7PpeR</latexit>

‣ Solution: the (re)summation of 
these logarithms to all orders

� ⇠ exp
⇥
↵s L

2
⇤

<latexit sha1_base64="takVvtc7/0/8AloZcmOMcdj72Ug="></latexit>
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<latexit sha1_base64="1KyCCXfp6jczkPSfILfVcGdQURM=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaRN0e6KunBZwT6gCWUynaRDJw9mJkIJ/Qg3LhRx6/e482+cthFU9MCFwzn3cu89fsqZVJb1Yaysrq1vbJa2yts7u3v7lYPDrkwyQWiHJDwRfR9LyllMO4opTvupoDjyOe35k6u537unQrIkvlPTlHoRDmMWMIKVlnruJQtDNx9Wqpbp1Ju200SaNBq1gjhN20K2aS1QhQLtYeXdHSUki2isCMdSDmwrVV6OhWKE01nZzSRNMZngkA40jXFEpZcvzp2hU62MUJAIXbFCC/X7RI4jKaeRrzsjrMbytzcX//IGmQouvJzFaaZoTJaLgowjlaD572jEBCWKTzXBRDB9KyJjLDBROqGyDuHrU/Q/6dZMu242bp1q67qIowTHcAJnYMM5tOAG2tABAhN4gCd4NlLj0XgxXpetK0YxcwQ/YLx9ApwDj8c=</latexit>

p
s

<latexit sha1_base64="rtxgKUnpKlB5p1CXK0Tme8cTZqw=">AAAB73icdVDLSgNBEOz1GeMr6tHLYBA8Lbsx0XgLePEYwTwgWcLsZJIMmX1kplcIS37CiwdFvPo73vwbJ8kKKlrQUFR1093lx1JodJwPa2V1bX1jM7eV397Z3dsvHBw2dZQoxhsskpFq+1RzKULeQIGSt2PFaeBL3vLH13O/dc+VFlF4h9OYewEdhmIgGEUjtbt6ojDVs16h6Nglt1K6qJAluXIzUi4T13YWKEKGeq/w3u1HLAl4iExSrTuuE6OXUoWCST7LdxPNY8rGdMg7hoY04NpLF/fOyKlR+mQQKVMhkoX6fSKlgdbTwDedAcWR/u3Nxb+8ToKDqpeKME6Qh2y5aJBIghGZP0/6QnGGcmoIZUqYWwkbUUUZmojyJoSvT8n/pFmy3XO7clsu1qpZHDk4hhM4AxcuoQY3UIcGMJDwAE/wbE2sR+vFel22rljZzBH8gPX2Cft4kJM=</latexit>

▸ Our small kinematic variable is x =
Ep
s

<latexit sha1_base64="yD4Pd8vPouwEUs+tv777hQJ7Y+U=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXJWktloXQkEElxXsA5pQJtNJO3QyiTMTscQs/BU3LhRx62+482+cthFU9MCFwzn3cu89XsSoVJb1YeTm5hcWl/LLhZXVtfUNc3OrJcNYYNLEIQtFx0OSMMpJU1HFSCcSBAUeI21vdDbx2zdESBryKzWOiBugAac+xUhpqWfu3MJT6PgC4eQ8TRx5LVQi07RnFq1S2a6Wj6pwRk7sjFQq0C5ZUxRBhkbPfHf6IY4DwhVmSMqubUXKTZBQFDOSFpxYkgjhERqQrqYcBUS6yfT+FO5rpQ/9UOjiCk7V7xMJCqQcB57uDJAayt/eRPzL68bKr7kJ5VGsCMezRX7MoArhJAzYp4JgxcaaICyovhXiIdJhKB1ZQYfw9Sn8n7TKJfuwVL2sFOu1LI482AV74ADY4BjUwQVogCbA4A48gCfwbNwbj8aL8TprzRnZzDb4AePtE4hElnI=</latexit>
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<latexit sha1_base64="1KyCCXfp6jczkPSfILfVcGdQURM=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaRN0e6KunBZwT6gCWUynaRDJw9mJkIJ/Qg3LhRx6/e482+cthFU9MCFwzn3cu89fsqZVJb1Yaysrq1vbJa2yts7u3v7lYPDrkwyQWiHJDwRfR9LyllMO4opTvupoDjyOe35k6u537unQrIkvlPTlHoRDmMWMIKVlnruJQtDNx9Wqpbp1Ju200SaNBq1gjhN20K2aS1QhQLtYeXdHSUki2isCMdSDmwrVV6OhWKE01nZzSRNMZngkA40jXFEpZcvzp2hU62MUJAIXbFCC/X7RI4jKaeRrzsjrMbytzcX//IGmQouvJzFaaZoTJaLgowjlaD572jEBCWKTzXBRDB9KyJjLDBROqGyDuHrU/Q/6dZMu242bp1q67qIowTHcAJnYMM5tOAG2tABAhN4gCd4NlLj0XgxXpetK0YxcwQ/YLx9ApwDj8c=</latexit>
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<latexit sha1_base64="rtxgKUnpKlB5p1CXK0Tme8cTZqw=">AAAB73icdVDLSgNBEOz1GeMr6tHLYBA8Lbsx0XgLePEYwTwgWcLsZJIMmX1kplcIS37CiwdFvPo73vwbJ8kKKlrQUFR1093lx1JodJwPa2V1bX1jM7eV397Z3dsvHBw2dZQoxhsskpFq+1RzKULeQIGSt2PFaeBL3vLH13O/dc+VFlF4h9OYewEdhmIgGEUjtbt6ojDVs16h6Nglt1K6qJAluXIzUi4T13YWKEKGeq/w3u1HLAl4iExSrTuuE6OXUoWCST7LdxPNY8rGdMg7hoY04NpLF/fOyKlR+mQQKVMhkoX6fSKlgdbTwDedAcWR/u3Nxb+8ToKDqpeKME6Qh2y5aJBIghGZP0/6QnGGcmoIZUqYWwkbUUUZmojyJoSvT8n/pFmy3XO7clsu1qpZHDk4hhM4AxcuoQY3UIcGMJDwAE/wbE2sR+vFel22rljZzBH8gPX2Cft4kJM=</latexit>

▸ Our small kinematic variable is 

▸ We can classify the resulting logarithms at order     :↵n
s

<latexit sha1_base64="MBE4U6kjDYz+7fjaVETPsOw0sKA=">AAAB8XicdVDJSgNBEK1xjXGLevTSGARPw0xM3E4BLx4jmAWTMdR0OkmTnp6hu0cIIX/hxYMiXv0bb/6NnUVQ0QcFj/eqqKoXJoJr43kfzsLi0vLKamYtu76xubWd29mt6ThVlFVpLGLVCFEzwSWrGm4EaySKYRQKVg8HlxO/fs+U5rG8McOEBRH2JO9yisZKty0USR/b+k62c3nPLfilwkmJzMi5PyfFIvFdb4o8zFFp595bnZimEZOGCtS66XuJCUaoDKeCjbOtVLME6QB7rGmpxIjpYDS9eEwOrdIh3VjZkoZM1e8TI4y0Hkah7YzQ9PVvbyL+5TVT0z0LRlwmqWGSzhZ1U0FMTCbvkw5XjBoxtASp4vZWQvuokBobUtaG8PUp+Z/UCq5/7Jaui/nyxTyODOzDARyBD6dQhiuoQBUoSHiAJ3h2tPPovDivs9YFZz6zBz/gvH0C9BCRGA==</latexit>

x =
Ep
s

<latexit sha1_base64="yD4Pd8vPouwEUs+tv777hQJ7Y+U=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXJWktloXQkEElxXsA5pQJtNJO3QyiTMTscQs/BU3LhRx62+482+cthFU9MCFwzn3cu89XsSoVJb1YeTm5hcWl/LLhZXVtfUNc3OrJcNYYNLEIQtFx0OSMMpJU1HFSCcSBAUeI21vdDbx2zdESBryKzWOiBugAac+xUhpqWfu3MJT6PgC4eQ8TRx5LVQi07RnFq1S2a6Wj6pwRk7sjFQq0C5ZUxRBhkbPfHf6IY4DwhVmSMqubUXKTZBQFDOSFpxYkgjhERqQrqYcBUS6yfT+FO5rpQ/9UOjiCk7V7xMJCqQcB57uDJAayt/eRPzL68bKr7kJ5VGsCMezRX7MoArhJAzYp4JgxcaaICyovhXiIdJhKB1ZQYfw9Sn8n7TKJfuwVL2sFOu1LI482AV74ADY4BjUwQVogCbA4A48gCfwbNwbj8aL8TprzRnZzDb4AePtE4hElnI=</latexit>
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<latexit sha1_base64="1KyCCXfp6jczkPSfILfVcGdQURM=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaRN0e6KunBZwT6gCWUynaRDJw9mJkIJ/Qg3LhRx6/e482+cthFU9MCFwzn3cu89fsqZVJb1Yaysrq1vbJa2yts7u3v7lYPDrkwyQWiHJDwRfR9LyllMO4opTvupoDjyOe35k6u537unQrIkvlPTlHoRDmMWMIKVlnruJQtDNx9Wqpbp1Ju200SaNBq1gjhN20K2aS1QhQLtYeXdHSUki2isCMdSDmwrVV6OhWKE01nZzSRNMZngkA40jXFEpZcvzp2hU62MUJAIXbFCC/X7RI4jKaeRrzsjrMbytzcX//IGmQouvJzFaaZoTJaLgowjlaD572jEBCWKTzXBRDB9KyJjLDBROqGyDuHrU/Q/6dZMu242bp1q67qIowTHcAJnYMM5tOAG2tABAhN4gCd4NlLj0XgxXpetK0YxcwQ/YLx9ApwDj8c=</latexit>

p
s

<latexit sha1_base64="rtxgKUnpKlB5p1CXK0Tme8cTZqw=">AAAB73icdVDLSgNBEOz1GeMr6tHLYBA8Lbsx0XgLePEYwTwgWcLsZJIMmX1kplcIS37CiwdFvPo73vwbJ8kKKlrQUFR1093lx1JodJwPa2V1bX1jM7eV397Z3dsvHBw2dZQoxhsskpFq+1RzKULeQIGSt2PFaeBL3vLH13O/dc+VFlF4h9OYewEdhmIgGEUjtbt6ojDVs16h6Nglt1K6qJAluXIzUi4T13YWKEKGeq/w3u1HLAl4iExSrTuuE6OXUoWCST7LdxPNY8rGdMg7hoY04NpLF/fOyKlR+mQQKVMhkoX6fSKlgdbTwDedAcWR/u3Nxb+8ToKDqpeKME6Qh2y5aJBIghGZP0/6QnGGcmoIZUqYWwkbUUUZmojyJoSvT8n/pFmy3XO7clsu1qpZHDk4hhM4AxcuoQY3UIcGMJDwAE/wbE2sR+vFel22rljZzBH8gPX2Cft4kJM=</latexit>

▸ Our small kinematic variable is 

log2n�1(x)

x
<latexit sha1_base64="CaiNHIP24dBnKrNQN0MM3vbcDr8=">AAACAXicdVDLSsNAFJ3UV62vqBvBzWAR6sKSxLbqruDGZQX7gLaWyXTSDp1MwsxEWkLc+CtuXCji1r9w5984bSOo6IELh3Pu5d573JBRqSzrw8gsLC4tr2RXc2vrG5tb5vZOQwaRwKSOAxaIloskYZSTuqKKkVYoCPJdRpru6GLqN2+JkDTg12oSkq6PBpx6FCOlpZ651/EEwnGHBYOb2OHHdlIYHyXxOOmZeavo2GWnUoZzcm6npFSCdtGaIQ9S1Hrme6cf4MgnXGGGpGzbVqi6MRKKYkaSXCeSJER4hAakrSlHPpHdePZBAg+10odeIHRxBWfq94kY+VJOfFd3+kgN5W9vKv7ltSPlnXVjysNIEY7ni7yIQRXAaRywTwXBik00QVhQfSvEQ6QjUTq0nA7h61P4P2k4RfukWL4q5auVNI4s2AcHoABscAqq4BLUQB1gcAcewBN4Nu6NR+PFeJ23Zox0Zhf8gPH2CYbnluw=</latexit>

log2n�2(x)

x
<latexit sha1_base64="zztZiIpTTfWEeoRM7TcOwfxEmfg=">AAACAXicdVDLSsNAFJ3UV62vqBvBzWAR6sKSxLbqruDGZQX7gLaWyXTSDp1MwsxEWkLc+CtuXCji1r9w5984bSOo6IELh3Pu5d573JBRqSzrw8gsLC4tr2RXc2vrG5tb5vZOQwaRwKSOAxaIloskYZSTuqKKkVYoCPJdRpru6GLqN2+JkDTg12oSkq6PBpx6FCOlpZ651/EEwnGHBYOb2OHHTlIYHyXxOOmZeavo2GWnUoZzcm6npFSCdtGaIQ9S1Hrme6cf4MgnXGGGpGzbVqi6MRKKYkaSXCeSJER4hAakrSlHPpHdePZBAg+10odeIHRxBWfq94kY+VJOfFd3+kgN5W9vKv7ltSPlnXVjysNIEY7ni7yIQRXAaRywTwXBik00QVhQfSvEQ6QjUTq0nA7h61P4P2k4RfukWL4q5auVNI4s2AcHoABscAqq4BLUQB1gcAcewBN4Nu6NR+PFeJ23Zox0Zhf8gPH2CYhzlu0=</latexit>

Leading power

LL NLL

· · ·<latexit sha1_base64="EGk9VCz+U69ZWpkFWfKuqAWsFWI=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqW/VW8OKxgv2ANpTNZtOu3WTD7kYoof/BiwdFvPp/vPlv3LYRVPTBwOO9GWbm+QlnSjvOh1VYWV1b3yhulra2d3b3yvsHHSVSSWibCC5kz8eKchbTtmaa014iKY58Trv+5Grud++pVEzEt3qaUC/Co5iFjGBtpM6ABEKrYbni2FW3Xm3U0ZJcujmp1ZBrOwtUIEdrWH4fBIKkEY014Vipvusk2suw1IxwOisNUkUTTCZ4RPuGxjiiyssW187QiVECFAppKtZooX6fyHCk1DTyTWeE9Vj99ubiX14/1eGFl7E4STWNyXJRmHKkBZq/jgImKdF8aggmkplbERljiYk2AZVMCF+fov9Jp2q7Z3b9plZpNvI4inAEx3AKLpxDE66hBW0gcAcP8ATPlrAerRfrddlasPKZQ/gB6+0TAm+PZQ==</latexit>

▸ We can classify the resulting logarithms at order     :↵n
s

<latexit sha1_base64="MBE4U6kjDYz+7fjaVETPsOw0sKA=">AAAB8XicdVDJSgNBEK1xjXGLevTSGARPw0xM3E4BLx4jmAWTMdR0OkmTnp6hu0cIIX/hxYMiXv0bb/6NnUVQ0QcFj/eqqKoXJoJr43kfzsLi0vLKamYtu76xubWd29mt6ThVlFVpLGLVCFEzwSWrGm4EaySKYRQKVg8HlxO/fs+U5rG8McOEBRH2JO9yisZKty0USR/b+k62c3nPLfilwkmJzMi5PyfFIvFdb4o8zFFp595bnZimEZOGCtS66XuJCUaoDKeCjbOtVLME6QB7rGmpxIjpYDS9eEwOrdIh3VjZkoZM1e8TI4y0Hkah7YzQ9PVvbyL+5TVT0z0LRlwmqWGSzhZ1U0FMTCbvkw5XjBoxtASp4vZWQvuokBobUtaG8PUp+Z/UCq5/7Jaui/nyxTyODOzDARyBD6dQhiuoQBUoSHiAJ3h2tPPovDivs9YFZz6zBz/gvH0C9BCRGA==</latexit>
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s

<latexit sha1_base64="yD4Pd8vPouwEUs+tv777hQJ7Y+U=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXJWktloXQkEElxXsA5pQJtNJO3QyiTMTscQs/BU3LhRx62+482+cthFU9MCFwzn3cu89XsSoVJb1YeTm5hcWl/LLhZXVtfUNc3OrJcNYYNLEIQtFx0OSMMpJU1HFSCcSBAUeI21vdDbx2zdESBryKzWOiBugAac+xUhpqWfu3MJT6PgC4eQ8TRx5LVQi07RnFq1S2a6Wj6pwRk7sjFQq0C5ZUxRBhkbPfHf6IY4DwhVmSMqubUXKTZBQFDOSFpxYkgjhERqQrqYcBUS6yfT+FO5rpQ/9UOjiCk7V7xMJCqQcB57uDJAayt/eRPzL68bKr7kJ5VGsCMezRX7MoArhJAzYp4JgxcaaICyovhXiIdJhKB1ZQYfw9Sn8n7TKJfuwVL2sFOu1LI482AV74ADY4BjUwQVogCbA4A48gCfwbNwbj8aL8TprzRnZzDb4AePtE4hElnI=</latexit>
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<latexit sha1_base64="1KyCCXfp6jczkPSfILfVcGdQURM=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaRN0e6KunBZwT6gCWUynaRDJw9mJkIJ/Qg3LhRx6/e482+cthFU9MCFwzn3cu89fsqZVJb1Yaysrq1vbJa2yts7u3v7lYPDrkwyQWiHJDwRfR9LyllMO4opTvupoDjyOe35k6u537unQrIkvlPTlHoRDmMWMIKVlnruJQtDNx9Wqpbp1Ju200SaNBq1gjhN20K2aS1QhQLtYeXdHSUki2isCMdSDmwrVV6OhWKE01nZzSRNMZngkA40jXFEpZcvzp2hU62MUJAIXbFCC/X7RI4jKaeRrzsjrMbytzcX//IGmQouvJzFaaZoTJaLgowjlaD572jEBCWKTzXBRDB9KyJjLDBROqGyDuHrU/Q/6dZMu242bp1q67qIowTHcAJnYMM5tOAG2tABAhN4gCd4NlLj0XgxXpetK0YxcwQ/YLx9ApwDj8c=</latexit>
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s

<latexit sha1_base64="rtxgKUnpKlB5p1CXK0Tme8cTZqw=">AAAB73icdVDLSgNBEOz1GeMr6tHLYBA8Lbsx0XgLePEYwTwgWcLsZJIMmX1kplcIS37CiwdFvPo73vwbJ8kKKlrQUFR1093lx1JodJwPa2V1bX1jM7eV397Z3dsvHBw2dZQoxhsskpFq+1RzKULeQIGSt2PFaeBL3vLH13O/dc+VFlF4h9OYewEdhmIgGEUjtbt6ojDVs16h6Nglt1K6qJAluXIzUi4T13YWKEKGeq/w3u1HLAl4iExSrTuuE6OXUoWCST7LdxPNY8rGdMg7hoY04NpLF/fOyKlR+mQQKVMhkoX6fSKlgdbTwDedAcWR/u3Nxb+8ToKDqpeKME6Qh2y5aJBIghGZP0/6QnGGcmoIZUqYWwkbUUUZmojyJoSvT8n/pFmy3XO7clsu1qpZHDk4hhM4AxcuoQY3UIcGMJDwAE/wbE2sR+vFel22rljZzBH8gPX2Cft4kJM=</latexit>

▸ Our small kinematic variable is 

log2n�1(x)

x
<latexit sha1_base64="CaiNHIP24dBnKrNQN0MM3vbcDr8=">AAACAXicdVDLSsNAFJ3UV62vqBvBzWAR6sKSxLbqruDGZQX7gLaWyXTSDp1MwsxEWkLc+CtuXCji1r9w5984bSOo6IELh3Pu5d573JBRqSzrw8gsLC4tr2RXc2vrG5tb5vZOQwaRwKSOAxaIloskYZSTuqKKkVYoCPJdRpru6GLqN2+JkDTg12oSkq6PBpx6FCOlpZ651/EEwnGHBYOb2OHHdlIYHyXxOOmZeavo2GWnUoZzcm6npFSCdtGaIQ9S1Hrme6cf4MgnXGGGpGzbVqi6MRKKYkaSXCeSJER4hAakrSlHPpHdePZBAg+10odeIHRxBWfq94kY+VJOfFd3+kgN5W9vKv7ltSPlnXVjysNIEY7ni7yIQRXAaRywTwXBik00QVhQfSvEQ6QjUTq0nA7h61P4P2k4RfukWL4q5auVNI4s2AcHoABscAqq4BLUQB1gcAcewBN4Nu6NR+PFeJ23Zox0Zhf8gPH2CYbnluw=</latexit>
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x
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▸ Large logarithms arise when there is just enough energy to produce the LO 
final state: forces additional radiation to be low-energetic 

THRESHOLD LOGARITHMS

ORIGIN OF LARGE LOGARITHMS 
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▸ Higher order corrections involve real emission diagrams as well
E E(
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▸ Our small kinematic variable is 
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▸ LL resummation in Drell-Yan and single Higgs production:
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“Webs” NLP term through “kinematic shift”

▸ Numerical effects are sizeable for invariant mass distribution in DY:

10°14

10°13

10°12

10°11

10°10

10°9

10°8

10°7

10°6

10°5

10°4

10°3

10°2

dæ
pp

!
∞

§ +
X
/d

Q
2

(p
b/

G
eV

2 )

DY total cross section (matched)

NLO
LP LL
LP LL + NLP LL

1000 2000 3000 4000 5000

Q (GeV)

0.98

1.00

1.02

1.04

1.06

1.08

1.10

PRELIMINARY

https://doi.org/10.1007/JHEP11(2019)002
https://arxiv.org/ct?url=https://dx.doi.org/10.1007/JHEP10%25282018%2529144&v=f431cdda


SUMMARY AND OUTLOOK

WHAT HAVE WE LEARNED?

J.S. Sinninghe DamstéTheorist’s tools for precision physics Jamboree 2019



SUMMARY AND OUTLOOK

WHAT HAVE WE LEARNED?

J.S. Sinninghe DamstéTheorist’s tools for precision physics Jamboree 2019

▸ Perturbation theory may provide us with excellent predictions



SUMMARY AND OUTLOOK

WHAT HAVE WE LEARNED?

J.S. Sinninghe DamstéTheorist’s tools for precision physics Jamboree 2019

▸ Perturbation theory may provide us with excellent predictions

▸ Resummation is the required tool when large logarithms appear 



log2n�1(x)
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<latexit sha1_base64="/T0opEBs0fzCYBQ3O8999HivuDs=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUhcPM2FbdFdy4rGAf0E5LJs20oZlkSDJqGfofblwo4tZ/ceffmD4EFT1w4XDOvdx7TxAzqrTjfFiZpeWV1bXsem5jc2t7J7+711AikZjUsWBCtgKkCKOc1DXVjLRiSVAUMNIMRpdTv3lLpKKC3+hxTPwIDTgNKUbaSN0OE4Nu6vETb1K8P+7lC47tuWWvUoZzcuEuSKkEXduZoQAWqPXy752+wElEuMYMKdV2nVj7KZKaYkYmuU6iSIzwCA1I21COIqL8dHb1BB4ZpQ9DIU1xDWfq94kURUqNo8B0RkgP1W9vKv7ltRMdnvsp5XGiCcfzRWHCoBZwGgHsU0mwZmNDEJbU3ArxEEmEtQkqZ0L4+hT+Txqe7Z7a5etSoVpZxJEFB+AQFIELzkAVXIEaqAMMJHgAT+DZurMerRfrdd6asRYz++AHrLdPs5CR+A==</latexit>

log2n�1(x)
<latexit sha1_base64="x3xrNmTXha9FgcTrLYN556CFxh8=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUhcPM2FbdFdy4rGAf0E5LJs20oZlkSDJqGfofblwo4tZ/ceffmD4EFT1w4XDOvdx7TxAzqrTjfFiZpeWV1bXsem5jc2t7J7+711AikZjUsWBCtgKkCKOc1DXVjLRiSVAUMNIMRpdTv3lLpKKC3+hxTPwIDTgNKUbaSN0OE4Nu6vETd1K8P+7lC47tuWWvUoZzcuEuSKkEXduZoQAWqPXy752+wElEuMYMKdV2nVj7KZKaYkYmuU6iSIzwCA1I21COIqL8dHb1BB4ZpQ9DIU1xDWfq94kURUqNo8B0RkgP1W9vKv7ltRMdnvsp5XGiCcfzRWHCoBZwGgHsU0mwZmNDEJbU3ArxEEmEtQkqZ0L4+hT+Txqe7Z7a5etSoVpZxJEFB+AQFIELzkAVXIEaqAMMJHgAT+DZurMerRfrdd6asRYz++AHrLdPsgiR9w==</latexit>

Leading power

Next-to-leading power

LL NLL

· · ·<latexit sha1_base64="EGk9VCz+U69ZWpkFWfKuqAWsFWI=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqW/VW8OKxgv2ANpTNZtOu3WTD7kYoof/BiwdFvPp/vPlv3LYRVPTBwOO9GWbm+QlnSjvOh1VYWV1b3yhulra2d3b3yvsHHSVSSWibCC5kz8eKchbTtmaa014iKY58Trv+5Grud++pVEzEt3qaUC/Co5iFjGBtpM6ABEKrYbni2FW3Xm3U0ZJcujmp1ZBrOwtUIEdrWH4fBIKkEY014Vipvusk2suw1IxwOisNUkUTTCZ4RPuGxjiiyssW187QiVECFAppKtZooX6fyHCk1DTyTWeE9Vj99ubiX14/1eGFl7E4STWNyXJRmHKkBZq/jgImKdF8aggmkplbERljiYk2AZVMCF+fov9Jp2q7Z3b9plZpNvI4inAEx3AKLpxDE66hBW0gcAcP8ATPlrAerRfrddlasPKZQ/gB6+0TAm+PZQ==</latexit>

· · ·<latexit sha1_base64="EGk9VCz+U69ZWpkFWfKuqAWsFWI=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqW/VW8OKxgv2ANpTNZtOu3WTD7kYoof/BiwdFvPp/vPlv3LYRVPTBwOO9GWbm+QlnSjvOh1VYWV1b3yhulra2d3b3yvsHHSVSSWibCC5kz8eKchbTtmaa014iKY58Trv+5Grud++pVEzEt3qaUC/Co5iFjGBtpM6ABEKrYbni2FW3Xm3U0ZJcujmp1ZBrOwtUIEdrWH4fBIKkEY014Vipvusk2suw1IxwOisNUkUTTCZ4RPuGxjiiyssW187QiVECFAppKtZooX6fyHCk1DTyTWeE9Vj99ubiX14/1eGFl7E4STWNyXJRmHKkBZq/jgImKdF8aggmkplbERljiYk2AZVMCF+fov9Jp2q7Z3b9plZpNvI4inAEx3AKLpxDE66hBW0gcAcP8ATPlrAerRfrddlasPKZQ/gB6+0TAm+PZQ==</latexit>

SUMMARY AND OUTLOOK

WHAT HAVE WE LEARNED?

J.S. Sinninghe DamstéTheorist’s tools for precision physics Jamboree 2019

▸ Perturbation theory may provide us with excellent predictions

▸ Resummation is the required tool when large logarithms appear 



log2n�1(x)

x
<latexit sha1_base64="CaiNHIP24dBnKrNQN0MM3vbcDr8=">AAACAXicdVDLSsNAFJ3UV62vqBvBzWAR6sKSxLbqruDGZQX7gLaWyXTSDp1MwsxEWkLc+CtuXCji1r9w5984bSOo6IELh3Pu5d573JBRqSzrw8gsLC4tr2RXc2vrG5tb5vZOQwaRwKSOAxaIloskYZSTuqKKkVYoCPJdRpru6GLqN2+JkDTg12oSkq6PBpx6FCOlpZ651/EEwnGHBYOb2OHHdlIYHyXxOOmZeavo2GWnUoZzcm6npFSCdtGaIQ9S1Hrme6cf4MgnXGGGpGzbVqi6MRKKYkaSXCeSJER4hAakrSlHPpHdePZBAg+10odeIHRxBWfq94kY+VJOfFd3+kgN5W9vKv7ltSPlnXVjysNIEY7ni7yIQRXAaRywTwXBik00QVhQfSvEQ6QjUTq0nA7h61P4P2k4RfukWL4q5auVNI4s2AcHoABscAqq4BLUQB1gcAcewBN4Nu6NR+PFeJ23Zox0Zhf8gPH2CYbnluw=</latexit>

log2n�2(x)

x
<latexit sha1_base64="zztZiIpTTfWEeoRM7TcOwfxEmfg=">AAACAXicdVDLSsNAFJ3UV62vqBvBzWAR6sKSxLbqruDGZQX7gLaWyXTSDp1MwsxEWkLc+CtuXCji1r9w5984bSOo6IELh3Pu5d573JBRqSzrw8gsLC4tr2RXc2vrG5tb5vZOQwaRwKSOAxaIloskYZSTuqKKkVYoCPJdRpru6GLqN2+JkDTg12oSkq6PBpx6FCOlpZ651/EEwnGHBYOb2OHHTlIYHyXxOOmZeavo2GWnUoZzcm6npFSCdtGaIQ9S1Hrme6cf4MgnXGGGpGzbVqi6MRKKYkaSXCeSJER4hAakrSlHPpHdePZBAg+10odeIHRxBWfq94kY+VJOfFd3+kgN5W9vKv7ltSPlnXVjysNIEY7ni7yIQRXAaRywTwXBik00QVhQfSvEQ6QjUTq0nA7h61P4P2k4RfukWL4q5auVNI4s2AcHoABscAqq4BLUQB1gcAcewBN4Nu6NR+PFeJ23Zox0Zhf8gPH2CYhzlu0=</latexit>

log2n�2(x)
<latexit sha1_base64="/T0opEBs0fzCYBQ3O8999HivuDs=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUhcPM2FbdFdy4rGAf0E5LJs20oZlkSDJqGfofblwo4tZ/ceffmD4EFT1w4XDOvdx7TxAzqrTjfFiZpeWV1bXsem5jc2t7J7+711AikZjUsWBCtgKkCKOc1DXVjLRiSVAUMNIMRpdTv3lLpKKC3+hxTPwIDTgNKUbaSN0OE4Nu6vETb1K8P+7lC47tuWWvUoZzcuEuSKkEXduZoQAWqPXy752+wElEuMYMKdV2nVj7KZKaYkYmuU6iSIzwCA1I21COIqL8dHb1BB4ZpQ9DIU1xDWfq94kURUqNo8B0RkgP1W9vKv7ltRMdnvsp5XGiCcfzRWHCoBZwGgHsU0mwZmNDEJbU3ArxEEmEtQkqZ0L4+hT+Txqe7Z7a5etSoVpZxJEFB+AQFIELzkAVXIEaqAMMJHgAT+DZurMerRfrdd6asRYz++AHrLdPs5CR+A==</latexit>

log2n�1(x)
<latexit sha1_base64="x3xrNmTXha9FgcTrLYN556CFxh8=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUhcPM2FbdFdy4rGAf0E5LJs20oZlkSDJqGfofblwo4tZ/ceffmD4EFT1w4XDOvdx7TxAzqrTjfFiZpeWV1bXsem5jc2t7J7+711AikZjUsWBCtgKkCKOc1DXVjLRiSVAUMNIMRpdTv3lLpKKC3+hxTPwIDTgNKUbaSN0OE4Nu6vETd1K8P+7lC47tuWWvUoZzcuEuSKkEXduZoQAWqPXy752+wElEuMYMKdV2nVj7KZKaYkYmuU6iSIzwCA1I21COIqL8dHb1BB4ZpQ9DIU1xDWfq94kURUqNo8B0RkgP1W9vKv7ltRMdnvsp5XGiCcfzRWHCoBZwGgHsU0mwZmNDEJbU3ArxEEmEtQkqZ0L4+hT+Txqe7Z7a5etSoVpZxJEFB+AQFIELzkAVXIEaqAMMJHgAT+DZurMerRfrdd6asRYz++AHrLdPsgiR9w==</latexit>

Leading power

Next-to-leading power

LL NLL

· · ·<latexit sha1_base64="EGk9VCz+U69ZWpkFWfKuqAWsFWI=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqW/VW8OKxgv2ANpTNZtOu3WTD7kYoof/BiwdFvPp/vPlv3LYRVPTBwOO9GWbm+QlnSjvOh1VYWV1b3yhulra2d3b3yvsHHSVSSWibCC5kz8eKchbTtmaa014iKY58Trv+5Grud++pVEzEt3qaUC/Co5iFjGBtpM6ABEKrYbni2FW3Xm3U0ZJcujmp1ZBrOwtUIEdrWH4fBIKkEY014Vipvusk2suw1IxwOisNUkUTTCZ4RPuGxjiiyssW187QiVECFAppKtZooX6fyHCk1DTyTWeE9Vj99ubiX14/1eGFl7E4STWNyXJRmHKkBZq/jgImKdF8aggmkplbERljiYk2AZVMCF+fov9Jp2q7Z3b9plZpNvI4inAEx3AKLpxDE66hBW0gcAcP8ATPlrAerRfrddlasPKZQ/gB6+0TAm+PZQ==</latexit>

· · ·<latexit sha1_base64="EGk9VCz+U69ZWpkFWfKuqAWsFWI=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqW/VW8OKxgv2ANpTNZtOu3WTD7kYoof/BiwdFvPp/vPlv3LYRVPTBwOO9GWbm+QlnSjvOh1VYWV1b3yhulra2d3b3yvsHHSVSSWibCC5kz8eKchbTtmaa014iKY58Trv+5Grud++pVEzEt3qaUC/Co5iFjGBtpM6ABEKrYbni2FW3Xm3U0ZJcujmp1ZBrOwtUIEdrWH4fBIKkEY014Vipvusk2suw1IxwOisNUkUTTCZ4RPuGxjiiyssW187QiVECFAppKtZooX6fyHCk1DTyTWeE9Vj99ubiX14/1eGFl7E4STWNyXJRmHKkBZq/jgImKdF8aggmkplbERljiYk2AZVMCF+fov9Jp2q7Z3b9plZpNvI4inAEx3AKLpxDE66hBW0gcAcP8ATPlrAerRfrddlasPKZQ/gB6+0TAm+PZQ==</latexit>

SUMMARY AND OUTLOOK

WHAT HAVE WE LEARNED?

J.S. Sinninghe DamstéTheorist’s tools for precision physics Jamboree 2019

▸ Perturbation theory may provide us with excellent predictions

▸ Resummation is the required tool when large logarithms appear 



log2n�1(x)

x
<latexit sha1_base64="CaiNHIP24dBnKrNQN0MM3vbcDr8=">AAACAXicdVDLSsNAFJ3UV62vqBvBzWAR6sKSxLbqruDGZQX7gLaWyXTSDp1MwsxEWkLc+CtuXCji1r9w5984bSOo6IELh3Pu5d573JBRqSzrw8gsLC4tr2RXc2vrG5tb5vZOQwaRwKSOAxaIloskYZSTuqKKkVYoCPJdRpru6GLqN2+JkDTg12oSkq6PBpx6FCOlpZ651/EEwnGHBYOb2OHHdlIYHyXxOOmZeavo2GWnUoZzcm6npFSCdtGaIQ9S1Hrme6cf4MgnXGGGpGzbVqi6MRKKYkaSXCeSJER4hAakrSlHPpHdePZBAg+10odeIHRxBWfq94kY+VJOfFd3+kgN5W9vKv7ltSPlnXVjysNIEY7ni7yIQRXAaRywTwXBik00QVhQfSvEQ6QjUTq0nA7h61P4P2k4RfukWL4q5auVNI4s2AcHoABscAqq4BLUQB1gcAcewBN4Nu6NR+PFeJ23Zox0Zhf8gPH2CYbnluw=</latexit>

log2n�2(x)

x
<latexit sha1_base64="zztZiIpTTfWEeoRM7TcOwfxEmfg=">AAACAXicdVDLSsNAFJ3UV62vqBvBzWAR6sKSxLbqruDGZQX7gLaWyXTSDp1MwsxEWkLc+CtuXCji1r9w5984bSOo6IELh3Pu5d573JBRqSzrw8gsLC4tr2RXc2vrG5tb5vZOQwaRwKSOAxaIloskYZSTuqKKkVYoCPJdRpru6GLqN2+JkDTg12oSkq6PBpx6FCOlpZ651/EEwnGHBYOb2OHHTlIYHyXxOOmZeavo2GWnUoZzcm6npFSCdtGaIQ9S1Hrme6cf4MgnXGGGpGzbVqi6MRKKYkaSXCeSJER4hAakrSlHPpHdePZBAg+10odeIHRxBWfq94kY+VJOfFd3+kgN5W9vKv7ltSPlnXVjysNIEY7ni7yIQRXAaRywTwXBik00QVhQfSvEQ6QjUTq0nA7h61P4P2k4RfukWL4q5auVNI4s2AcHoABscAqq4BLUQB1gcAcewBN4Nu6NR+PFeJ23Zox0Zhf8gPH2CYhzlu0=</latexit>

log2n�2(x)
<latexit sha1_base64="/T0opEBs0fzCYBQ3O8999HivuDs=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUhcPM2FbdFdy4rGAf0E5LJs20oZlkSDJqGfofblwo4tZ/ceffmD4EFT1w4XDOvdx7TxAzqrTjfFiZpeWV1bXsem5jc2t7J7+711AikZjUsWBCtgKkCKOc1DXVjLRiSVAUMNIMRpdTv3lLpKKC3+hxTPwIDTgNKUbaSN0OE4Nu6vETb1K8P+7lC47tuWWvUoZzcuEuSKkEXduZoQAWqPXy752+wElEuMYMKdV2nVj7KZKaYkYmuU6iSIzwCA1I21COIqL8dHb1BB4ZpQ9DIU1xDWfq94kURUqNo8B0RkgP1W9vKv7ltRMdnvsp5XGiCcfzRWHCoBZwGgHsU0mwZmNDEJbU3ArxEEmEtQkqZ0L4+hT+Txqe7Z7a5etSoVpZxJEFB+AQFIELzkAVXIEaqAMMJHgAT+DZurMerRfrdd6asRYz++AHrLdPs5CR+A==</latexit>

log2n�1(x)
<latexit sha1_base64="x3xrNmTXha9FgcTrLYN556CFxh8=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUhcPM2FbdFdy4rGAf0E5LJs20oZlkSDJqGfofblwo4tZ/ceffmD4EFT1w4XDOvdx7TxAzqrTjfFiZpeWV1bXsem5jc2t7J7+711AikZjUsWBCtgKkCKOc1DXVjLRiSVAUMNIMRpdTv3lLpKKC3+hxTPwIDTgNKUbaSN0OE4Nu6vETd1K8P+7lC47tuWWvUoZzcuEuSKkEXduZoQAWqPXy752+wElEuMYMKdV2nVj7KZKaYkYmuU6iSIzwCA1I21COIqL8dHb1BB4ZpQ9DIU1xDWfq94kURUqNo8B0RkgP1W9vKv7ltRMdnvsp5XGiCcfzRWHCoBZwGgHsU0mwZmNDEJbU3ArxEEmEtQkqZ0L4+hT+Txqe7Z7a5etSoVpZxJEFB+AQFIELzkAVXIEaqAMMJHgAT+DZurMerRfrdd6asRYz++AHrLdPsgiR9w==</latexit>

Leading power

Next-to-leading power

LL NLL

· · ·<latexit sha1_base64="EGk9VCz+U69ZWpkFWfKuqAWsFWI=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqW/VW8OKxgv2ANpTNZtOu3WTD7kYoof/BiwdFvPp/vPlv3LYRVPTBwOO9GWbm+QlnSjvOh1VYWV1b3yhulra2d3b3yvsHHSVSSWibCC5kz8eKchbTtmaa014iKY58Trv+5Grud++pVEzEt3qaUC/Co5iFjGBtpM6ABEKrYbni2FW3Xm3U0ZJcujmp1ZBrOwtUIEdrWH4fBIKkEY014Vipvusk2suw1IxwOisNUkUTTCZ4RPuGxjiiyssW187QiVECFAppKtZooX6fyHCk1DTyTWeE9Vj99ubiX14/1eGFl7E4STWNyXJRmHKkBZq/jgImKdF8aggmkplbERljiYk2AZVMCF+fov9Jp2q7Z3b9plZpNvI4inAEx3AKLpxDE66hBW0gcAcP8ATPlrAerRfrddlasPKZQ/gB6+0TAm+PZQ==</latexit>

· · ·<latexit sha1_base64="EGk9VCz+U69ZWpkFWfKuqAWsFWI=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqW/VW8OKxgv2ANpTNZtOu3WTD7kYoof/BiwdFvPp/vPlv3LYRVPTBwOO9GWbm+QlnSjvOh1VYWV1b3yhulra2d3b3yvsHHSVSSWibCC5kz8eKchbTtmaa014iKY58Trv+5Grud++pVEzEt3qaUC/Co5iFjGBtpM6ABEKrYbni2FW3Xm3U0ZJcujmp1ZBrOwtUIEdrWH4fBIKkEY014Vipvusk2suw1IxwOisNUkUTTCZ4RPuGxjiiyssW187QiVECFAppKtZooX6fyHCk1DTyTWeE9Vj99ubiX14/1eGFl7E4STWNyXJRmHKkBZq/jgImKdF8aggmkplbERljiYk2AZVMCF+fov9Jp2q7Z3b9plZpNvI4inAEx3AKLpxDE66hBW0gcAcP8ATPlrAerRfrddlasPKZQ/gB6+0TAm+PZQ==</latexit>

SUMMARY AND OUTLOOK

WHAT HAVE WE LEARNED?

J.S. Sinninghe DamstéTheorist’s tools for precision physics Jamboree 2019

▸ Perturbation theory may provide us with excellent predictions

▸ Resummation is the required tool when large logarithms appear 

▸ LL resummation at NLP is numerically important



log2n�1(x)

x
<latexit sha1_base64="CaiNHIP24dBnKrNQN0MM3vbcDr8=">AAACAXicdVDLSsNAFJ3UV62vqBvBzWAR6sKSxLbqruDGZQX7gLaWyXTSDp1MwsxEWkLc+CtuXCji1r9w5984bSOo6IELh3Pu5d573JBRqSzrw8gsLC4tr2RXc2vrG5tb5vZOQwaRwKSOAxaIloskYZSTuqKKkVYoCPJdRpru6GLqN2+JkDTg12oSkq6PBpx6FCOlpZ651/EEwnGHBYOb2OHHdlIYHyXxOOmZeavo2GWnUoZzcm6npFSCdtGaIQ9S1Hrme6cf4MgnXGGGpGzbVqi6MRKKYkaSXCeSJER4hAakrSlHPpHdePZBAg+10odeIHRxBWfq94kY+VJOfFd3+kgN5W9vKv7ltSPlnXVjysNIEY7ni7yIQRXAaRywTwXBik00QVhQfSvEQ6QjUTq0nA7h61P4P2k4RfukWL4q5auVNI4s2AcHoABscAqq4BLUQB1gcAcewBN4Nu6NR+PFeJ23Zox0Zhf8gPH2CYbnluw=</latexit>

log2n�2(x)

x
<latexit sha1_base64="zztZiIpTTfWEeoRM7TcOwfxEmfg=">AAACAXicdVDLSsNAFJ3UV62vqBvBzWAR6sKSxLbqruDGZQX7gLaWyXTSDp1MwsxEWkLc+CtuXCji1r9w5984bSOo6IELh3Pu5d573JBRqSzrw8gsLC4tr2RXc2vrG5tb5vZOQwaRwKSOAxaIloskYZSTuqKKkVYoCPJdRpru6GLqN2+JkDTg12oSkq6PBpx6FCOlpZ651/EEwnGHBYOb2OHHTlIYHyXxOOmZeavo2GWnUoZzcm6npFSCdtGaIQ9S1Hrme6cf4MgnXGGGpGzbVqi6MRKKYkaSXCeSJER4hAakrSlHPpHdePZBAg+10odeIHRxBWfq94kY+VJOfFd3+kgN5W9vKv7ltSPlnXVjysNIEY7ni7yIQRXAaRywTwXBik00QVhQfSvEQ6QjUTq0nA7h61P4P2k4RfukWL4q5auVNI4s2AcHoABscAqq4BLUQB1gcAcewBN4Nu6NR+PFeJ23Zox0Zhf8gPH2CYhzlu0=</latexit>

log2n�2(x)
<latexit sha1_base64="/T0opEBs0fzCYBQ3O8999HivuDs=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUhcPM2FbdFdy4rGAf0E5LJs20oZlkSDJqGfofblwo4tZ/ceffmD4EFT1w4XDOvdx7TxAzqrTjfFiZpeWV1bXsem5jc2t7J7+711AikZjUsWBCtgKkCKOc1DXVjLRiSVAUMNIMRpdTv3lLpKKC3+hxTPwIDTgNKUbaSN0OE4Nu6vETb1K8P+7lC47tuWWvUoZzcuEuSKkEXduZoQAWqPXy752+wElEuMYMKdV2nVj7KZKaYkYmuU6iSIzwCA1I21COIqL8dHb1BB4ZpQ9DIU1xDWfq94kURUqNo8B0RkgP1W9vKv7ltRMdnvsp5XGiCcfzRWHCoBZwGgHsU0mwZmNDEJbU3ArxEEmEtQkqZ0L4+hT+Txqe7Z7a5etSoVpZxJEFB+AQFIELzkAVXIEaqAMMJHgAT+DZurMerRfrdd6asRYz++AHrLdPs5CR+A==</latexit>

log2n�1(x)
<latexit sha1_base64="x3xrNmTXha9FgcTrLYN556CFxh8=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUhcPM2FbdFdy4rGAf0E5LJs20oZlkSDJqGfofblwo4tZ/ceffmD4EFT1w4XDOvdx7TxAzqrTjfFiZpeWV1bXsem5jc2t7J7+711AikZjUsWBCtgKkCKOc1DXVjLRiSVAUMNIMRpdTv3lLpKKC3+hxTPwIDTgNKUbaSN0OE4Nu6vETd1K8P+7lC47tuWWvUoZzcuEuSKkEXduZoQAWqPXy752+wElEuMYMKdV2nVj7KZKaYkYmuU6iSIzwCA1I21COIqL8dHb1BB4ZpQ9DIU1xDWfq94kURUqNo8B0RkgP1W9vKv7ltRMdnvsp5XGiCcfzRWHCoBZwGgHsU0mwZmNDEJbU3ArxEEmEtQkqZ0L4+hT+Txqe7Z7a5etSoVpZxJEFB+AQFIELzkAVXIEaqAMMJHgAT+DZurMerRfrdd6asRYz++AHrLdPsgiR9w==</latexit>

Leading power

Next-to-leading power

LL NLL

· · ·<latexit sha1_base64="EGk9VCz+U69ZWpkFWfKuqAWsFWI=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqW/VW8OKxgv2ANpTNZtOu3WTD7kYoof/BiwdFvPp/vPlv3LYRVPTBwOO9GWbm+QlnSjvOh1VYWV1b3yhulra2d3b3yvsHHSVSSWibCC5kz8eKchbTtmaa014iKY58Trv+5Grud++pVEzEt3qaUC/Co5iFjGBtpM6ABEKrYbni2FW3Xm3U0ZJcujmp1ZBrOwtUIEdrWH4fBIKkEY014Vipvusk2suw1IxwOisNUkUTTCZ4RPuGxjiiyssW187QiVECFAppKtZooX6fyHCk1DTyTWeE9Vj99ubiX14/1eGFl7E4STWNyXJRmHKkBZq/jgImKdF8aggmkplbERljiYk2AZVMCF+fov9Jp2q7Z3b9plZpNvI4inAEx3AKLpxDE66hBW0gcAcP8ATPlrAerRfrddlasPKZQ/gB6+0TAm+PZQ==</latexit>

· · ·<latexit sha1_base64="EGk9VCz+U69ZWpkFWfKuqAWsFWI=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqW/VW8OKxgv2ANpTNZtOu3WTD7kYoof/BiwdFvPp/vPlv3LYRVPTBwOO9GWbm+QlnSjvOh1VYWV1b3yhulra2d3b3yvsHHSVSSWibCC5kz8eKchbTtmaa014iKY58Trv+5Grud++pVEzEt3qaUC/Co5iFjGBtpM6ABEKrYbni2FW3Xm3U0ZJcujmp1ZBrOwtUIEdrWH4fBIKkEY014Vipvusk2suw1IxwOisNUkUTTCZ4RPuGxjiiyssW187QiVECFAppKtZooX6fyHCk1DTyTWeE9Vj99ubiX14/1eGFl7E4STWNyXJRmHKkBZq/jgImKdF8aggmkplbERljiYk2AZVMCF+fov9Jp2q7Z3b9plZpNvI4inAEx3AKLpxDE66hBW0gcAcP8ATPlrAerRfrddlasPKZQ/gB6+0TAm+PZQ==</latexit>

SUMMARY AND OUTLOOK

WHAT HAVE WE LEARNED?

J.S. Sinninghe DamstéTheorist’s tools for precision physics Jamboree 2019

▸ Perturbation theory may provide us with excellent predictions

▸ Resummation is the required tool when large logarithms appear 

▸ LL resummation at NLP is numerically important

▸ Motivates further study of sub-leading logarithms at NLP



log2n�1(x)

x
<latexit sha1_base64="CaiNHIP24dBnKrNQN0MM3vbcDr8=">AAACAXicdVDLSsNAFJ3UV62vqBvBzWAR6sKSxLbqruDGZQX7gLaWyXTSDp1MwsxEWkLc+CtuXCji1r9w5984bSOo6IELh3Pu5d573JBRqSzrw8gsLC4tr2RXc2vrG5tb5vZOQwaRwKSOAxaIloskYZSTuqKKkVYoCPJdRpru6GLqN2+JkDTg12oSkq6PBpx6FCOlpZ651/EEwnGHBYOb2OHHdlIYHyXxOOmZeavo2GWnUoZzcm6npFSCdtGaIQ9S1Hrme6cf4MgnXGGGpGzbVqi6MRKKYkaSXCeSJER4hAakrSlHPpHdePZBAg+10odeIHRxBWfq94kY+VJOfFd3+kgN5W9vKv7ltSPlnXVjysNIEY7ni7yIQRXAaRywTwXBik00QVhQfSvEQ6QjUTq0nA7h61P4P2k4RfukWL4q5auVNI4s2AcHoABscAqq4BLUQB1gcAcewBN4Nu6NR+PFeJ23Zox0Zhf8gPH2CYbnluw=</latexit>

log2n�2(x)

x
<latexit sha1_base64="zztZiIpTTfWEeoRM7TcOwfxEmfg=">AAACAXicdVDLSsNAFJ3UV62vqBvBzWAR6sKSxLbqruDGZQX7gLaWyXTSDp1MwsxEWkLc+CtuXCji1r9w5984bSOo6IELh3Pu5d573JBRqSzrw8gsLC4tr2RXc2vrG5tb5vZOQwaRwKSOAxaIloskYZSTuqKKkVYoCPJdRpru6GLqN2+JkDTg12oSkq6PBpx6FCOlpZ651/EEwnGHBYOb2OHHTlIYHyXxOOmZeavo2GWnUoZzcm6npFSCdtGaIQ9S1Hrme6cf4MgnXGGGpGzbVqi6MRKKYkaSXCeSJER4hAakrSlHPpHdePZBAg+10odeIHRxBWfq94kY+VJOfFd3+kgN5W9vKv7ltSPlnXVjysNIEY7ni7yIQRXAaRywTwXBik00QVhQfSvEQ6QjUTq0nA7h61P4P2k4RfukWL4q5auVNI4s2AcHoABscAqq4BLUQB1gcAcewBN4Nu6NR+PFeJ23Zox0Zhf8gPH2CYhzlu0=</latexit>

log2n�2(x)
<latexit sha1_base64="/T0opEBs0fzCYBQ3O8999HivuDs=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUhcPM2FbdFdy4rGAf0E5LJs20oZlkSDJqGfofblwo4tZ/ceffmD4EFT1w4XDOvdx7TxAzqrTjfFiZpeWV1bXsem5jc2t7J7+711AikZjUsWBCtgKkCKOc1DXVjLRiSVAUMNIMRpdTv3lLpKKC3+hxTPwIDTgNKUbaSN0OE4Nu6vETb1K8P+7lC47tuWWvUoZzcuEuSKkEXduZoQAWqPXy752+wElEuMYMKdV2nVj7KZKaYkYmuU6iSIzwCA1I21COIqL8dHb1BB4ZpQ9DIU1xDWfq94kURUqNo8B0RkgP1W9vKv7ltRMdnvsp5XGiCcfzRWHCoBZwGgHsU0mwZmNDEJbU3ArxEEmEtQkqZ0L4+hT+Txqe7Z7a5etSoVpZxJEFB+AQFIELzkAVXIEaqAMMJHgAT+DZurMerRfrdd6asRYz++AHrLdPs5CR+A==</latexit>

log2n�1(x)
<latexit sha1_base64="x3xrNmTXha9FgcTrLYN556CFxh8=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUhcPM2FbdFdy4rGAf0E5LJs20oZlkSDJqGfofblwo4tZ/ceffmD4EFT1w4XDOvdx7TxAzqrTjfFiZpeWV1bXsem5jc2t7J7+711AikZjUsWBCtgKkCKOc1DXVjLRiSVAUMNIMRpdTv3lLpKKC3+hxTPwIDTgNKUbaSN0OE4Nu6vETd1K8P+7lC47tuWWvUoZzcuEuSKkEXduZoQAWqPXy752+wElEuMYMKdV2nVj7KZKaYkYmuU6iSIzwCA1I21COIqL8dHb1BB4ZpQ9DIU1xDWfq94kURUqNo8B0RkgP1W9vKv7ltRMdnvsp5XGiCcfzRWHCoBZwGgHsU0mwZmNDEJbU3ArxEEmEtQkqZ0L4+hT+Txqe7Z7a5etSoVpZxJEFB+AQFIELzkAVXIEaqAMMJHgAT+DZurMerRfrdd6asRYz++AHrLdPsgiR9w==</latexit>

Leading power

Next-to-leading power

LL NLL

· · ·<latexit sha1_base64="EGk9VCz+U69ZWpkFWfKuqAWsFWI=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqW/VW8OKxgv2ANpTNZtOu3WTD7kYoof/BiwdFvPp/vPlv3LYRVPTBwOO9GWbm+QlnSjvOh1VYWV1b3yhulra2d3b3yvsHHSVSSWibCC5kz8eKchbTtmaa014iKY58Trv+5Grud++pVEzEt3qaUC/Co5iFjGBtpM6ABEKrYbni2FW3Xm3U0ZJcujmp1ZBrOwtUIEdrWH4fBIKkEY014Vipvusk2suw1IxwOisNUkUTTCZ4RPuGxjiiyssW187QiVECFAppKtZooX6fyHCk1DTyTWeE9Vj99ubiX14/1eGFl7E4STWNyXJRmHKkBZq/jgImKdF8aggmkplbERljiYk2AZVMCF+fov9Jp2q7Z3b9plZpNvI4inAEx3AKLpxDE66hBW0gcAcP8ATPlrAerRfrddlasPKZQ/gB6+0TAm+PZQ==</latexit>

· · ·<latexit sha1_base64="EGk9VCz+U69ZWpkFWfKuqAWsFWI=">AAAB7XicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqW/VW8OKxgv2ANpTNZtOu3WTD7kYoof/BiwdFvPp/vPlv3LYRVPTBwOO9GWbm+QlnSjvOh1VYWV1b3yhulra2d3b3yvsHHSVSSWibCC5kz8eKchbTtmaa014iKY58Trv+5Grud++pVEzEt3qaUC/Co5iFjGBtpM6ABEKrYbni2FW3Xm3U0ZJcujmp1ZBrOwtUIEdrWH4fBIKkEY014Vipvusk2suw1IxwOisNUkUTTCZ4RPuGxjiiyssW187QiVECFAppKtZooX6fyHCk1DTyTWeE9Vj99ubiX14/1eGFl7E4STWNyXJRmHKkBZq/jgImKdF8aggmkplbERljiYk2AZVMCF+fov9Jp2q7Z3b9plZpNvI4inAEx3AKLpxDE66hBW0gcAcP8ATPlrAerRfrddlasPKZQ/gB6+0TAm+PZQ==</latexit>

SUMMARY AND OUTLOOK

WHAT HAVE WE LEARNED?

J.S. Sinninghe DamstéTheorist’s tools for precision physics Jamboree 2019

▸ Perturbation theory may provide us with excellent predictions

▸ Resummation is the required tool when large logarithms appear 

▸ LL resummation at NLP is numerically important

▸ Motivates further study of sub-leading logarithms at NLP

 The quest for precision continues…


