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One of the least tested processes      

- WWA and ZAA measured at LEP 2

- Massive triple gauge boson search since LHC Run2


Rich decay products as backgrounds of other SM processes/BSM searches


Manifest triple/quartic gauge boson couplings

- Verify the non-Abelian gauge structure predicted by the SM

- Induce potentially non-standard gauge couplings —> small deviations?
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Triple gauge boson production - Features   

?
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[OPAL Collaboration (1999)] [L3 Collaboration (2002)]

https://arxiv.org/abs/hep-ex/9910069
https://arxiv.org/abs/hep-ex/0206050
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Standard Model effective field theory 

SMEFT (bottom-up)
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illustration
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precision required

to tell if “small deviation” is true
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indirect search
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Next-to-leading order EW corrections

[Kallweit, Lindert, Pozzorini, Schönherr (2017)]

Total cross section:


Differential cross section: 

Photon induced channel: photon parton distribution functions (�PDFs)
<latexit sha1_base64="oC1ViKb5rQqO9ZK1SAtaHpYR/2s=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRahXkoigh6LinisYD+gCWWz3bZLdzdhdyKGUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZF8acaXDdb6uwsrq2vlHcLG1t7+zu2fsHLR0litAmiXikOiHWlDNJm8CA006sKBYhp+1wfDX12w9UaRbJe0hjGgg8lGzACAYj9exy1R9iIbAP9BGyxvWNnpz07Ipbc2dwlomXkwrK0ejZX34/IomgEgjHWnc9N4YgwwoY4XRS8hNNY0zGeEi7hkosqA6y2fET59gofWcQKVMSnJn6eyLDQutUhKZTYBjpRW8q/ud1ExhcBBmTcQJUkvmiQcIdiJxpEk6fKUqAp4Zgopi51SEjrDABk1fJhOAtvrxMWqc1z615d2eV+mUeRxEdoiNURR46R3V0ixqoiQhK0TN6RW/Wk/VivVsf89aClc+U0R9Ynz8/sJR/</latexit><latexit sha1_base64="oC1ViKb5rQqO9ZK1SAtaHpYR/2s=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRahXkoigh6LinisYD+gCWWz3bZLdzdhdyKGUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZF8acaXDdb6uwsrq2vlHcLG1t7+zu2fsHLR0litAmiXikOiHWlDNJm8CA006sKBYhp+1wfDX12w9UaRbJe0hjGgg8lGzACAYj9exy1R9iIbAP9BGyxvWNnpz07Ipbc2dwlomXkwrK0ejZX34/IomgEgjHWnc9N4YgwwoY4XRS8hNNY0zGeEi7hkosqA6y2fET59gofWcQKVMSnJn6eyLDQutUhKZTYBjpRW8q/ud1ExhcBBmTcQJUkvmiQcIdiJxpEk6fKUqAp4Zgopi51SEjrDABk1fJhOAtvrxMWqc1z615d2eV+mUeRxEdoiNURR46R3V0ixqoiQhK0TN6RW/Wk/VivVsf89aClc+U0R9Ynz8/sJR/</latexit><latexit sha1_base64="oC1ViKb5rQqO9ZK1SAtaHpYR/2s=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRahXkoigh6LinisYD+gCWWz3bZLdzdhdyKGUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZF8acaXDdb6uwsrq2vlHcLG1t7+zu2fsHLR0litAmiXikOiHWlDNJm8CA006sKBYhp+1wfDX12w9UaRbJe0hjGgg8lGzACAYj9exy1R9iIbAP9BGyxvWNnpz07Ipbc2dwlomXkwrK0ejZX34/IomgEgjHWnc9N4YgwwoY4XRS8hNNY0zGeEi7hkosqA6y2fET59gofWcQKVMSnJn6eyLDQutUhKZTYBjpRW8q/ud1ExhcBBmTcQJUkvmiQcIdiJxpEk6fKUqAp4Zgopi51SEjrDABk1fJhOAtvrxMWqc1z615d2eV+mUeRxEdoiNURR46R3V0ixqoiQhK0TN6RW/Wk/VivVsf89aClc+U0R9Ynz8/sJR/</latexit><latexit sha1_base64="oC1ViKb5rQqO9ZK1SAtaHpYR/2s=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRahXkoigh6LinisYD+gCWWz3bZLdzdhdyKGUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZF8acaXDdb6uwsrq2vlHcLG1t7+zu2fsHLR0litAmiXikOiHWlDNJm8CA006sKBYhp+1wfDX12w9UaRbJe0hjGgg8lGzACAYj9exy1R9iIbAP9BGyxvWNnpz07Ipbc2dwlomXkwrK0ejZX34/IomgEgjHWnc9N4YgwwoY4XRS8hNNY0zGeEi7hkosqA6y2fET59gofWcQKVMSnJn6eyLDQutUhKZTYBjpRW8q/ud1ExhcBBmTcQJUkvmiQcIdiJxpEk6fKUqAp4Zgopi51SEjrDABk1fJhOAtvrxMWqc1z615d2eV+mUeRxEdoiNURR46R3V0ixqoiQhK0TN6RW/Wk/VivVsf89aClc+U0R9Ynz8/sJR/</latexit>

[Manohar, Nason, Salam, Zanderighi (2016)]

↵2
s ⇠ ↵ ) if NNLOQCD reached, then NLOEW needed.

<latexit sha1_base64="Ehaf4LhQITNJ4ZYekHWxugnSWZ4="></latexit><latexit sha1_base64="Ehaf4LhQITNJ4ZYekHWxugnSWZ4="></latexit><latexit sha1_base64="Ehaf4LhQITNJ4ZYekHWxugnSWZ4="></latexit><latexit sha1_base64="Ehaf4LhQITNJ4ZYekHWxugnSWZ4="></latexit>

shape of distributions significantly changed.
<latexit sha1_base64="r6c5C+MDAMYf9/io5JfN4NDSblw=">AAACIXicbVDLSsNAFJ3UV62vqks3wSK4KokIFropuHFZwT6gKWUyuWmHTiZh5kYsob/ixl9x40KR7sSfcdpmoa0HBg7n3Mudc/xEcI2O82UVNja3tneKu6W9/YPDo/LxSVvHqWLQYrGIVdenGgSX0EKOArqJAhr5Ajr++Hbudx5BaR7LB5wk0I/oUPKQM4pGGpRrHsITZnpEE/DqcejVA3NUcT+d+9qra57PSxQTr85GVA4hqE4H5YpTdRaw14mbkwrJ0RyUZ14QszQCiUxQrXuuk2A/owo5EzAteamGhLIxHULPUEkj0P1skXBqXxglsMNYmSfRXqi/NzIaaT2JfDMZURzpVW8u/uf1Ugxr/YzLJEWQbHkoTIWNsT2vyw64AmaSG0KZ4uavtqlAUYam1JIpwV2NvE7aV1XXqbr315VGLa+jSM7IObkkLrkhDXJHmqRFGHkmr+SdfFgv1pv1ac2WowUr3zklf2B9/wDzy6Ur</latexit><latexit sha1_base64="r6c5C+MDAMYf9/io5JfN4NDSblw=">AAACIXicbVDLSsNAFJ3UV62vqks3wSK4KokIFropuHFZwT6gKWUyuWmHTiZh5kYsob/ixl9x40KR7sSfcdpmoa0HBg7n3Mudc/xEcI2O82UVNja3tneKu6W9/YPDo/LxSVvHqWLQYrGIVdenGgSX0EKOArqJAhr5Ajr++Hbudx5BaR7LB5wk0I/oUPKQM4pGGpRrHsITZnpEE/DqcejVA3NUcT+d+9qra57PSxQTr85GVA4hqE4H5YpTdRaw14mbkwrJ0RyUZ14QszQCiUxQrXuuk2A/owo5EzAteamGhLIxHULPUEkj0P1skXBqXxglsMNYmSfRXqi/NzIaaT2JfDMZURzpVW8u/uf1Ugxr/YzLJEWQbHkoTIWNsT2vyw64AmaSG0KZ4uavtqlAUYam1JIpwV2NvE7aV1XXqbr315VGLa+jSM7IObkkLrkhDXJHmqRFGHkmr+SdfFgv1pv1ac2WowUr3zklf2B9/wDzy6Ur</latexit><latexit sha1_base64="r6c5C+MDAMYf9/io5JfN4NDSblw=">AAACIXicbVDLSsNAFJ3UV62vqks3wSK4KokIFropuHFZwT6gKWUyuWmHTiZh5kYsob/ixl9x40KR7sSfcdpmoa0HBg7n3Mudc/xEcI2O82UVNja3tneKu6W9/YPDo/LxSVvHqWLQYrGIVdenGgSX0EKOArqJAhr5Ajr++Hbudx5BaR7LB5wk0I/oUPKQM4pGGpRrHsITZnpEE/DqcejVA3NUcT+d+9qra57PSxQTr85GVA4hqE4H5YpTdRaw14mbkwrJ0RyUZ14QszQCiUxQrXuuk2A/owo5EzAteamGhLIxHULPUEkj0P1skXBqXxglsMNYmSfRXqi/NzIaaT2JfDMZURzpVW8u/uf1Ugxr/YzLJEWQbHkoTIWNsT2vyw64AmaSG0KZ4uavtqlAUYam1JIpwV2NvE7aV1XXqbr315VGLa+jSM7IObkkLrkhDXJHmqRFGHkmr+SdfFgv1pv1ac2WowUr3zklf2B9/wDzy6Ur</latexit><latexit sha1_base64="r6c5C+MDAMYf9/io5JfN4NDSblw=">AAACIXicbVDLSsNAFJ3UV62vqks3wSK4KokIFropuHFZwT6gKWUyuWmHTiZh5kYsob/ixl9x40KR7sSfcdpmoa0HBg7n3Mudc/xEcI2O82UVNja3tneKu6W9/YPDo/LxSVvHqWLQYrGIVdenGgSX0EKOArqJAhr5Ajr++Hbudx5BaR7LB5wk0I/oUPKQM4pGGpRrHsITZnpEE/DqcejVA3NUcT+d+9qra57PSxQTr85GVA4hqE4H5YpTdRaw14mbkwrJ0RyUZ14QszQCiUxQrXuuk2A/owo5EzAteamGhLIxHULPUEkj0P1skXBqXxglsMNYmSfRXqi/NzIaaT2JfDMZURzpVW8u/uf1Ugxr/YzLJEWQbHkoTIWNsT2vyw64AmaSG0KZ4uavtqlAUYam1JIpwV2NvE7aV1XXqbr315VGLa+jSM7IObkkLrkhDXJHmqRFGHkmr+SdfFgv1pv1ac2WowUr3zklf2B9/wDzy6Ur</latexit>

! Weak (Sudakov logarithm)
<latexit sha1_base64="fE0h+KTFyamo1FhAPnhf6EGGxHM="></latexit><latexit sha1_base64="fE0h+KTFyamo1FhAPnhf6EGGxHM="></latexit><latexit sha1_base64="fE0h+KTFyamo1FhAPnhf6EGGxHM="></latexit><latexit sha1_base64="fE0h+KTFyamo1FhAPnhf6EGGxHM="></latexit>

! QED (real photon radiation)
<latexit sha1_base64="6couZ87f5UEOfcZTaRnUYbtxWrk="></latexit><latexit sha1_base64="6couZ87f5UEOfcZTaRnUYbtxWrk="></latexit><latexit sha1_base64="6couZ87f5UEOfcZTaRnUYbtxWrk="></latexit><latexit sha1_base64="6couZ87f5UEOfcZTaRnUYbtxWrk="></latexit>

Example: NLO EW corrections to W+W�
production with leptonic decays

<latexit sha1_base64="kdRFZwHlGQYl8Inlw1wHghSoVm8="></latexit><latexit sha1_base64="kdRFZwHlGQYl8Inlw1wHghSoVm8="></latexit><latexit sha1_base64="kdRFZwHlGQYl8Inlw1wHghSoVm8="></latexit><latexit sha1_base64="kdRFZwHlGQYl8Inlw1wHghSoVm8="></latexit>

https://arxiv.org/abs/1705.00598
https://arxiv.org/abs/1607.04266
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Measurements of triboson production at the LHC

[CMS Collaboration, May 2021]

[CMS Collaboration (2020)]

[ATLAS Collaboration (2019)]

three massive gauge bosons production
<latexit sha1_base64="ysiFKJNqk5Kvbwb32zOZ13QqN2s=">AAACFXicbVDLSgMxFM34rPU16tJNsAgupMyIoMuCG5cV7APaUjLpbRuaSYbkTrEM/Qk3/oobF4q4Fdz5N6aPhbYeCBzOOTfJPVEihcUg+PZWVtfWNzZzW/ntnd29ff/gsGp1ajhUuJba1CNmQQoFFRQooZ4YYHEkoRYNbiZ+bQjGCq3ucZRAK2Y9JbqCM3RS2z9vIjxghn0DQGNmrRgC7bG0BzTSVitLE6M7KZ+kx22/EBSDKegyCeekQOYot/2vZkfzNAaFXLrLG2GQYCtjBgWXMM43UwsJ4wPWg4ajisVgW9l0qzE9dUqHdrVxRyGdqr8nMhZbO4ojl4wZ9u2iNxH/8xopdq9bmVBJiqD47KFuKilqOqmIdoQBjnLkCONGuL9S3meGcXRF5l0J4eLKy6R6UQyDYnh3WSiF8zpy5JickDMSkitSIrekTCqEk0fyTF7Jm/fkvXjv3scsuuLNZ47IH3ifP/OIn98=</latexit><latexit sha1_base64="ysiFKJNqk5Kvbwb32zOZ13QqN2s=">AAACFXicbVDLSgMxFM34rPU16tJNsAgupMyIoMuCG5cV7APaUjLpbRuaSYbkTrEM/Qk3/oobF4q4Fdz5N6aPhbYeCBzOOTfJPVEihcUg+PZWVtfWNzZzW/ntnd29ff/gsGp1ajhUuJba1CNmQQoFFRQooZ4YYHEkoRYNbiZ+bQjGCq3ucZRAK2Y9JbqCM3RS2z9vIjxghn0DQGNmrRgC7bG0BzTSVitLE6M7KZ+kx22/EBSDKegyCeekQOYot/2vZkfzNAaFXLrLG2GQYCtjBgWXMM43UwsJ4wPWg4ajisVgW9l0qzE9dUqHdrVxRyGdqr8nMhZbO4ojl4wZ9u2iNxH/8xopdq9bmVBJiqD47KFuKilqOqmIdoQBjnLkCONGuL9S3meGcXRF5l0J4eLKy6R6UQyDYnh3WSiF8zpy5JickDMSkitSIrekTCqEk0fyTF7Jm/fkvXjv3scsuuLNZ47IH3ifP/OIn98=</latexit><latexit sha1_base64="ysiFKJNqk5Kvbwb32zOZ13QqN2s=">AAACFXicbVDLSgMxFM34rPU16tJNsAgupMyIoMuCG5cV7APaUjLpbRuaSYbkTrEM/Qk3/oobF4q4Fdz5N6aPhbYeCBzOOTfJPVEihcUg+PZWVtfWNzZzW/ntnd29ff/gsGp1ajhUuJba1CNmQQoFFRQooZ4YYHEkoRYNbiZ+bQjGCq3ucZRAK2Y9JbqCM3RS2z9vIjxghn0DQGNmrRgC7bG0BzTSVitLE6M7KZ+kx22/EBSDKegyCeekQOYot/2vZkfzNAaFXLrLG2GQYCtjBgWXMM43UwsJ4wPWg4ajisVgW9l0qzE9dUqHdrVxRyGdqr8nMhZbO4ojl4wZ9u2iNxH/8xopdq9bmVBJiqD47KFuKilqOqmIdoQBjnLkCONGuL9S3meGcXRF5l0J4eLKy6R6UQyDYnh3WSiF8zpy5JickDMSkitSIrekTCqEk0fyTF7Jm/fkvXjv3scsuuLNZ47IH3ifP/OIn98=</latexit><latexit sha1_base64="ysiFKJNqk5Kvbwb32zOZ13QqN2s=">AAACFXicbVDLSgMxFM34rPU16tJNsAgupMyIoMuCG5cV7APaUjLpbRuaSYbkTrEM/Qk3/oobF4q4Fdz5N6aPhbYeCBzOOTfJPVEihcUg+PZWVtfWNzZzW/ntnd29ff/gsGp1ajhUuJba1CNmQQoFFRQooZ4YYHEkoRYNbiZ+bQjGCq3ucZRAK2Y9JbqCM3RS2z9vIjxghn0DQGNmrRgC7bG0BzTSVitLE6M7KZ+kx22/EBSDKegyCeekQOYot/2vZkfzNAaFXLrLG2GQYCtjBgWXMM43UwsJ4wPWg4ajisVgW9l0qzE9dUqHdrVxRyGdqr8nMhZbO4ojl4wZ9u2iNxH/8xopdq9bmVBJiqD47KFuKilqOqmIdoQBjnLkCONGuL9S3meGcXRF5l0J4eLKy6R6UQyDYnh3WSiF8zpy5JickDMSkitSIrekTCqEk0fyTF7Jm/fkvXjv3scsuuLNZ47IH3ifP/OIn98=</latexit>

[ATLAS Collaboration, March 2021]

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined
https://inspirehep.net/literature/1790514
https://arxiv.org/abs/1903.10415
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-005/
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Calculations of NLO EW corrections to triboson production

p p ! W W W
<latexit sha1_base64="mMspR4M1EuH9OVDspmvu+WTBOiE=">AAACDnicbZDLSgMxFIYzXmu9jbp0EywFV2VGBIVuim5cVrAX6JSSSTNtaGYyJGfUMvQJ3Pgqblwo4ta1O9/GTDuIth4S+Pj/c0jO78eCa3CcL2tpeWV1bb2wUdzc2t7Ztff2m1omirIGlUKqtk80EzxiDeAgWDtWjIS+YC1/dJn5rVumNJfRDYxj1g3JIOIBpwSM1LPLHrB7SOOJV/0hxQdDIErJO9zyqtnp2SWn4kwLL4KbQwnlVe/Zn15f0iRkEVBBtO64TgzdlCjgVLBJ0Us0iwkdkQHrGIxIyHQ3na4zwWWj9HEglbkR4Kn6eyIlodbj0DedIYGhnvcy8T+vk0Bw3k15FCfAIjp7KEgEBomzbHCfK0ZBjA0Qqrj5K6ZDoggFk2DRhODOr7wIzZOK61Tc69NS7SKPo4AO0RE6Ri46QzV0heqogSh6QE/oBb1aj9az9Wa9z1qXrHzmAP0p6+MbImicvg==</latexit><latexit sha1_base64="mMspR4M1EuH9OVDspmvu+WTBOiE=">AAACDnicbZDLSgMxFIYzXmu9jbp0EywFV2VGBIVuim5cVrAX6JSSSTNtaGYyJGfUMvQJ3Pgqblwo4ta1O9/GTDuIth4S+Pj/c0jO78eCa3CcL2tpeWV1bb2wUdzc2t7Ztff2m1omirIGlUKqtk80EzxiDeAgWDtWjIS+YC1/dJn5rVumNJfRDYxj1g3JIOIBpwSM1LPLHrB7SOOJV/0hxQdDIErJO9zyqtnp2SWn4kwLL4KbQwnlVe/Zn15f0iRkEVBBtO64TgzdlCjgVLBJ0Us0iwkdkQHrGIxIyHQ3na4zwWWj9HEglbkR4Kn6eyIlodbj0DedIYGhnvcy8T+vk0Bw3k15FCfAIjp7KEgEBomzbHCfK0ZBjA0Qqrj5K6ZDoggFk2DRhODOr7wIzZOK61Tc69NS7SKPo4AO0RE6Ri46QzV0heqogSh6QE/oBb1aj9az9Wa9z1qXrHzmAP0p6+MbImicvg==</latexit><latexit sha1_base64="mMspR4M1EuH9OVDspmvu+WTBOiE=">AAACDnicbZDLSgMxFIYzXmu9jbp0EywFV2VGBIVuim5cVrAX6JSSSTNtaGYyJGfUMvQJ3Pgqblwo4ta1O9/GTDuIth4S+Pj/c0jO78eCa3CcL2tpeWV1bb2wUdzc2t7Ztff2m1omirIGlUKqtk80EzxiDeAgWDtWjIS+YC1/dJn5rVumNJfRDYxj1g3JIOIBpwSM1LPLHrB7SOOJV/0hxQdDIErJO9zyqtnp2SWn4kwLL4KbQwnlVe/Zn15f0iRkEVBBtO64TgzdlCjgVLBJ0Us0iwkdkQHrGIxIyHQ3na4zwWWj9HEglbkR4Kn6eyIlodbj0DedIYGhnvcy8T+vk0Bw3k15FCfAIjp7KEgEBomzbHCfK0ZBjA0Qqrj5K6ZDoggFk2DRhODOr7wIzZOK61Tc69NS7SKPo4AO0RE6Ri46QzV0heqogSh6QE/oBb1aj9az9Wa9z1qXrHzmAP0p6+MbImicvg==</latexit><latexit sha1_base64="mMspR4M1EuH9OVDspmvu+WTBOiE=">AAACDnicbZDLSgMxFIYzXmu9jbp0EywFV2VGBIVuim5cVrAX6JSSSTNtaGYyJGfUMvQJ3Pgqblwo4ta1O9/GTDuIth4S+Pj/c0jO78eCa3CcL2tpeWV1bb2wUdzc2t7Ztff2m1omirIGlUKqtk80EzxiDeAgWDtWjIS+YC1/dJn5rVumNJfRDYxj1g3JIOIBpwSM1LPLHrB7SOOJV/0hxQdDIErJO9zyqtnp2SWn4kwLL4KbQwnlVe/Zn15f0iRkEVBBtO64TgzdlCjgVLBJ0Us0iwkdkQHrGIxIyHQ3na4zwWWj9HEglbkR4Kn6eyIlodbj0DedIYGhnvcy8T+vk0Bw3k15FCfAIjp7KEgEBomzbHCfK0ZBjA0Qqrj5K6ZDoggFk2DRhODOr7wIzZOK61Tc69NS7SKPo4AO0RE6Ri46QzV0heqogSh6QE/oBb1aj9az9Wa9z1qXrHzmAP0p6+MbImicvg==</latexit>

p p ! W W Z
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1st NLO EW, on-shell production

[Nhung, Ninh, Weber (2013)]
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narrow width approximation

- MadSpin [Artoisenet, Frederix, Mattelaer, Rietkerk (2012)]


[Shen, Zhang, Ma, Li, Zhang, Guo (2015)]

[H.Wang, Zhang, Ma, Guo, Li, S.Wang (2016)]


[Y.Wang, Zhang, Ma, Li, S.Wang, Bi (2017)]
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leptonic decays for W/Z boson

- Sherpa-3.0


[Greiner, Schönherr (2017)]

narrow width approximation

- MadSpin


[Shen, Zhang, Ma, Li, Guo (2017)]


scale and PDF uncertainties

[Dittmaier, Huss, Knippen (2017)]


leptonic decays for W boson

[Schönherr (2018)]


[Dittmaier, Knippen, Schwan (2019)]

[Bozzi, Campanario, Rauch, Rzehak, Zeppenfeld (2010)]

p p ! W W �
<latexit sha1_base64="SwbY+CbMyAINrL/TVLs6XiVQmMU=">AAACE3icbZDLSgMxFIYzXmu9VV26CRZBXJQZERS6KbpxWcFeoFPKmTRtQ5OZITmjlqHv4MZXceNCEbdu3Pk2phdEWw8JfPz/OSTnD2IpDLrul7OwuLS8sppZy65vbG5t53Z2qyZKNOMVFslI1wMwXIqQV1Cg5PVYc1CB5LWgfznya7dcGxGFNziIeVNBNxQdwQCt1Mod+8jvMY2HfvGHtOj2ELSO7mjNL9rjd0EpaOXybsEdF50Hbwp5Mq1yK/fptyOWKB4ik2BMw3NjbKagUTDJh1k/MTwG1ocub1gMQXHTTMc7DemhVdq0E2l7Q6Rj9fdECsqYgQpspwLsmVlvJP7nNRLsnDdTEcYJ8pBNHuokkmJERwHRttCcoRxYAKaF/StlPdDA0MaYtSF4syvPQ/Wk4LkF7/o0X7qYxpEh++SAHBGPnJESuSJlUiGMPJAn8kJenUfn2Xlz3ietC850Zo/8KefjGz6Tnvg=</latexit><latexit sha1_base64="SwbY+CbMyAINrL/TVLs6XiVQmMU=">AAACE3icbZDLSgMxFIYzXmu9VV26CRZBXJQZERS6KbpxWcFeoFPKmTRtQ5OZITmjlqHv4MZXceNCEbdu3Pk2phdEWw8JfPz/OSTnD2IpDLrul7OwuLS8sppZy65vbG5t53Z2qyZKNOMVFslI1wMwXIqQV1Cg5PVYc1CB5LWgfznya7dcGxGFNziIeVNBNxQdwQCt1Mod+8jvMY2HfvGHtOj2ELSO7mjNL9rjd0EpaOXybsEdF50Hbwp5Mq1yK/fptyOWKB4ik2BMw3NjbKagUTDJh1k/MTwG1ocub1gMQXHTTMc7DemhVdq0E2l7Q6Rj9fdECsqYgQpspwLsmVlvJP7nNRLsnDdTEcYJ8pBNHuokkmJERwHRttCcoRxYAKaF/StlPdDA0MaYtSF4syvPQ/Wk4LkF7/o0X7qYxpEh++SAHBGPnJESuSJlUiGMPJAn8kJenUfn2Xlz3ietC850Zo/8KefjGz6Tnvg=</latexit><latexit sha1_base64="SwbY+CbMyAINrL/TVLs6XiVQmMU=">AAACE3icbZDLSgMxFIYzXmu9VV26CRZBXJQZERS6KbpxWcFeoFPKmTRtQ5OZITmjlqHv4MZXceNCEbdu3Pk2phdEWw8JfPz/OSTnD2IpDLrul7OwuLS8sppZy65vbG5t53Z2qyZKNOMVFslI1wMwXIqQV1Cg5PVYc1CB5LWgfznya7dcGxGFNziIeVNBNxQdwQCt1Mod+8jvMY2HfvGHtOj2ELSO7mjNL9rjd0EpaOXybsEdF50Hbwp5Mq1yK/fptyOWKB4ik2BMw3NjbKagUTDJh1k/MTwG1ocub1gMQXHTTMc7DemhVdq0E2l7Q6Rj9fdECsqYgQpspwLsmVlvJP7nNRLsnDdTEcYJ8pBNHuokkmJERwHRttCcoRxYAKaF/StlPdDA0MaYtSF4syvPQ/Wk4LkF7/o0X7qYxpEh++SAHBGPnJESuSJlUiGMPJAn8kJenUfn2Xlz3ietC850Zo/8KefjGz6Tnvg=</latexit><latexit sha1_base64="SwbY+CbMyAINrL/TVLs6XiVQmMU=">AAACE3icbZDLSgMxFIYzXmu9VV26CRZBXJQZERS6KbpxWcFeoFPKmTRtQ5OZITmjlqHv4MZXceNCEbdu3Pk2phdEWw8JfPz/OSTnD2IpDLrul7OwuLS8sppZy65vbG5t53Z2qyZKNOMVFslI1wMwXIqQV1Cg5PVYc1CB5LWgfznya7dcGxGFNziIeVNBNxQdwQCt1Mod+8jvMY2HfvGHtOj2ELSO7mjNL9rjd0EpaOXybsEdF50Hbwp5Mq1yK/fptyOWKB4ik2BMw3NjbKagUTDJh1k/MTwG1ocub1gMQXHTTMc7DemhVdq0E2l7Q6Rj9fdECsqYgQpspwLsmVlvJP7nNRLsnDdTEcYJ8pBNHuokkmJERwHRttCcoRxYAKaF/StlPdDA0MaYtSF4syvPQ/Wk4LkF7/o0X7qYxpEh++SAHBGPnJESuSJlUiGMPJAn8kJenUfn2Xlz3ietC850Zo/8KefjGz6Tnvg=</latexit>

p p ! W Z �
<latexit sha1_base64="vRqYuRXX29fvPi10vB1rIR9Hh0Q=">AAACE3icbZC7SgNBFIZnvcZ4i1raDAZBLMKuCAppgjaWEcwFsyGcnUySwZndZeasGpa8g42vYmOhiK2NnW/j5IJo4oGBj/8/hzPnD2IpDLrulzM3v7C4tJxZya6urW9s5ra2qyZKNOMVFslI1wMwXIqQV1Cg5PVYc1CB5LXg5nzo1265NiIKr7Af86aCbig6ggFaqZU79JHfYxoP/OIPadHtIWgd3dGaX7y2TheUglYu7xbcUdFZ8CaQJ5Mqt3KffjtiieIhMgnGNDw3xmYKGgWTfJD1E8NjYDfQ5Q2LIShumunopgHdt0qbdiJtX4h0pP6eSEEZ01eB7VSAPTPtDcX/vEaCndNmKsI4QR6y8aJOIilGdBgQbQvNGcq+BWBa2L9S1gMNDG2MWRuCN33yLFSPCp5b8C6P86WzSRwZskv2yAHxyAkpkQtSJhXCyAN5Ii/k1Xl0np03533cOudMZnbIn3I+vgFDN577</latexit><latexit sha1_base64="vRqYuRXX29fvPi10vB1rIR9Hh0Q=">AAACE3icbZC7SgNBFIZnvcZ4i1raDAZBLMKuCAppgjaWEcwFsyGcnUySwZndZeasGpa8g42vYmOhiK2NnW/j5IJo4oGBj/8/hzPnD2IpDLrulzM3v7C4tJxZya6urW9s5ra2qyZKNOMVFslI1wMwXIqQV1Cg5PVYc1CB5LXg5nzo1265NiIKr7Af86aCbig6ggFaqZU79JHfYxoP/OIPadHtIWgd3dGaX7y2TheUglYu7xbcUdFZ8CaQJ5Mqt3KffjtiieIhMgnGNDw3xmYKGgWTfJD1E8NjYDfQ5Q2LIShumunopgHdt0qbdiJtX4h0pP6eSEEZ01eB7VSAPTPtDcX/vEaCndNmKsI4QR6y8aJOIilGdBgQbQvNGcq+BWBa2L9S1gMNDG2MWRuCN33yLFSPCp5b8C6P86WzSRwZskv2yAHxyAkpkQtSJhXCyAN5Ii/k1Xl0np03533cOudMZnbIn3I+vgFDN577</latexit><latexit sha1_base64="vRqYuRXX29fvPi10vB1rIR9Hh0Q=">AAACE3icbZC7SgNBFIZnvcZ4i1raDAZBLMKuCAppgjaWEcwFsyGcnUySwZndZeasGpa8g42vYmOhiK2NnW/j5IJo4oGBj/8/hzPnD2IpDLrulzM3v7C4tJxZya6urW9s5ra2qyZKNOMVFslI1wMwXIqQV1Cg5PVYc1CB5LXg5nzo1265NiIKr7Af86aCbig6ggFaqZU79JHfYxoP/OIPadHtIWgd3dGaX7y2TheUglYu7xbcUdFZ8CaQJ5Mqt3KffjtiieIhMgnGNDw3xmYKGgWTfJD1E8NjYDfQ5Q2LIShumunopgHdt0qbdiJtX4h0pP6eSEEZ01eB7VSAPTPtDcX/vEaCndNmKsI4QR6y8aJOIilGdBgQbQvNGcq+BWBa2L9S1gMNDG2MWRuCN33yLFSPCp5b8C6P86WzSRwZskv2yAHxyAkpkQtSJhXCyAN5Ii/k1Xl0np03533cOudMZnbIn3I+vgFDN577</latexit><latexit sha1_base64="vRqYuRXX29fvPi10vB1rIR9Hh0Q=">AAACE3icbZC7SgNBFIZnvcZ4i1raDAZBLMKuCAppgjaWEcwFsyGcnUySwZndZeasGpa8g42vYmOhiK2NnW/j5IJo4oGBj/8/hzPnD2IpDLrulzM3v7C4tJxZya6urW9s5ra2qyZKNOMVFslI1wMwXIqQV1Cg5PVYc1CB5LXg5nzo1265NiIKr7Af86aCbig6ggFaqZU79JHfYxoP/OIPadHtIWgd3dGaX7y2TheUglYu7xbcUdFZ8CaQJ5Mqt3KffjtiieIhMgnGNDw3xmYKGgWTfJD1E8NjYDfQ5Q2LIShumunopgHdt0qbdiJtX4h0pP6eSEEZ01eB7VSAPTPtDcX/vEaCndNmKsI4QR6y8aJOIilGdBgQbQvNGcq+BWBa2L9S1gMNDG2MWRuCN33yLFSPCp5b8C6P86WzSRwZskv2yAHxyAkpkQtSJhXCyAN5Ii/k1Xl0np03533cOudMZnbIn3I+vgFDN577</latexit>

Narrow width approximation, @ILC

[C.Chen, Ma, R.Zhang, Y.Zhang, L.Chen, Guo (2014)]

[Les Houches 2019 Precision wishlist]

NLO QCD with leptonic decays - VBFNLO     

NLOQCD +NLOEW with leptonic decays
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https://arxiv.org/abs/1307.7403
https://arxiv.org/abs/1212.3460
https://arxiv.org/abs/1507.03693
https://arxiv.org/abs/1610.05876
https://arxiv.org/abs/1707.03534
https://arxiv.org/abs/1710.11514
https://arxiv.org/abs/1605.00554
https://arxiv.org/abs/1705.03722
https://arxiv.org/abs/1806.00307
https://arxiv.org/abs/1912.04117
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+
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>

+
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>

+
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>

+
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>
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<latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit>

2
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2
<latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit>

NLO QCD: O
�
↵5↵s

�
<latexit sha1_base64="dlPiArwYx7Kg09S4tTQU7XOf6V8=">AAACJ3icbVDLSiNBFK3W8ZXxEZ3lbJoJA7oJ3RJRDAyCLlwMo8IkBlIx3K7cTopUP6i6PRia/hs3/spsBJVBl/MnU3ksxseBgsM593LrnCBV0pDnPTtz8x8WFpeWV0ofV9fWN8qbW02TZFpgQyQq0a0ADCoZY4MkKWylGiEKFF4Gw+Oxf/kLtZFJ/JNGKXYi6McylALISt3yN054TfmP72e8fnF8cljwOo+ABgJUflZwhSFtc1 DpAK7yvWLKurkpuJb9Ae10yxWv6k3gviX+jFTYDOfd8j3vJSKLMCahwJi276XUyUGTFAqLEs8MpiCG0Me2pTFEaDr5JGfhfrVKzw0TbV9M7kT9fyOHyJhRFNjJcQbz2huL73ntjMKDTi7jNCOMxfRQmCmXEndcmtuTGgWpkSUgtLR/dcUANAiy1ZZsCf7ryG9Jc7fqe1X/olY5qs3qWGaf2Re2zXy2z47YKTtnDSbYDfvNHtijc+vcOX+cp+nonDPb+cRewPn7DyZkprM=</latexit><latexit sha1_base64="dlPiArwYx7Kg09S4tTQU7XOf6V8=">AAACJ3icbVDLSiNBFK3W8ZXxEZ3lbJoJA7oJ3RJRDAyCLlwMo8IkBlIx3K7cTopUP6i6PRia/hs3/spsBJVBl/MnU3ksxseBgsM593LrnCBV0pDnPTtz8x8WFpeWV0ofV9fWN8qbW02TZFpgQyQq0a0ADCoZY4MkKWylGiEKFF4Gw+Oxf/kLtZFJ/JNGKXYi6McylALISt3yN054TfmP72e8fnF8cljwOo+ABgJUflZwhSFtc1 DpAK7yvWLKurkpuJb9Ae10yxWv6k3gviX+jFTYDOfd8j3vJSKLMCahwJi276XUyUGTFAqLEs8MpiCG0Me2pTFEaDr5JGfhfrVKzw0TbV9M7kT9fyOHyJhRFNjJcQbz2huL73ntjMKDTi7jNCOMxfRQmCmXEndcmtuTGgWpkSUgtLR/dcUANAiy1ZZsCf7ryG9Jc7fqe1X/olY5qs3qWGaf2Re2zXy2z47YKTtnDSbYDfvNHtijc+vcOX+cp+nonDPb+cRewPn7DyZkprM=</latexit><latexit sha1_base64="dlPiArwYx7Kg09S4tTQU7XOf6V8=">AAACJ3icbVDLSiNBFK3W8ZXxEZ3lbJoJA7oJ3RJRDAyCLlwMo8IkBlIx3K7cTopUP6i6PRia/hs3/spsBJVBl/MnU3ksxseBgsM593LrnCBV0pDnPTtz8x8WFpeWV0ofV9fWN8qbW02TZFpgQyQq0a0ADCoZY4MkKWylGiEKFF4Gw+Oxf/kLtZFJ/JNGKXYi6McylALISt3yN054TfmP72e8fnF8cljwOo+ABgJUflZwhSFtc1 DpAK7yvWLKurkpuJb9Ae10yxWv6k3gviX+jFTYDOfd8j3vJSKLMCahwJi276XUyUGTFAqLEs8MpiCG0Me2pTFEaDr5JGfhfrVKzw0TbV9M7kT9fyOHyJhRFNjJcQbz2huL73ntjMKDTi7jNCOMxfRQmCmXEndcmtuTGgWpkSUgtLR/dcUANAiy1ZZsCf7ryG9Jc7fqe1X/olY5qs3qWGaf2Re2zXy2z47YKTtnDSbYDfvNHtijc+vcOX+cp+nonDPb+cRewPn7DyZkprM=</latexit><latexit sha1_base64="dlPiArwYx7Kg09S4tTQU7XOf6V8=">AAACJ3icbVDLSiNBFK3W8ZXxEZ3lbJoJA7oJ3RJRDAyCLlwMo8IkBlIx3K7cTopUP6i6PRia/hs3/spsBJVBl/MnU3ksxseBgsM593LrnCBV0pDnPTtz8x8WFpeWV0ofV9fWN8qbW02TZFpgQyQq0a0ADCoZY4MkKWylGiEKFF4Gw+Oxf/kLtZFJ/JNGKXYi6McylALISt3yN054TfmP72e8fnF8cljwOo+ABgJUflZwhSFtc1 DpAK7yvWLKurkpuJb9Ae10yxWv6k3gviX+jFTYDOfd8j3vJSKLMCahwJi276XUyUGTFAqLEs8MpiCG0Me2pTFEaDr5JGfhfrVKzw0TbV9M7kT9fyOHyJhRFNjJcQbz2huL73ntjMKDTi7jNCOMxfRQmCmXEndcmtuTGgWpkSUgtLR/dcUANAiy1ZZsCf7ryG9Jc7fqe1X/olY5qs3qWGaf2Re2zXy2z47YKTtnDSbYDfvNHtijc+vcOX+cp+nonDPb+cRewPn7DyZkprM=</latexit>

NLO EW: O
�
↵6

�
<latexit sha1_base64="cyLgGkfXkz5FGYzG/pPkWfbOPXA="></latexit><latexit sha1_base64="cyLgGkfXkz5FGYzG/pPkWfbOPXA="></latexit><latexit sha1_base64="cyLgGkfXkz5FGYzG/pPkWfbOPXA="></latexit><latexit sha1_base64="cyLgGkfXkz5FGYzG/pPkWfbOPXA="></latexit>

LO: O
�
↵5

�
<latexit sha1_base64="VNrPMTncyumv9WMgYgOemwSFfqk=">AAACF3icbVA9SwNBEN3z2/gVtbQ5DEJswp0oijaCjYWggjFCLoa5zVyyZO+D3TkxHPcvbPwrNhaK2Grnv3ETU2jig4HHezPMzPMTKTQ5zpc1MTk1PTM7N19YWFxaXimurl3rOFUcqzyWsbrxQaMUEVZJkMSbRCGEvsSa3z3p+7U7VFrE0RX1EmyE0I5EIDiQkZrFikd4T9nZ+WHuHXkhUIeDzM5zT2JAZQ9k0oHbbC/3lGh3aLtZLDkVZwB7nLhDUmJDXDSLn14r5mmIEXEJWtddJ6FGBooEl5gXvFRjArwLbawbGkGIupEN/srtLaO07CBWpiKyB+rviQxCrXuhbzr7l+tRry/+59VTCg4amYiSlDDiP4uCVNoU2/2Q7JZQyEn2DAGuhLnV5h1QwMlEWTAhuKMvj5PrnYrrVNzL3dLx7jCOObbBNlmZuWyfHbNTdsGqjLMH9sRe2Kv1aD1bb9b7T+uENZxZZ39gfXwDqCygKg==</latexit><latexit sha1_base64="VNrPMTncyumv9WMgYgOemwSFfqk=">AAACF3icbVA9SwNBEN3z2/gVtbQ5DEJswp0oijaCjYWggjFCLoa5zVyyZO+D3TkxHPcvbPwrNhaK2Grnv3ETU2jig4HHezPMzPMTKTQ5zpc1MTk1PTM7N19YWFxaXimurl3rOFUcqzyWsbrxQaMUEVZJkMSbRCGEvsSa3z3p+7U7VFrE0RX1EmyE0I5EIDiQkZrFikd4T9nZ+WHuHXkhUIeDzM5zT2JAZQ9k0oHbbC/3lGh3aLtZLDkVZwB7nLhDUmJDXDSLn14r5mmIEXEJWtddJ6FGBooEl5gXvFRjArwLbawbGkGIupEN/srtLaO07CBWpiKyB+rviQxCrXuhbzr7l+tRry/+59VTCg4amYiSlDDiP4uCVNoU2/2Q7JZQyEn2DAGuhLnV5h1QwMlEWTAhuKMvj5PrnYrrVNzL3dLx7jCOObbBNlmZuWyfHbNTdsGqjLMH9sRe2Kv1aD1bb9b7T+uENZxZZ39gfXwDqCygKg==</latexit><latexit sha1_base64="VNrPMTncyumv9WMgYgOemwSFfqk=">AAACF3icbVA9SwNBEN3z2/gVtbQ5DEJswp0oijaCjYWggjFCLoa5zVyyZO+D3TkxHPcvbPwrNhaK2Grnv3ETU2jig4HHezPMzPMTKTQ5zpc1MTk1PTM7N19YWFxaXimurl3rOFUcqzyWsbrxQaMUEVZJkMSbRCGEvsSa3z3p+7U7VFrE0RX1EmyE0I5EIDiQkZrFikd4T9nZ+WHuHXkhUIeDzM5zT2JAZQ9k0oHbbC/3lGh3aLtZLDkVZwB7nLhDUmJDXDSLn14r5mmIEXEJWtddJ6FGBooEl5gXvFRjArwLbawbGkGIupEN/srtLaO07CBWpiKyB+rviQxCrXuhbzr7l+tRry/+59VTCg4amYiSlDDiP4uCVNoU2/2Q7JZQyEn2DAGuhLnV5h1QwMlEWTAhuKMvj5PrnYrrVNzL3dLx7jCOObbBNlmZuWyfHbNTdsGqjLMH9sRe2Kv1aD1bb9b7T+uENZxZZ39gfXwDqCygKg==</latexit><latexit sha1_base64="VNrPMTncyumv9WMgYgOemwSFfqk=">AAACF3icbVA9SwNBEN3z2/gVtbQ5DEJswp0oijaCjYWggjFCLoa5zVyyZO+D3TkxHPcvbPwrNhaK2Grnv3ETU2jig4HHezPMzPMTKTQ5zpc1MTk1PTM7N19YWFxaXimurl3rOFUcqzyWsbrxQaMUEVZJkMSbRCGEvsSa3z3p+7U7VFrE0RX1EmyE0I5EIDiQkZrFikd4T9nZ+WHuHXkhUIeDzM5zT2JAZQ9k0oHbbC/3lGh3aLtZLDkVZwB7nLhDUmJDXDSLn14r5mmIEXEJWtddJ6FGBooEl5gXvFRjArwLbawbGkGIupEN/srtLaO07CBWpiKyB+rviQxCrXuhbzr7l+tRry/+59VTCg4amYiSlDDiP4uCVNoU2/2Q7JZQyEn2DAGuhLnV5h1QwMlEWTAhuKMvj5PrnYrrVNzL3dLx7jCOObbBNlmZuWyfHbNTdsGqjLMH9sRe2Kv1aD1bb9b7T+uENZxZZ39gfXwDqCygKg==</latexit>
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<latexit sha1_base64="bKRCbibgSP360dOT7sxObTCzsEI="></latexit><latexit sha1_base64="bKRCbibgSP360dOT7sxObTCzsEI="></latexit><latexit sha1_base64="bKRCbibgSP360dOT7sxObTCzsEI="></latexit><latexit sha1_base64="bKRCbibgSP360dOT7sxObTCzsEI="></latexit>

�2!n(p1, p2) =
X

a,b

Z 1

0
dx1dx2 fa(x1, µF )fb(x2, µF ) �̂ab(pa, pb)

<latexit sha1_base64="bxTJTlqSWQQbHhia3YgHVUJPGjA="></latexit><latexit sha1_base64="bxTJTlqSWQQbHhia3YgHVUJPGjA="></latexit><latexit sha1_base64="bxTJTlqSWQQbHhia3YgHVUJPGjA="></latexit><latexit sha1_base64="bxTJTlqSWQQbHhia3YgHVUJPGjA="></latexit>

�̂ab = �̂LO
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Z

n+1

d�R
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Z
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d�C

ab
<latexit sha1_base64="zHL2xd6BT7ZSYlzFSfyHl8Q1Zsk="></latexit><latexit sha1_base64="zHL2xd6BT7ZSYlzFSfyHl8Q1Zsk="></latexit><latexit sha1_base64="zHL2xd6BT7ZSYlzFSfyHl8Q1Zsk="></latexit><latexit sha1_base64="zHL2xd6BT7ZSYlzFSfyHl8Q1Zsk="></latexit>

239
<latexit sha1_base64="N91JiG5fZ6aaFo9UlUtyoLPEP/M=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZI09LEruHFZwT6gDWUymbRDJ5MwMxFq6Je4caGIWz/FnX/jpK2gogcGDufcw71zgpRRqWz7w9jY3Nre2S3tlfcPDo8q5vFJTyaZwKSLE5aIQYAkYZSTrqKKkUEqCIoDRvrB7Krw+3dESJrwWzVPiR+jCacRxUhpaWxWRhkPiSjiuVtrLcZm1bZazbrr1aFt2XbDcZ2CuA2v5kFHKwWqYI3O2HwfhQnOYsIVZkjKoWOnys+RUBQzsiiPMklShGdoQoaachQT6efLwxfwQishjBKhH1dwqX5P5CiWch4HejJGaip/e4X4lzfMVNT0c8rTTBGOV4uijEGVwKIFGFJBsGJzTRAWVN8K8RQJhJXuqqxL+Pop/J/0XMuxLefGq7a9dR0lcAbOwSVwQAO0wTXogC7AIAMP4Ak8G/fGo/FivK5GN4x15hT8gPH2Cd7oky0=</latexit><latexit sha1_base64="N91JiG5fZ6aaFo9UlUtyoLPEP/M=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZI09LEruHFZwT6gDWUymbRDJ5MwMxFq6Je4caGIWz/FnX/jpK2gogcGDufcw71zgpRRqWz7w9jY3Nre2S3tlfcPDo8q5vFJTyaZwKSLE5aIQYAkYZSTrqKKkUEqCIoDRvrB7Krw+3dESJrwWzVPiR+jCacRxUhpaWxWRhkPiSjiuVtrLcZm1bZazbrr1aFt2XbDcZ2CuA2v5kFHKwWqYI3O2HwfhQnOYsIVZkjKoWOnys+RUBQzsiiPMklShGdoQoaachQT6efLwxfwQishjBKhH1dwqX5P5CiWch4HejJGaip/e4X4lzfMVNT0c8rTTBGOV4uijEGVwKIFGFJBsGJzTRAWVN8K8RQJhJXuqqxL+Pop/J/0XMuxLefGq7a9dR0lcAbOwSVwQAO0wTXogC7AIAMP4Ak8G/fGo/FivK5GN4x15hT8gPH2Cd7oky0=</latexit><latexit sha1_base64="N91JiG5fZ6aaFo9UlUtyoLPEP/M=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZI09LEruHFZwT6gDWUymbRDJ5MwMxFq6Je4caGIWz/FnX/jpK2gogcGDufcw71zgpRRqWz7w9jY3Nre2S3tlfcPDo8q5vFJTyaZwKSLE5aIQYAkYZSTrqKKkUEqCIoDRvrB7Krw+3dESJrwWzVPiR+jCacRxUhpaWxWRhkPiSjiuVtrLcZm1bZazbrr1aFt2XbDcZ2CuA2v5kFHKwWqYI3O2HwfhQnOYsIVZkjKoWOnys+RUBQzsiiPMklShGdoQoaachQT6efLwxfwQishjBKhH1dwqX5P5CiWch4HejJGaip/e4X4lzfMVNT0c8rTTBGOV4uijEGVwKIFGFJBsGJzTRAWVN8K8RQJhJXuqqxL+Pop/J/0XMuxLefGq7a9dR0lcAbOwSVwQAO0wTXogC7AIAMP4Ak8G/fGo/FivK5GN4x15hT8gPH2Cd7oky0=</latexit><latexit sha1_base64="N91JiG5fZ6aaFo9UlUtyoLPEP/M=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZI09LEruHFZwT6gDWUymbRDJ5MwMxFq6Je4caGIWz/FnX/jpK2gogcGDufcw71zgpRRqWz7w9jY3Nre2S3tlfcPDo8q5vFJTyaZwKSLE5aIQYAkYZSTrqKKkUEqCIoDRvrB7Krw+3dESJrwWzVPiR+jCacRxUhpaWxWRhkPiSjiuVtrLcZm1bZazbrr1aFt2XbDcZ2CuA2v5kFHKwWqYI3O2HwfhQnOYsIVZkjKoWOnys+RUBQzsiiPMklShGdoQoaachQT6efLwxfwQishjBKhH1dwqX5P5CiWch4HejJGaip/e4X4lzfMVNT0c8rTTBGOV4uijEGVwKIFGFJBsGJzTRAWVN8K8RQJhJXuqqxL+Pop/J/0XMuxLefGq7a9dR0lcAbOwSVwQAO0wTXogC7AIAMP4Ak8G/fGo/FivK5GN4x15hT8gPH2Cd7oky0=</latexit>

71
<latexit sha1_base64="KdIftAlkE2SEbsyTZ0tZq3ottl0=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXw6QOnboruHFZwT6gHUsmk2lDM5khyShl6H+4caGIW//FnX9jpq2gogcCh3Pu4d6cIOVMacf5sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXoAV5UzQtmaa014qKY4DTrvB5LLwu3dUKpaIGz1NqR/jkWARI1gb6XaQiZDKIpx7aDasVB37olGvuXXo2I7joRoqSM1zz12IjFKgCpZoDSvvgzAhWUyFJhwr1UdOqv0cS80Ip7PyIFM0xWSCR7RvqMAxVX4+v3oGT40SwiiR5gkN5+r3RI5jpaZxYCZjrMfqt1eIf3n9TEcNP2cizTQVZLEoyjjUCSwqgCGTlGg+NQQTycytkIyxxESbosqmhK+fwv9Jp2Yjx0bXbrXpLusogWNwAs4AAh5ogivQAm1AgAQP4Ak8W/fWo/VivS5GV6xl5gj8gPX2Cesbkrw=</latexit><latexit sha1_base64="KdIftAlkE2SEbsyTZ0tZq3ottl0=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXw6QOnboruHFZwT6gHUsmk2lDM5khyShl6H+4caGIW//FnX9jpq2gogcCh3Pu4d6cIOVMacf5sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXoAV5UzQtmaa014qKY4DTrvB5LLwu3dUKpaIGz1NqR/jkWARI1gb6XaQiZDKIpx7aDasVB37olGvuXXo2I7joRoqSM1zz12IjFKgCpZoDSvvgzAhWUyFJhwr1UdOqv0cS80Ip7PyIFM0xWSCR7RvqMAxVX4+v3oGT40SwiiR5gkN5+r3RI5jpaZxYCZjrMfqt1eIf3n9TEcNP2cizTQVZLEoyjjUCSwqgCGTlGg+NQQTycytkIyxxESbosqmhK+fwv9Jp2Yjx0bXbrXpLusogWNwAs4AAh5ogivQAm1AgAQP4Ak8W/fWo/VivS5GV6xl5gj8gPX2Cesbkrw=</latexit><latexit sha1_base64="KdIftAlkE2SEbsyTZ0tZq3ottl0=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXw6QOnboruHFZwT6gHUsmk2lDM5khyShl6H+4caGIW//FnX9jpq2gogcCh3Pu4d6cIOVMacf5sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXoAV5UzQtmaa014qKY4DTrvB5LLwu3dUKpaIGz1NqR/jkWARI1gb6XaQiZDKIpx7aDasVB37olGvuXXo2I7joRoqSM1zz12IjFKgCpZoDSvvgzAhWUyFJhwr1UdOqv0cS80Ip7PyIFM0xWSCR7RvqMAxVX4+v3oGT40SwiiR5gkN5+r3RI5jpaZxYCZjrMfqt1eIf3n9TEcNP2cizTQVZLEoyjjUCSwqgCGTlGg+NQQTycytkIyxxESbosqmhK+fwv9Jp2Yjx0bXbrXpLusogWNwAs4AAh5ogivQAm1AgAQP4Ak8W/fWo/VivS5GV6xl5gj8gPX2Cesbkrw=</latexit><latexit sha1_base64="KdIftAlkE2SEbsyTZ0tZq3ottl0=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXw6QOnboruHFZwT6gHUsmk2lDM5khyShl6H+4caGIW//FnX9jpq2gogcCh3Pu4d6cIOVMacf5sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXoAV5UzQtmaa014qKY4DTrvB5LLwu3dUKpaIGz1NqR/jkWARI1gb6XaQiZDKIpx7aDasVB37olGvuXXo2I7joRoqSM1zz12IjFKgCpZoDSvvgzAhWUyFJhwr1UdOqv0cS80Ip7PyIFM0xWSCR7RvqMAxVX4+v3oGT40SwiiR5gkN5+r3RI5jpaZxYCZjrMfqt1eIf3n9TEcNP2cizTQVZLEoyjjUCSwqgCGTlGg+NQQTycytkIyxxESbosqmhK+fwv9Jp2Yjx0bXbrXpLusogWNwAs4AAh5ogivQAm1AgAQP4Ak8W/fWo/VivS5GV6xl5gj8gPX2Cesbkrw=</latexit>

194
<latexit sha1_base64="OWa6qqb3TpUFQMrARghgVqOhxlI=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5DE0Meu4MZlBfuANpTJZNIOnUzCzESooV/ixoUibv0Ud/6Nk7aCih4YOJxzD/fOCVJGpbLtD6O0sbm1vVPereztHxxWzaPjnkwygUkXJywRgwBJwignXUUVI4NUEBQHjPSD2VXh9++IkDTht2qeEj9GE04jipHS0tisjjIeElHEc6flLcZmzbZazbrr1aFt2XbDcZ2CuA3v0oOOVgrUwBqdsfk+ChOcxYQrzJCUQ8dOlZ8joShmZFEZZZKkCM/QhAw15Sgm0s+Xhy/guVZCGCVCP67gUv2eyFEs5TwO9GSM1FT+9grxL2+Yqajp55SnmSIcrxZFGYMqgUULMKSCYMXmmiAsqL4V4ikSCCvdVUWX8PVT+D/puZZjW86NV2t76zrK4BScgQvggAZog2vQAV2AQQYewBN4Nu6NR+PFeF2Nlox15gT8gPH2Cd7sky0=</latexit><latexit sha1_base64="OWa6qqb3TpUFQMrARghgVqOhxlI=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5DE0Meu4MZlBfuANpTJZNIOnUzCzESooV/ixoUibv0Ud/6Nk7aCih4YOJxzD/fOCVJGpbLtD6O0sbm1vVPereztHxxWzaPjnkwygUkXJywRgwBJwignXUUVI4NUEBQHjPSD2VXh9++IkDTht2qeEj9GE04jipHS0tisjjIeElHEc6flLcZmzbZazbrr1aFt2XbDcZ2CuA3v0oOOVgrUwBqdsfk+ChOcxYQrzJCUQ8dOlZ8joShmZFEZZZKkCM/QhAw15Sgm0s+Xhy/guVZCGCVCP67gUv2eyFEs5TwO9GSM1FT+9grxL2+Yqajp55SnmSIcrxZFGYMqgUULMKSCYMXmmiAsqL4V4ikSCCvdVUWX8PVT+D/puZZjW86NV2t76zrK4BScgQvggAZog2vQAV2AQQYewBN4Nu6NR+PFeF2Nlox15gT8gPH2Cd7sky0=</latexit><latexit sha1_base64="OWa6qqb3TpUFQMrARghgVqOhxlI=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5DE0Meu4MZlBfuANpTJZNIOnUzCzESooV/ixoUibv0Ud/6Nk7aCih4YOJxzD/fOCVJGpbLtD6O0sbm1vVPereztHxxWzaPjnkwygUkXJywRgwBJwignXUUVI4NUEBQHjPSD2VXh9++IkDTht2qeEj9GE04jipHS0tisjjIeElHEc6flLcZmzbZazbrr1aFt2XbDcZ2CuA3v0oOOVgrUwBqdsfk+ChOcxYQrzJCUQ8dOlZ8joShmZFEZZZKkCM/QhAw15Sgm0s+Xhy/guVZCGCVCP67gUv2eyFEs5TwO9GSM1FT+9grxL2+Yqajp55SnmSIcrxZFGYMqgUULMKSCYMXmmiAsqL4V4ikSCCvdVUWX8PVT+D/puZZjW86NV2t76zrK4BScgQvggAZog2vQAV2AQQYewBN4Nu6NR+PFeF2Nlox15gT8gPH2Cd7sky0=</latexit><latexit sha1_base64="OWa6qqb3TpUFQMrARghgVqOhxlI=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5DE0Meu4MZlBfuANpTJZNIOnUzCzESooV/ixoUibv0Ud/6Nk7aCih4YOJxzD/fOCVJGpbLtD6O0sbm1vVPereztHxxWzaPjnkwygUkXJywRgwBJwignXUUVI4NUEBQHjPSD2VXh9++IkDTht2qeEj9GE04jipHS0tisjjIeElHEc6flLcZmzbZazbrr1aFt2XbDcZ2CuA3v0oOOVgrUwBqdsfk+ChOcxYQrzJCUQ8dOlZ8joShmZFEZZZKkCM/QhAw15Sgm0s+Xhy/guVZCGCVCP67gUv2eyFEs5TwO9GSM1FT+9grxL2+Yqajp55SnmSIcrxZFGYMqgUULMKSCYMXmmiAsqL4V4ikSCCvdVUWX8PVT+D/puZZjW86NV2t76zrK4BScgQvggAZog2vQAV2AQQYewBN4Nu6NR+PFeF2Nlox15gT8gPH2Cd7sky0=</latexit>

194
<latexit sha1_base64="OWa6qqb3TpUFQMrARghgVqOhxlI=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5DE0Meu4MZlBfuANpTJZNIOnUzCzESooV/ixoUibv0Ud/6Nk7aCih4YOJxzD/fOCVJGpbLtD6O0sbm1vVPereztHxxWzaPjnkwygUkXJywRgwBJwignXUUVI4NUEBQHjPSD2VXh9++IkDTht2qeEj9GE04jipHS0tisjjIeElHEc6flLcZmzbZazbrr1aFt2XbDcZ2CuA3v0oOOVgrUwBqdsfk+ChOcxYQrzJCUQ8dOlZ8joShmZFEZZZKkCM/QhAw15Sgm0s+Xhy/guVZCGCVCP67gUv2eyFEs5TwO9GSM1FT+9grxL2+Yqajp55SnmSIcrxZFGYMqgUULMKSCYMXmmiAsqL4V4ikSCCvdVUWX8PVT+D/puZZjW86NV2t76zrK4BScgQvggAZog2vQAV2AQQYewBN4Nu6NR+PFeF2Nlox15gT8gPH2Cd7sky0=</latexit><latexit sha1_base64="OWa6qqb3TpUFQMrARghgVqOhxlI=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5DE0Meu4MZlBfuANpTJZNIOnUzCzESooV/ixoUibv0Ud/6Nk7aCih4YOJxzD/fOCVJGpbLtD6O0sbm1vVPereztHxxWzaPjnkwygUkXJywRgwBJwignXUUVI4NUEBQHjPSD2VXh9++IkDTht2qeEj9GE04jipHS0tisjjIeElHEc6flLcZmzbZazbrr1aFt2XbDcZ2CuA3v0oOOVgrUwBqdsfk+ChOcxYQrzJCUQ8dOlZ8joShmZFEZZZKkCM/QhAw15Sgm0s+Xhy/guVZCGCVCP67gUv2eyFEs5TwO9GSM1FT+9grxL2+Yqajp55SnmSIcrxZFGYMqgUULMKSCYMXmmiAsqL4V4ikSCCvdVUWX8PVT+D/puZZjW86NV2t76zrK4BScgQvggAZog2vQAV2AQQYewBN4Nu6NR+PFeF2Nlox15gT8gPH2Cd7sky0=</latexit><latexit sha1_base64="OWa6qqb3TpUFQMrARghgVqOhxlI=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5DE0Meu4MZlBfuANpTJZNIOnUzCzESooV/ixoUibv0Ud/6Nk7aCih4YOJxzD/fOCVJGpbLtD6O0sbm1vVPereztHxxWzaPjnkwygUkXJywRgwBJwignXUUVI4NUEBQHjPSD2VXh9++IkDTht2qeEj9GE04jipHS0tisjjIeElHEc6flLcZmzbZazbrr1aFt2XbDcZ2CuA3v0oOOVgrUwBqdsfk+ChOcxYQrzJCUQ8dOlZ8joShmZFEZZZKkCM/QhAw15Sgm0s+Xhy/guVZCGCVCP67gUv2eyFEs5TwO9GSM1FT+9grxL2+Yqajp55SnmSIcrxZFGYMqgUULMKSCYMXmmiAsqL4V4ikSCCvdVUWX8PVT+D/puZZjW86NV2t76zrK4BScgQvggAZog2vQAV2AQQYewBN4Nu6NR+PFeF2Nlox15gT8gPH2Cd7sky0=</latexit><latexit sha1_base64="OWa6qqb3TpUFQMrARghgVqOhxlI=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5DE0Meu4MZlBfuANpTJZNIOnUzCzESooV/ixoUibv0Ud/6Nk7aCih4YOJxzD/fOCVJGpbLtD6O0sbm1vVPereztHxxWzaPjnkwygUkXJywRgwBJwignXUUVI4NUEBQHjPSD2VXh9++IkDTht2qeEj9GE04jipHS0tisjjIeElHEc6flLcZmzbZazbrr1aFt2XbDcZ2CuA3v0oOOVgrUwBqdsfk+ChOcxYQrzJCUQ8dOlZ8joShmZFEZZZKkCM/QhAw15Sgm0s+Xhy/guVZCGCVCP67gUv2eyFEs5TwO9GSM1FT+9grxL2+Yqajp55SnmSIcrxZFGYMqgUULMKSCYMXmmiAsqL4V4ikSCCvdVUWX8PVT+D/puZZjW86NV2t76zrK4BScgQvggAZog2vQAV2AQQYewBN4Nu6NR+PFeF2Nlox15gT8gPH2Cd7sky0=</latexit>

71
<latexit sha1_base64="KdIftAlkE2SEbsyTZ0tZq3ottl0=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXw6QOnboruHFZwT6gHUsmk2lDM5khyShl6H+4caGIW//FnX9jpq2gogcCh3Pu4d6cIOVMacf5sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXoAV5UzQtmaa014qKY4DTrvB5LLwu3dUKpaIGz1NqR/jkWARI1gb6XaQiZDKIpx7aDasVB37olGvuXXo2I7joRoqSM1zz12IjFKgCpZoDSvvgzAhWUyFJhwr1UdOqv0cS80Ip7PyIFM0xWSCR7RvqMAxVX4+v3oGT40SwiiR5gkN5+r3RI5jpaZxYCZjrMfqt1eIf3n9TEcNP2cizTQVZLEoyjjUCSwqgCGTlGg+NQQTycytkIyxxESbosqmhK+fwv9Jp2Yjx0bXbrXpLusogWNwAs4AAh5ogivQAm1AgAQP4Ak8W/fWo/VivS5GV6xl5gj8gPX2Cesbkrw=</latexit><latexit sha1_base64="KdIftAlkE2SEbsyTZ0tZq3ottl0=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXw6QOnboruHFZwT6gHUsmk2lDM5khyShl6H+4caGIW//FnX9jpq2gogcCh3Pu4d6cIOVMacf5sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXoAV5UzQtmaa014qKY4DTrvB5LLwu3dUKpaIGz1NqR/jkWARI1gb6XaQiZDKIpx7aDasVB37olGvuXXo2I7joRoqSM1zz12IjFKgCpZoDSvvgzAhWUyFJhwr1UdOqv0cS80Ip7PyIFM0xWSCR7RvqMAxVX4+v3oGT40SwiiR5gkN5+r3RI5jpaZxYCZjrMfqt1eIf3n9TEcNP2cizTQVZLEoyjjUCSwqgCGTlGg+NQQTycytkIyxxESbosqmhK+fwv9Jp2Yjx0bXbrXpLusogWNwAs4AAh5ogivQAm1AgAQP4Ak8W/fWo/VivS5GV6xl5gj8gPX2Cesbkrw=</latexit><latexit sha1_base64="KdIftAlkE2SEbsyTZ0tZq3ottl0=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXw6QOnboruHFZwT6gHUsmk2lDM5khyShl6H+4caGIW//FnX9jpq2gogcCh3Pu4d6cIOVMacf5sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXoAV5UzQtmaa014qKY4DTrvB5LLwu3dUKpaIGz1NqR/jkWARI1gb6XaQiZDKIpx7aDasVB37olGvuXXo2I7joRoqSM1zz12IjFKgCpZoDSvvgzAhWUyFJhwr1UdOqv0cS80Ip7PyIFM0xWSCR7RvqMAxVX4+v3oGT40SwiiR5gkN5+r3RI5jpaZxYCZjrMfqt1eIf3n9TEcNP2cizTQVZLEoyjjUCSwqgCGTlGg+NQQTycytkIyxxESbosqmhK+fwv9Jp2Yjx0bXbrXpLusogWNwAs4AAh5ogivQAm1AgAQP4Ak8W/fWo/VivS5GV6xl5gj8gPX2Cesbkrw=</latexit><latexit sha1_base64="KdIftAlkE2SEbsyTZ0tZq3ottl0=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXw6QOnboruHFZwT6gHUsmk2lDM5khyShl6H+4caGIW//FnX9jpq2gogcCh3Pu4d6cIOVMacf5sFZW19Y3Nktb5e2d3b39ysFhRyWZJLRNEp7IXoAV5UzQtmaa014qKY4DTrvB5LLwu3dUKpaIGz1NqR/jkWARI1gb6XaQiZDKIpx7aDasVB37olGvuXXo2I7joRoqSM1zz12IjFKgCpZoDSvvgzAhWUyFJhwr1UdOqv0cS80Ip7PyIFM0xWSCR7RvqMAxVX4+v3oGT40SwiiR5gkN5+r3RI5jpaZxYCZjrMfqt1eIf3n9TEcNP2cizTQVZLEoyjjUCSwqgCGTlGg+NQQTycytkIyxxESbosqmhK+fwv9Jp2Yjx0bXbrXpLusogWNwAs4AAh5ogivQAm1AgAQP4Ak8W/fWo/VivS5GV6xl5gj8gPX2Cesbkrw=</latexit>

623
<latexit sha1_base64="6Bh79iZs930xyr+K9BtWqhkMsX0=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5Ckoa27ghuXFewD2lAmk0k7dDIJMxOhhn6JGxeKuPVT3Pk3TtoKKnpg4HDOPdw7J0gZlcq2P4zSxubW9k55t7K3f3BYNY+OezLJBCZdnLBEDAIkCaOcdBVVjAxSQVAcMNIPZleF378jQtKE36p5SvwYTTiNKEZKS2OzOsp4SEQRzxtufTE2a7Z12Wq4XgPalm03HdcpiNv06h50tFKgBtbojM33UZjgLCZcYYakHDp2qvwcCUUxI4vKKJMkRXiGJmSoKUcxkX6+PHwBz7USwigR+nEFl+r3RI5iKedxoCdjpKbyt1eIf3nDTEUtP6c8zRTheLUoyhhUCSxagCEVBCs21wRhQfWtEE+RQFjpriq6hK+fwv9Jz7Uc23JuvFrbW9dRBqfgDFwABzRBG1yDDugCDDLwAJ7As3FvPBovxutqtGSsMyfgB4y3T9pgkyo=</latexit><latexit sha1_base64="6Bh79iZs930xyr+K9BtWqhkMsX0=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5Ckoa27ghuXFewD2lAmk0k7dDIJMxOhhn6JGxeKuPVT3Pk3TtoKKnpg4HDOPdw7J0gZlcq2P4zSxubW9k55t7K3f3BYNY+OezLJBCZdnLBEDAIkCaOcdBVVjAxSQVAcMNIPZleF378jQtKE36p5SvwYTTiNKEZKS2OzOsp4SEQRzxtufTE2a7Z12Wq4XgPalm03HdcpiNv06h50tFKgBtbojM33UZjgLCZcYYakHDp2qvwcCUUxI4vKKJMkRXiGJmSoKUcxkX6+PHwBz7USwigR+nEFl+r3RI5iKedxoCdjpKbyt1eIf3nDTEUtP6c8zRTheLUoyhhUCSxagCEVBCs21wRhQfWtEE+RQFjpriq6hK+fwv9Jz7Uc23JuvFrbW9dRBqfgDFwABzRBG1yDDugCDDLwAJ7As3FvPBovxutqtGSsMyfgB4y3T9pgkyo=</latexit><latexit sha1_base64="6Bh79iZs930xyr+K9BtWqhkMsX0=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5Ckoa27ghuXFewD2lAmk0k7dDIJMxOhhn6JGxeKuPVT3Pk3TtoKKnpg4HDOPdw7J0gZlcq2P4zSxubW9k55t7K3f3BYNY+OezLJBCZdnLBEDAIkCaOcdBVVjAxSQVAcMNIPZleF378jQtKE36p5SvwYTTiNKEZKS2OzOsp4SEQRzxtufTE2a7Z12Wq4XgPalm03HdcpiNv06h50tFKgBtbojM33UZjgLCZcYYakHDp2qvwcCUUxI4vKKJMkRXiGJmSoKUcxkX6+PHwBz7USwigR+nEFl+r3RI5iKedxoCdjpKbyt1eIf3nDTEUtP6c8zRTheLUoyhhUCSxagCEVBCs21wRhQfWtEE+RQFjpriq6hK+fwv9Jz7Uc23JuvFrbW9dRBqfgDFwABzRBG1yDDugCDDLwAJ7As3FvPBovxutqtGSsMyfgB4y3T9pgkyo=</latexit><latexit sha1_base64="6Bh79iZs930xyr+K9BtWqhkMsX0=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5Ckoa27ghuXFewD2lAmk0k7dDIJMxOhhn6JGxeKuPVT3Pk3TtoKKnpg4HDOPdw7J0gZlcq2P4zSxubW9k55t7K3f3BYNY+OezLJBCZdnLBEDAIkCaOcdBVVjAxSQVAcMNIPZleF378jQtKE36p5SvwYTTiNKEZKS2OzOsp4SEQRzxtufTE2a7Z12Wq4XgPalm03HdcpiNv06h50tFKgBtbojM33UZjgLCZcYYakHDp2qvwcCUUxI4vKKJMkRXiGJmSoKUcxkX6+PHwBz7USwigR+nEFl+r3RI5iKedxoCdjpKbyt1eIf3nDTEUtP6c8zRTheLUoyhhUCSxagCEVBCs21wRhQfWtEE+RQFjpriq6hK+fwv9Jz7Uc23JuvFrbW9dRBqfgDFwABzRBG1yDDugCDDLwAJ7As3FvPBovxutqtGSsMyfgB4y3T9pgkyo=</latexit>

681
<latexit sha1_base64="1eF9p8OTRy1HOXQhVy7esJTwyLE=">AAAB+HicdVBPS8MwHE3nvzn/rOrRS3AInko6yzZvAy8eJ7g52MpI03QLS9OSpMIs+yRePCji1Y/izW9juk1Q0QeBx3u/x++XF6ScKY3Qh1VaW9/Y3CpvV3Z29/ar9sFhTyWZJLRLEp7IfoAV5UzQrmaa034qKY4DTm+D6WXh395RqVgibvQspX6Mx4JFjGBtpJFdHWYipLKI542WOx/ZNeRctBp1rwGRg1DTrbsFqTe9cw+6RilQAyt0Rvb7MExIFlOhCcdKDVyUaj/HUjPC6bwyzBRNMZniMR0YKnBMlZ8vDp/DU6OEMEqkeULDhfo9keNYqVkcmMkY64n67RXiX94g01HLz5lIM00FWS6KMg51AosWYMgkJZrPDMFEMnMrJBMsMdGmq4op4eun8H/Sqzsuctxrr9b2VnWUwTE4AWfABU3QBlegA7qAgAw8gCfwbN1bj9aL9bocLVmrzBH4AevtE+B6ky4=</latexit><latexit sha1_base64="1eF9p8OTRy1HOXQhVy7esJTwyLE=">AAAB+HicdVBPS8MwHE3nvzn/rOrRS3AInko6yzZvAy8eJ7g52MpI03QLS9OSpMIs+yRePCji1Y/izW9juk1Q0QeBx3u/x++XF6ScKY3Qh1VaW9/Y3CpvV3Z29/ar9sFhTyWZJLRLEp7IfoAV5UzQrmaa034qKY4DTm+D6WXh395RqVgibvQspX6Mx4JFjGBtpJFdHWYipLKI542WOx/ZNeRctBp1rwGRg1DTrbsFqTe9cw+6RilQAyt0Rvb7MExIFlOhCcdKDVyUaj/HUjPC6bwyzBRNMZniMR0YKnBMlZ8vDp/DU6OEMEqkeULDhfo9keNYqVkcmMkY64n67RXiX94g01HLz5lIM00FWS6KMg51AosWYMgkJZrPDMFEMnMrJBMsMdGmq4op4eun8H/Sqzsuctxrr9b2VnWUwTE4AWfABU3QBlegA7qAgAw8gCfwbN1bj9aL9bocLVmrzBH4AevtE+B6ky4=</latexit><latexit sha1_base64="1eF9p8OTRy1HOXQhVy7esJTwyLE=">AAAB+HicdVBPS8MwHE3nvzn/rOrRS3AInko6yzZvAy8eJ7g52MpI03QLS9OSpMIs+yRePCji1Y/izW9juk1Q0QeBx3u/x++XF6ScKY3Qh1VaW9/Y3CpvV3Z29/ar9sFhTyWZJLRLEp7IfoAV5UzQrmaa034qKY4DTm+D6WXh395RqVgibvQspX6Mx4JFjGBtpJFdHWYipLKI542WOx/ZNeRctBp1rwGRg1DTrbsFqTe9cw+6RilQAyt0Rvb7MExIFlOhCcdKDVyUaj/HUjPC6bwyzBRNMZniMR0YKnBMlZ8vDp/DU6OEMEqkeULDhfo9keNYqVkcmMkY64n67RXiX94g01HLz5lIM00FWS6KMg51AosWYMgkJZrPDMFEMnMrJBMsMdGmq4op4eun8H/Sqzsuctxrr9b2VnWUwTE4AWfABU3QBlegA7qAgAw8gCfwbN1bj9aL9bocLVmrzBH4AevtE+B6ky4=</latexit><latexit sha1_base64="1eF9p8OTRy1HOXQhVy7esJTwyLE=">AAAB+HicdVBPS8MwHE3nvzn/rOrRS3AInko6yzZvAy8eJ7g52MpI03QLS9OSpMIs+yRePCji1Y/izW9juk1Q0QeBx3u/x++XF6ScKY3Qh1VaW9/Y3CpvV3Z29/ar9sFhTyWZJLRLEp7IfoAV5UzQrmaa034qKY4DTm+D6WXh395RqVgibvQspX6Mx4JFjGBtpJFdHWYipLKI542WOx/ZNeRctBp1rwGRg1DTrbsFqTe9cw+6RilQAyt0Rvb7MExIFlOhCcdKDVyUaj/HUjPC6bwyzBRNMZniMR0YKnBMlZ8vDp/DU6OEMEqkeULDhfo9keNYqVkcmMkY64n67RXiX94g01HLz5lIM00FWS6KMg51AosWYMgkJZrPDMFEMnMrJBMsMdGmq4op4eun8H/Sqzsuctxrr9b2VnWUwTE4AWfABU3QBlegA7qAgAw8gCfwbN1bj9aL9bocLVmrzBH4AevtE+B6ky4=</latexit>

681
<latexit sha1_base64="1eF9p8OTRy1HOXQhVy7esJTwyLE=">AAAB+HicdVBPS8MwHE3nvzn/rOrRS3AInko6yzZvAy8eJ7g52MpI03QLS9OSpMIs+yRePCji1Y/izW9juk1Q0QeBx3u/x++XF6ScKY3Qh1VaW9/Y3CpvV3Z29/ar9sFhTyWZJLRLEp7IfoAV5UzQrmaa034qKY4DTm+D6WXh395RqVgibvQspX6Mx4JFjGBtpJFdHWYipLKI542WOx/ZNeRctBp1rwGRg1DTrbsFqTe9cw+6RilQAyt0Rvb7MExIFlOhCcdKDVyUaj/HUjPC6bwyzBRNMZniMR0YKnBMlZ8vDp/DU6OEMEqkeULDhfo9keNYqVkcmMkY64n67RXiX94g01HLz5lIM00FWS6KMg51AosWYMgkJZrPDMFEMnMrJBMsMdGmq4op4eun8H/Sqzsuctxrr9b2VnWUwTE4AWfABU3QBlegA7qAgAw8gCfwbN1bj9aL9bocLVmrzBH4AevtE+B6ky4=</latexit><latexit sha1_base64="1eF9p8OTRy1HOXQhVy7esJTwyLE=">AAAB+HicdVBPS8MwHE3nvzn/rOrRS3AInko6yzZvAy8eJ7g52MpI03QLS9OSpMIs+yRePCji1Y/izW9juk1Q0QeBx3u/x++XF6ScKY3Qh1VaW9/Y3CpvV3Z29/ar9sFhTyWZJLRLEp7IfoAV5UzQrmaa034qKY4DTm+D6WXh395RqVgibvQspX6Mx4JFjGBtpJFdHWYipLKI542WOx/ZNeRctBp1rwGRg1DTrbsFqTe9cw+6RilQAyt0Rvb7MExIFlOhCcdKDVyUaj/HUjPC6bwyzBRNMZniMR0YKnBMlZ8vDp/DU6OEMEqkeULDhfo9keNYqVkcmMkY64n67RXiX94g01HLz5lIM00FWS6KMg51AosWYMgkJZrPDMFEMnMrJBMsMdGmq4op4eun8H/Sqzsuctxrr9b2VnWUwTE4AWfABU3QBlegA7qAgAw8gCfwbN1bj9aL9bocLVmrzBH4AevtE+B6ky4=</latexit><latexit sha1_base64="1eF9p8OTRy1HOXQhVy7esJTwyLE=">AAAB+HicdVBPS8MwHE3nvzn/rOrRS3AInko6yzZvAy8eJ7g52MpI03QLS9OSpMIs+yRePCji1Y/izW9juk1Q0QeBx3u/x++XF6ScKY3Qh1VaW9/Y3CpvV3Z29/ar9sFhTyWZJLRLEp7IfoAV5UzQrmaa034qKY4DTm+D6WXh395RqVgibvQspX6Mx4JFjGBtpJFdHWYipLKI542WOx/ZNeRctBp1rwGRg1DTrbsFqTe9cw+6RilQAyt0Rvb7MExIFlOhCcdKDVyUaj/HUjPC6bwyzBRNMZniMR0YKnBMlZ8vDp/DU6OEMEqkeULDhfo9keNYqVkcmMkY64n67RXiX94g01HLz5lIM00FWS6KMg51AosWYMgkJZrPDMFEMnMrJBMsMdGmq4op4eun8H/Sqzsuctxrr9b2VnWUwTE4AWfABU3QBlegA7qAgAw8gCfwbN1bj9aL9bocLVmrzBH4AevtE+B6ky4=</latexit><latexit sha1_base64="1eF9p8OTRy1HOXQhVy7esJTwyLE=">AAAB+HicdVBPS8MwHE3nvzn/rOrRS3AInko6yzZvAy8eJ7g52MpI03QLS9OSpMIs+yRePCji1Y/izW9juk1Q0QeBx3u/x++XF6ScKY3Qh1VaW9/Y3CpvV3Z29/ar9sFhTyWZJLRLEp7IfoAV5UzQrmaa034qKY4DTm+D6WXh395RqVgibvQspX6Mx4JFjGBtpJFdHWYipLKI542WOx/ZNeRctBp1rwGRg1DTrbsFqTe9cw+6RilQAyt0Rvb7MExIFlOhCcdKDVyUaj/HUjPC6bwyzBRNMZniMR0YKnBMlZ8vDp/DU6OEMEqkeULDhfo9keNYqVkcmMkY64n67RXiX94g01HLz5lIM00FWS6KMg51AosWYMgkJZrPDMFEMnMrJBMsMdGmq4op4eun8H/Sqzsuctxrr9b2VnWUwTE4AWfABU3QBlegA7qAgAw8gCfwbN1bj9aL9bocLVmrzBH4AevtE+B6ky4=</latexit>

p p ! e+ ⌫e µ
+ µ� �

<latexit sha1_base64="kNdGaV1ZlQt05XYsHRd92UKNNXI="></latexit><latexit sha1_base64="kNdGaV1ZlQt05XYsHRd92UKNNXI="></latexit><latexit sha1_base64="kNdGaV1ZlQt05XYsHRd92UKNNXI="></latexit><latexit sha1_base64="kNdGaV1ZlQt05XYsHRd92UKNNXI="></latexit>

dipole subtraction method
<latexit sha1_base64="9PRGPdLRcdo1/a4AQr1HpcZ7Huo=">AAACCXicbVA9SwNBEN2LXzF+RS1tFoNgFe5E1DJgYxnBfEASwt7eJFmyd3vszonhSGvjX7GxUMTWf2Dnv3EvuUITHww83pthZp4fS2HQdb+dwsrq2vpGcbO0tb2zu1feP2galWgODa6k0m2fGZAiggYKlNCONbDQl9Dyx9eZ37oHbYSK7nASQy9kw0gMBGdopX6ZdhEeMA1ErCRQk/ioGc8sGgKOVDDtlytu1Z2BLhMvJxWSo94vf3UDxZMQIuSSGdPx3Bh7KdMouIRpqZsYiBkfsyF0LI1YCKaXzj6Z0hOrBHSgtK0I6Uz9PZGy0JhJ6NvOkOHILHqZ+J/XSXBw1UtFFCcIEZ8vGiSSoqJZLDQQGjjKiSWMa2FvpXzEsixseCUbgrf48jJpnlU9t+rdnldqF3kcRXJEjskp8cglqZEbUicNwskjeSav5M15cl6cd+dj3lpw8plD8gfO5w+p2Zrk</latexit><latexit sha1_base64="9PRGPdLRcdo1/a4AQr1HpcZ7Huo=">AAACCXicbVA9SwNBEN2LXzF+RS1tFoNgFe5E1DJgYxnBfEASwt7eJFmyd3vszonhSGvjX7GxUMTWf2Dnv3EvuUITHww83pthZp4fS2HQdb+dwsrq2vpGcbO0tb2zu1feP2galWgODa6k0m2fGZAiggYKlNCONbDQl9Dyx9eZ37oHbYSK7nASQy9kw0gMBGdopX6ZdhEeMA1ErCRQk/ioGc8sGgKOVDDtlytu1Z2BLhMvJxWSo94vf3UDxZMQIuSSGdPx3Bh7KdMouIRpqZsYiBkfsyF0LI1YCKaXzj6Z0hOrBHSgtK0I6Uz9PZGy0JhJ6NvOkOHILHqZ+J/XSXBw1UtFFCcIEZ8vGiSSoqJZLDQQGjjKiSWMa2FvpXzEsixseCUbgrf48jJpnlU9t+rdnldqF3kcRXJEjskp8cglqZEbUicNwskjeSav5M15cl6cd+dj3lpw8plD8gfO5w+p2Zrk</latexit><latexit sha1_base64="9PRGPdLRcdo1/a4AQr1HpcZ7Huo=">AAACCXicbVA9SwNBEN2LXzF+RS1tFoNgFe5E1DJgYxnBfEASwt7eJFmyd3vszonhSGvjX7GxUMTWf2Dnv3EvuUITHww83pthZp4fS2HQdb+dwsrq2vpGcbO0tb2zu1feP2galWgODa6k0m2fGZAiggYKlNCONbDQl9Dyx9eZ37oHbYSK7nASQy9kw0gMBGdopX6ZdhEeMA1ErCRQk/ioGc8sGgKOVDDtlytu1Z2BLhMvJxWSo94vf3UDxZMQIuSSGdPx3Bh7KdMouIRpqZsYiBkfsyF0LI1YCKaXzj6Z0hOrBHSgtK0I6Uz9PZGy0JhJ6NvOkOHILHqZ+J/XSXBw1UtFFCcIEZ8vGiSSoqJZLDQQGjjKiSWMa2FvpXzEsixseCUbgrf48jJpnlU9t+rdnldqF3kcRXJEjskp8cglqZEbUicNwskjeSav5M15cl6cd+dj3lpw8plD8gfO5w+p2Zrk</latexit><latexit sha1_base64="9PRGPdLRcdo1/a4AQr1HpcZ7Huo=">AAACCXicbVA9SwNBEN2LXzF+RS1tFoNgFe5E1DJgYxnBfEASwt7eJFmyd3vszonhSGvjX7GxUMTWf2Dnv3EvuUITHww83pthZp4fS2HQdb+dwsrq2vpGcbO0tb2zu1feP2galWgODa6k0m2fGZAiggYKlNCONbDQl9Dyx9eZ37oHbYSK7nASQy9kw0gMBGdopX6ZdhEeMA1ErCRQk/ioGc8sGgKOVDDtlytu1Z2BLhMvJxWSo94vf3UDxZMQIuSSGdPx3Bh7KdMouIRpqZsYiBkfsyF0LI1YCKaXzj6Z0hOrBHSgtK0I6Uz9PZGy0JhJ6NvOkOHILHqZ+J/XSXBw1UtFFCcIEZ8vGiSSoqJZLDQQGjjKiSWMa2FvpXzEsixseCUbgrf48jJpnlU9t+rdnldqF3kcRXJEjskp8cglqZEbUicNwskjeSav5M15cl6cd+dj3lpw8plD8gfO5w+p2Zrk</latexit>

[Catani, Seymour (1996)]

https://arxiv.org/abs/hep-ph/9605323


Monte Carlo Integrator 
(Vegas) 

                                                                                                            (not public yet)

                                                                                              

UB Cluster being used
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Our Monte Carlo framework

LO & Real radiation & Virtual 1-loop 
(Recola) 

MadGraph MadLoop, OpenLoops  
GoSam, NLOX

Differential / Integrated 
dipoles (MadDipole) 

MG5_aMC@NLO 
Sherpa 

VBFNLO

Parton distribution functions 
(LHAPDF)

[Cascioli, Maierhofer, Pozzorini (2011)]

[Alwall et al. (2014)]
[Gleisberg et al. (2008)]

[Actis et al. (2016)]

[Gehrmann, Greiner (2010)]
[Frederix, Gehrmann, Greiner (2010)]

[Baglio et al. (2011)]

[Buckley et al. (2014)]

[Honeywell, Quackenbush, Reina, Reuschle (2018)]
[Cullen et al. (2014)]

[Frederix, Gehrmann, Greiner (2008)]

http://www.buffalo.edu/ccr/support/research_facilities/general_compute.html
https://arxiv.org/abs/1111.5206
https://arxiv.org/abs/1405.0301
https://arxiv.org/abs/0811.4622
https://arxiv.org/abs/1605.01090
https://arxiv.org/abs/1011.0321
https://arxiv.org/abs/1004.2905
https://arxiv.org/abs/1004.2905
https://arxiv.org/abs/1107.4038
https://arxiv.org/abs/1412.7420
https://arxiv.org/abs/1812.11925
https://arxiv.org/abs/1404.7096
https://arxiv.org/abs/0808.2128
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Input parameters & Total cross sections

p
s = 13 TeV

<latexit sha1_base64="Xx4xX8qGigI6KOfk221NEvscSvY=">AAACAXicbVDLSsNQEL2pr1pfUTeCm2ARXJVEBQsiFNy4rNAXNKHc3E7bS28e3jsRS4gbf8WNC0Xc+hfu/BuTNgttPTBwOGeGmTluKLhC0/zWCkvLK6trxfXSxubW9o6+u9dSQSQZNFkgAtlxqQLBfWgiRwGdUAL1XAFtd3yd+e17kIoHfgMnITgeHfp8wBnFVOrpB7a6kxir5Mo6sy9thAeMG9BKSj29bFbMKYxFYuWkTHLUe/qX3Q9Y5IGPTFClupYZohNTiZwJSEp2pCCkbEyH0E2pTz1QTjz9IDGOU6VvDAKZlo/GVP09EVNPqYnnpp0exZGa9zLxP68b4aDqxNwPIwSfzRYNImFgYGRxGH0ugaGYpIQyydNbDTaikjJMQ8tCsOZfXiSt04plVqzb83KtmsdRJIfkiJwQi1yQGrkhddIkjDySZ/JK3rQn7UV71z5mrQUtn9knf6B9/gABr5aM</latexit><latexit sha1_base64="Xx4xX8qGigI6KOfk221NEvscSvY=">AAACAXicbVDLSsNQEL2pr1pfUTeCm2ARXJVEBQsiFNy4rNAXNKHc3E7bS28e3jsRS4gbf8WNC0Xc+hfu/BuTNgttPTBwOGeGmTluKLhC0/zWCkvLK6trxfXSxubW9o6+u9dSQSQZNFkgAtlxqQLBfWgiRwGdUAL1XAFtd3yd+e17kIoHfgMnITgeHfp8wBnFVOrpB7a6kxir5Mo6sy9thAeMG9BKSj29bFbMKYxFYuWkTHLUe/qX3Q9Y5IGPTFClupYZohNTiZwJSEp2pCCkbEyH0E2pTz1QTjz9IDGOU6VvDAKZlo/GVP09EVNPqYnnpp0exZGa9zLxP68b4aDqxNwPIwSfzRYNImFgYGRxGH0ugaGYpIQyydNbDTaikjJMQ8tCsOZfXiSt04plVqzb83KtmsdRJIfkiJwQi1yQGrkhddIkjDySZ/JK3rQn7UV71z5mrQUtn9knf6B9/gABr5aM</latexit><latexit sha1_base64="Xx4xX8qGigI6KOfk221NEvscSvY=">AAACAXicbVDLSsNQEL2pr1pfUTeCm2ARXJVEBQsiFNy4rNAXNKHc3E7bS28e3jsRS4gbf8WNC0Xc+hfu/BuTNgttPTBwOGeGmTluKLhC0/zWCkvLK6trxfXSxubW9o6+u9dSQSQZNFkgAtlxqQLBfWgiRwGdUAL1XAFtd3yd+e17kIoHfgMnITgeHfp8wBnFVOrpB7a6kxir5Mo6sy9thAeMG9BKSj29bFbMKYxFYuWkTHLUe/qX3Q9Y5IGPTFClupYZohNTiZwJSEp2pCCkbEyH0E2pTz1QTjz9IDGOU6VvDAKZlo/GVP09EVNPqYnnpp0exZGa9zLxP68b4aDqxNwPIwSfzRYNImFgYGRxGH0ugaGYpIQyydNbDTaikjJMQ8tCsOZfXiSt04plVqzb83KtmsdRJIfkiJwQi1yQGrkhddIkjDySZ/JK3rQn7UV71z5mrQUtn9knf6B9/gABr5aM</latexit><latexit sha1_base64="Xx4xX8qGigI6KOfk221NEvscSvY=">AAACAXicbVDLSsNQEL2pr1pfUTeCm2ARXJVEBQsiFNy4rNAXNKHc3E7bS28e3jsRS4gbf8WNC0Xc+hfu/BuTNgttPTBwOGeGmTluKLhC0/zWCkvLK6trxfXSxubW9o6+u9dSQSQZNFkgAtlxqQLBfWgiRwGdUAL1XAFtd3yd+e17kIoHfgMnITgeHfp8wBnFVOrpB7a6kxir5Mo6sy9thAeMG9BKSj29bFbMKYxFYuWkTHLUe/qX3Q9Y5IGPTFClupYZohNTiZwJSEp2pCCkbEyH0E2pTz1QTjz9IDGOU6VvDAKZlo/GVP09EVNPqYnnpp0exZGa9zLxP68b4aDqxNwPIwSfzRYNImFgYGRxGH0ugaGYpIQyydNbDTaikjJMQ8tCsOZfXiSt04plVqzb83KtmsdRJIfkiJwQi1yQGrkhddIkjDySZ/JK3rQn7UV71z5mrQUtn9knf6B9/gABr5aM</latexit>

NNPDF31 nlo as 0118 luxqed
<latexit sha1_base64="Sp7MH+nOAQAJVc5yUHYRKFgUJKE=">AAACDnicbVA9SwNBEN3z2/h1amlzGAJW4VYFUwYUsQoRTAzkwrG3meji3t65OyeGI7/Axr9iY6GIrbWd/8ZNTKGJDwYe780wMy9KpTDo+1/OzOzc/MLi0nJhZXVtfcPd3GqaJNMcGjyRiW5FzIAUChooUEIr1cDiSMJldHM89C/vQBuRqAvsp9CJ2ZUSPcEZWil0SwHCPea1Wv3k9IAGoZJJEDIThD6llSCU2f0tdAehW/TL/gjeNKFjUiRj1EP3M+gmPItBIZfMmDb1U+zkTKPgEgaFIDOQMn7DrqBtqWIxmE4+emfglazS9XqJtqXQG6m/J3IWG9OPI9sZM7w2k95Q/M9rZ9irdHKh0gxB8Z9FvUx6mHjDbLyu0MBR9i1hXAt7q8evmWYcbYIFGwKdfHmaNPfL1C/T88NitTKOY4nskF2yRyg5IlVyRuqkQTh5IE/khbw6j86z8+a8/7TOOOOZbfIHzsc3B0ubbA==</latexit><latexit sha1_base64="Sp7MH+nOAQAJVc5yUHYRKFgUJKE=">AAACDnicbVA9SwNBEN3z2/h1amlzGAJW4VYFUwYUsQoRTAzkwrG3meji3t65OyeGI7/Axr9iY6GIrbWd/8ZNTKGJDwYe780wMy9KpTDo+1/OzOzc/MLi0nJhZXVtfcPd3GqaJNMcGjyRiW5FzIAUChooUEIr1cDiSMJldHM89C/vQBuRqAvsp9CJ2ZUSPcEZWil0SwHCPea1Wv3k9IAGoZJJEDIThD6llSCU2f0tdAehW/TL/gjeNKFjUiRj1EP3M+gmPItBIZfMmDb1U+zkTKPgEgaFIDOQMn7DrqBtqWIxmE4+emfglazS9XqJtqXQG6m/J3IWG9OPI9sZM7w2k95Q/M9rZ9irdHKh0gxB8Z9FvUx6mHjDbLyu0MBR9i1hXAt7q8evmWYcbYIFGwKdfHmaNPfL1C/T88NitTKOY4nskF2yRyg5IlVyRuqkQTh5IE/khbw6j86z8+a8/7TOOOOZbfIHzsc3B0ubbA==</latexit><latexit sha1_base64="Sp7MH+nOAQAJVc5yUHYRKFgUJKE=">AAACDnicbVA9SwNBEN3z2/h1amlzGAJW4VYFUwYUsQoRTAzkwrG3meji3t65OyeGI7/Axr9iY6GIrbWd/8ZNTKGJDwYe780wMy9KpTDo+1/OzOzc/MLi0nJhZXVtfcPd3GqaJNMcGjyRiW5FzIAUChooUEIr1cDiSMJldHM89C/vQBuRqAvsp9CJ2ZUSPcEZWil0SwHCPea1Wv3k9IAGoZJJEDIThD6llSCU2f0tdAehW/TL/gjeNKFjUiRj1EP3M+gmPItBIZfMmDb1U+zkTKPgEgaFIDOQMn7DrqBtqWIxmE4+emfglazS9XqJtqXQG6m/J3IWG9OPI9sZM7w2k95Q/M9rZ9irdHKh0gxB8Z9FvUx6mHjDbLyu0MBR9i1hXAt7q8evmWYcbYIFGwKdfHmaNPfL1C/T88NitTKOY4nskF2yRyg5IlVyRuqkQTh5IE/khbw6j86z8+a8/7TOOOOZbfIHzsc3B0ubbA==</latexit><latexit sha1_base64="Sp7MH+nOAQAJVc5yUHYRKFgUJKE=">AAACDnicbVA9SwNBEN3z2/h1amlzGAJW4VYFUwYUsQoRTAzkwrG3meji3t65OyeGI7/Axr9iY6GIrbWd/8ZNTKGJDwYe780wMy9KpTDo+1/OzOzc/MLi0nJhZXVtfcPd3GqaJNMcGjyRiW5FzIAUChooUEIr1cDiSMJldHM89C/vQBuRqAvsp9CJ2ZUSPcEZWil0SwHCPea1Wv3k9IAGoZJJEDIThD6llSCU2f0tdAehW/TL/gjeNKFjUiRj1EP3M+gmPItBIZfMmDb1U+zkTKPgEgaFIDOQMn7DrqBtqWIxmE4+emfglazS9XqJtqXQG6m/J3IWG9OPI9sZM7w2k95Q/M9rZ9irdHKh0gxB8Z9FvUx6mHjDbLyu0MBR9i1hXAt7q8evmWYcbYIFGwKdfHmaNPfL1C/T88NitTKOY4nskF2yRyg5IlVyRuqkQTh5IE/khbw6j86z8+a8/7TOOOOZbfIHzsc3B0ubbA==</latexit>

Gµ-scheme (Gµ = 1.16637⇥ 10�5)
<latexit sha1_base64="8P5Bp4gsdoGyiGTDLtGyhT20lxg="></latexit><latexit sha1_base64="8P5Bp4gsdoGyiGTDLtGyhT20lxg="></latexit><latexit sha1_base64="8P5Bp4gsdoGyiGTDLtGyhT20lxg="></latexit><latexit sha1_base64="8P5Bp4gsdoGyiGTDLtGyhT20lxg="></latexit>

Mass/Width MW MZ MH �W �Z �H

[GeV] 80.379 91.1876 125.0 2.085 2.4952 0
<latexit sha1_base64="S4/BJYCG6h9tZ5W8edu2+dvuM68="></latexit><latexit sha1_base64="S4/BJYCG6h9tZ5W8edu2+dvuM68="></latexit><latexit sha1_base64="S4/BJYCG6h9tZ5W8edu2+dvuM68="></latexit><latexit sha1_base64="S4/BJYCG6h9tZ5W8edu2+dvuM68="></latexit>

[Particle Data Group (2020)]

pT,l > 20 GeV, |⌘l| < 2.5, pT,� > 15 GeV, |⌘� | < 2.5

ET,miss > 15 GeV, Rl� > 0.4, mµ+µ� > 20 GeV
<latexit sha1_base64="+oZ6Vr4rtl70fyyVJTkJUUni3q4="></latexit><latexit sha1_base64="+oZ6Vr4rtl70fyyVJTkJUUni3q4="></latexit><latexit sha1_base64="+oZ6Vr4rtl70fyyVJTkJUUni3q4="></latexit><latexit sha1_base64="+oZ6Vr4rtl70fyyVJTkJUUni3q4="></latexit>

µR = µF = mWZ� ⌘
q

(pe+ + p⌫e + pµ+ + pµ� + p�)2
<latexit sha1_base64="VbaQllZm1IO747JIHSwzg8bY8YM="></latexit><latexit sha1_base64="VbaQllZm1IO747JIHSwzg8bY8YM="></latexit><latexit sha1_base64="VbaQllZm1IO747JIHSwzg8bY8YM="></latexit><latexit sha1_base64="VbaQllZm1IO747JIHSwzg8bY8YM="></latexit>

�NLO EW [fb] �NLO EW [%] �EW,qq̄ [%] �EW,�q(q̄) [%]
in-house MC 0.2176(1) 0.97(1) -3.99(4) +4.96(1)

<latexit sha1_base64="BX7/NgfOSCwKadjV/+8AnvtIj3U="></latexit><latexit sha1_base64="BX7/NgfOSCwKadjV/+8AnvtIj3U="></latexit><latexit sha1_base64="BX7/NgfOSCwKadjV/+8AnvtIj3U="></latexit><latexit sha1_base64="BX7/NgfOSCwKadjV/+8AnvtIj3U="></latexit>

recombine photon and charged lepton if Rl� < 0.1
<latexit sha1_base64="7qPIcIofASIc+ajdhCG1W4u5LaY="></latexit><latexit sha1_base64="7qPIcIofASIc+ajdhCG1W4u5LaY="></latexit><latexit sha1_base64="7qPIcIofASIc+ajdhCG1W4u5LaY="></latexit><latexit sha1_base64="7qPIcIofASIc+ajdhCG1W4u5LaY="></latexit>

accept if R�j > R0 = 0.7 or pT,j < pT,�

✓
1� cos (R�j)

1� cos(R0)

◆

<latexit sha1_base64="cLHyHQmuw2+SauzKizf8sJjXxOg="></latexit><latexit sha1_base64="cLHyHQmuw2+SauzKizf8sJjXxOg="></latexit><latexit sha1_base64="cLHyHQmuw2+SauzKizf8sJjXxOg="></latexit><latexit sha1_base64="cLHyHQmuw2+SauzKizf8sJjXxOg="></latexit>

[Frixione (1998)]

�LO [fb] �NLO QCD [fb] K-factor

in-house MC 0.2155(1) 0.3709(2) 1.721(1)

VBFNLO-2.7.1 0.2157(1) 0.3734(6) 1.731(3)
<latexit sha1_base64="B+CbdrB7k9sOI8mDqhzh2gW9s0Y="></latexit><latexit sha1_base64="B+CbdrB7k9sOI8mDqhzh2gW9s0Y="></latexit><latexit sha1_base64="B+CbdrB7k9sOI8mDqhzh2gW9s0Y="></latexit><latexit sha1_base64="B+CbdrB7k9sOI8mDqhzh2gW9s0Y="></latexit>

http://pdg.lbl.gov/
https://arxiv.org/abs/hep-ph/9801442
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Validating NLO QCD against VBFNLO 

Preliminary
<latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit>

Preliminary
<latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit>

Other validations done at total cross section level:


NLO QCD to on-shell WWZ production

NLO EW to Drell-Yan e+e- production

NLO EW to ZA production with leptonic decays

NLO QCD to WZA production with leptonic decays

[Nhung, Ninh, Weber (2013)]

[Bozzi, Campanario, Rauch, Rzehak, Zeppenfeld (2010)]
[Denner, Dittmaier, Hecht, Pasold (2015)]
[Dittmaier, Huber (2009)]

p p ! e+ ⌫e µ
+ µ� � @NLO QCD

<latexit sha1_base64="jc1MnijhnNNrR3tUoS/usV4S6KU="></latexit><latexit sha1_base64="jc1MnijhnNNrR3tUoS/usV4S6KU="></latexit><latexit sha1_base64="jc1MnijhnNNrR3tUoS/usV4S6KU="></latexit><latexit sha1_base64="jc1MnijhnNNrR3tUoS/usV4S6KU="></latexit>

p p ! e+ ⌫e µ
+ µ� � @NLO QCD

<latexit sha1_base64="jc1MnijhnNNrR3tUoS/usV4S6KU="></latexit><latexit sha1_base64="jc1MnijhnNNrR3tUoS/usV4S6KU="></latexit><latexit sha1_base64="jc1MnijhnNNrR3tUoS/usV4S6KU="></latexit><latexit sha1_base64="jc1MnijhnNNrR3tUoS/usV4S6KU="></latexit>

https://arxiv.org/abs/1307.7403
https://arxiv.org/abs/1011.2206
https://arxiv.org/abs/1510.08742
https://arxiv.org/abs/0911.2329
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 Mµ+µ�
<latexit sha1_base64="Amg/Kxt0+BQQYQ8CsrHtS32L0KU=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBIsgiCURQZdFN26ECvYBbQyT6aQdOjMJMxOxhIBf4saFIm79EXf+jdPHQlsPXO7hnHuZOydMGFXadb+twtLyyupacb20sbm1vWPvlpsqTiUmDRyzWLZDpAijgjQ01Yy0E0kQDxlphcOrsd96IFLRWNzpUUJ8jvqCRhQjbaTALt8EWZen99lxPmkneR7YFbfqTuAsEm9GKjBDPbC/ur0Yp5wIjRlSquO5ifYzJDXFjOSlbqpIgvAQ9UnHUIE4UX42uT13Do3Sc6JYmhLamai/NzLElRrx0ExypAdq3huL/3mdVEcXfkZFkmoi8PShKGWOjp1xEE6PSoI1GxmCsKTmVgcPkERYm7hKJgRv/suLpHla9dyqd3tWqV0+TeMowj4cwBF4cA41uIY6NADDIzzDK7xZufVivVsf09GCNYtwD/7A+vwBUa6VAw==</latexit><latexit sha1_base64="Amg/Kxt0+BQQYQ8CsrHtS32L0KU=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBIsgiCURQZdFN26ECvYBbQyT6aQdOjMJMxOxhIBf4saFIm79EXf+jdPHQlsPXO7hnHuZOydMGFXadb+twtLyyupacb20sbm1vWPvlpsqTiUmDRyzWLZDpAijgjQ01Yy0E0kQDxlphcOrsd96IFLRWNzpUUJ8jvqCRhQjbaTALt8EWZen99lxPmkneR7YFbfqTuAsEm9GKjBDPbC/ur0Yp5wIjRlSquO5ifYzJDXFjOSlbqpIgvAQ9UnHUIE4UX42uT13Do3Sc6JYmhLamai/NzLElRrx0ExypAdq3huL/3mdVEcXfkZFkmoi8PShKGWOjp1xEE6PSoI1GxmCsKTmVgcPkERYm7hKJgRv/suLpHla9dyqd3tWqV0+TeMowj4cwBF4cA41uIY6NADDIzzDK7xZufVivVsf09GCNYtwD/7A+vwBUa6VAw==</latexit><latexit sha1_base64="Amg/Kxt0+BQQYQ8CsrHtS32L0KU=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBIsgiCURQZdFN26ECvYBbQyT6aQdOjMJMxOxhIBf4saFIm79EXf+jdPHQlsPXO7hnHuZOydMGFXadb+twtLyyupacb20sbm1vWPvlpsqTiUmDRyzWLZDpAijgjQ01Yy0E0kQDxlphcOrsd96IFLRWNzpUUJ8jvqCRhQjbaTALt8EWZen99lxPmkneR7YFbfqTuAsEm9GKjBDPbC/ur0Yp5wIjRlSquO5ifYzJDXFjOSlbqpIgvAQ9UnHUIE4UX42uT13Do3Sc6JYmhLamai/NzLElRrx0ExypAdq3huL/3mdVEcXfkZFkmoi8PShKGWOjp1xEE6PSoI1GxmCsKTmVgcPkERYm7hKJgRv/suLpHla9dyqd3tWqV0+TeMowj4cwBF4cA41uIY6NADDIzzDK7xZufVivVsf09GCNYtwD/7A+vwBUa6VAw==</latexit><latexit sha1_base64="Amg/Kxt0+BQQYQ8CsrHtS32L0KU=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBIsgiCURQZdFN26ECvYBbQyT6aQdOjMJMxOxhIBf4saFIm79EXf+jdPHQlsPXO7hnHuZOydMGFXadb+twtLyyupacb20sbm1vWPvlpsqTiUmDRyzWLZDpAijgjQ01Yy0E0kQDxlphcOrsd96IFLRWNzpUUJ8jvqCRhQjbaTALt8EWZen99lxPmkneR7YFbfqTuAsEm9GKjBDPbC/ur0Yp5wIjRlSquO5ifYzJDXFjOSlbqpIgvAQ9UnHUIE4UX42uT13Do3Sc6JYmhLamai/NzLElRrx0ExypAdq3huL/3mdVEcXfkZFkmoi8PShKGWOjp1xEE6PSoI1GxmCsKTmVgcPkERYm7hKJgRv/suLpHla9dyqd3tWqV0+TeMowj4cwBF4cA41uIY6NADDIzzDK7xZufVivVsf09GCNYtwD/7A+vwBUa6VAw==</latexit>

Preliminary
<latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit>

scale variations: ‘2-point’ - varying µR and µF simultaneously up and down by a factor of 2
<latexit sha1_base64="Hg9XgCbJsYoRgTbs5UWOa28aov0="></latexit><latexit sha1_base64="Hg9XgCbJsYoRgTbs5UWOa28aov0="></latexit><latexit sha1_base64="Hg9XgCbJsYoRgTbs5UWOa28aov0="></latexit><latexit sha1_base64="Hg9XgCbJsYoRgTbs5UWOa28aov0="></latexit>

resonance region: QED e↵ects
<latexit sha1_base64="Wyh11d6kMhndi43hspiYBAbT7tk=">AAACDXicbVC7SgNBFJ31GeMramkzGAWrsCsBxSqggmUC5gFJCLOTu8mQ2dll5q4YlvyAjb9iY6GIrb2df+PkUWjigYHDOfdy5xw/lsKg6347S8srq2vrmY3s5tb2zm5ub79mokRzqPJIRrrhMwNSKKiiQAmNWAMLfQl1f3A19uv3oI2I1B0OY2iHrKdEIDhDK3Vyxy2EB0w1mEgxxYFq6FnjklZurikEAXA0o04u7xbcCegi8WYkT2Yod3JfrW7EkxAUcsmMaXpujO2UaRRcwijbSgzEjA9YD5qWKhaCaaeTNCN6YpUuDSJtn0I6UX9vpCw0Zhj6djJk2Dfz3lj8z2smGFy0U6HiBEHx6aEgkRQjOq6GdoW2ceXQEsa1sH+lvM8042gLzNoSvPnIi6R2VvDcglcp5kvFWR0ZckiOyCnxyDkpkVtSJlXCySN5Jq/kzXlyXpx352M6uuTMdg7IHzifP2yZm7Q=</latexit><latexit sha1_base64="Wyh11d6kMhndi43hspiYBAbT7tk=">AAACDXicbVC7SgNBFJ31GeMramkzGAWrsCsBxSqggmUC5gFJCLOTu8mQ2dll5q4YlvyAjb9iY6GIrb2df+PkUWjigYHDOfdy5xw/lsKg6347S8srq2vrmY3s5tb2zm5ub79mokRzqPJIRrrhMwNSKKiiQAmNWAMLfQl1f3A19uv3oI2I1B0OY2iHrKdEIDhDK3Vyxy2EB0w1mEgxxYFq6FnjklZurikEAXA0o04u7xbcCegi8WYkT2Yod3JfrW7EkxAUcsmMaXpujO2UaRRcwijbSgzEjA9YD5qWKhaCaaeTNCN6YpUuDSJtn0I6UX9vpCw0Zhj6djJk2Dfz3lj8z2smGFy0U6HiBEHx6aEgkRQjOq6GdoW2ceXQEsa1sH+lvM8042gLzNoSvPnIi6R2VvDcglcp5kvFWR0ZckiOyCnxyDkpkVtSJlXCySN5Jq/kzXlyXpx352M6uuTMdg7IHzifP2yZm7Q=</latexit><latexit sha1_base64="Wyh11d6kMhndi43hspiYBAbT7tk=">AAACDXicbVC7SgNBFJ31GeMramkzGAWrsCsBxSqggmUC5gFJCLOTu8mQ2dll5q4YlvyAjb9iY6GIrb2df+PkUWjigYHDOfdy5xw/lsKg6347S8srq2vrmY3s5tb2zm5ub79mokRzqPJIRrrhMwNSKKiiQAmNWAMLfQl1f3A19uv3oI2I1B0OY2iHrKdEIDhDK3Vyxy2EB0w1mEgxxYFq6FnjklZurikEAXA0o04u7xbcCegi8WYkT2Yod3JfrW7EkxAUcsmMaXpujO2UaRRcwijbSgzEjA9YD5qWKhaCaaeTNCN6YpUuDSJtn0I6UX9vpCw0Zhj6djJk2Dfz3lj8z2smGFy0U6HiBEHx6aEgkRQjOq6GdoW2ceXQEsa1sH+lvM8042gLzNoSvPnIi6R2VvDcglcp5kvFWR0ZckiOyCnxyDkpkVtSJlXCySN5Jq/kzXlyXpx352M6uuTMdg7IHzifP2yZm7Q=</latexit><latexit sha1_base64="Wyh11d6kMhndi43hspiYBAbT7tk=">AAACDXicbVC7SgNBFJ31GeMramkzGAWrsCsBxSqggmUC5gFJCLOTu8mQ2dll5q4YlvyAjb9iY6GIrb2df+PkUWjigYHDOfdy5xw/lsKg6347S8srq2vrmY3s5tb2zm5ub79mokRzqPJIRrrhMwNSKKiiQAmNWAMLfQl1f3A19uv3oI2I1B0OY2iHrKdEIDhDK3Vyxy2EB0w1mEgxxYFq6FnjklZurikEAXA0o04u7xbcCegi8WYkT2Yod3JfrW7EkxAUcsmMaXpujO2UaRRcwijbSgzEjA9YD5qWKhaCaaeTNCN6YpUuDSJtn0I6UX9vpCw0Zhj6djJk2Dfz3lj8z2smGFy0U6HiBEHx6aEgkRQjOq6GdoW2ceXQEsa1sH+lvM8042gLzNoSvPnIi6R2VvDcglcp5kvFWR0ZckiOyCnxyDkpkVtSJlXCySN5Jq/kzXlyXpx352M6uuTMdg7IHzifP2yZm7Q=</latexit>

tail region: EW and QCD corrections are comparable

! large cancellations
<latexit sha1_base64="/jAopkXRiZk//JoV9y+UYsiWX/o="></latexit><latexit sha1_base64="/jAopkXRiZk//JoV9y+UYsiWX/o="></latexit><latexit sha1_base64="/jAopkXRiZk//JoV9y+UYsiWX/o="></latexit><latexit sha1_base64="/jAopkXRiZk//JoV9y+UYsiWX/o="></latexit>

QCD corrections are dominant
<latexit sha1_base64="cVeZwgJtyQFQjJrgmrC7X0cG9MQ=">AAACDXicbVC7SgNBFJ2NrxhfUUubwShYhV0JaBmIhWUC5gFJCLOTm2TI7Mwyc1cMS37Axl+xsVDE1t7Ov3E3SaGJBwYO59zLnXP8UAqLrvvtZNbWNza3stu5nd29/YP84VHD6shwqHMttWn5zIIUCuooUEIrNMACX0LTH1dSv3kPxgqt7nASQjdgQyUGgjNMpF7+rIPwgHGtckO5NgZ4KlvKDNC+DoRiCqe5Xr7gFt0Z6CrxFqRAFqj28l+dvuZRAAq5ZNa2PTfEbswMCi5hmutEFkLGx2wI7YQqFoDtxrM0U3qeKH060CZ5CulM/b0Rs8DaSeAnkwHDkV32UvE/rx3h4LobCxVGCIrPDw0iSVHTtBraF2l+OUkI40Ykf6V8xAzjmBSYluAtR14ljcui5xa9WqlQLi3qyJITckouiEeuSJnckiqpE04eyTN5JW/Ok/PivDsf89GMs9g5Jn/gfP4AQwybnQ==</latexit><latexit sha1_base64="cVeZwgJtyQFQjJrgmrC7X0cG9MQ=">AAACDXicbVC7SgNBFJ2NrxhfUUubwShYhV0JaBmIhWUC5gFJCLOTm2TI7Mwyc1cMS37Axl+xsVDE1t7Ov3E3SaGJBwYO59zLnXP8UAqLrvvtZNbWNza3stu5nd29/YP84VHD6shwqHMttWn5zIIUCuooUEIrNMACX0LTH1dSv3kPxgqt7nASQjdgQyUGgjNMpF7+rIPwgHGtckO5NgZ4KlvKDNC+DoRiCqe5Xr7gFt0Z6CrxFqRAFqj28l+dvuZRAAq5ZNa2PTfEbswMCi5hmutEFkLGx2wI7YQqFoDtxrM0U3qeKH060CZ5CulM/b0Rs8DaSeAnkwHDkV32UvE/rx3h4LobCxVGCIrPDw0iSVHTtBraF2l+OUkI40Ykf6V8xAzjmBSYluAtR14ljcui5xa9WqlQLi3qyJITckouiEeuSJnckiqpE04eyTN5JW/Ok/PivDsf89GMs9g5Jn/gfP4AQwybnQ==</latexit><latexit sha1_base64="cVeZwgJtyQFQjJrgmrC7X0cG9MQ=">AAACDXicbVC7SgNBFJ2NrxhfUUubwShYhV0JaBmIhWUC5gFJCLOTm2TI7Mwyc1cMS37Axl+xsVDE1t7Ov3E3SaGJBwYO59zLnXP8UAqLrvvtZNbWNza3stu5nd29/YP84VHD6shwqHMttWn5zIIUCuooUEIrNMACX0LTH1dSv3kPxgqt7nASQjdgQyUGgjNMpF7+rIPwgHGtckO5NgZ4KlvKDNC+DoRiCqe5Xr7gFt0Z6CrxFqRAFqj28l+dvuZRAAq5ZNa2PTfEbswMCi5hmutEFkLGx2wI7YQqFoDtxrM0U3qeKH060CZ5CulM/b0Rs8DaSeAnkwHDkV32UvE/rx3h4LobCxVGCIrPDw0iSVHTtBraF2l+OUkI40Ykf6V8xAzjmBSYluAtR14ljcui5xa9WqlQLi3qyJITckouiEeuSJnckiqpE04eyTN5JW/Ok/PivDsf89GMs9g5Jn/gfP4AQwybnQ==</latexit><latexit sha1_base64="cVeZwgJtyQFQjJrgmrC7X0cG9MQ=">AAACDXicbVC7SgNBFJ2NrxhfUUubwShYhV0JaBmIhWUC5gFJCLOTm2TI7Mwyc1cMS37Axl+xsVDE1t7Ov3E3SaGJBwYO59zLnXP8UAqLrvvtZNbWNza3stu5nd29/YP84VHD6shwqHMttWn5zIIUCuooUEIrNMACX0LTH1dSv3kPxgqt7nASQjdgQyUGgjNMpF7+rIPwgHGtckO5NgZ4KlvKDNC+DoRiCqe5Xr7gFt0Z6CrxFqRAFqj28l+dvuZRAAq5ZNa2PTfEbswMCi5hmutEFkLGx2wI7YQqFoDtxrM0U3qeKH060CZ5CulM/b0Rs8DaSeAnkwHDkV32UvE/rx3h4LobCxVGCIrPDw0iSVHTtBraF2l+OUkI40Ykf6V8xAzjmBSYluAtR14ljcui5xa9WqlQLi3qyJITckouiEeuSJnckiqpE04eyTN5JW/Ok/PivDsf89GMs9g5Jn/gfP4AQwybnQ==</latexit>

Preliminary
<latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit>

p p ! e+ ⌫e µ
+ µ� � @NLO QCD & EW

<latexit sha1_base64="MKxoKOVqQeGWoJ7Qy75kHkGGpLQ="></latexit><latexit sha1_base64="MKxoKOVqQeGWoJ7Qy75kHkGGpLQ="></latexit><latexit sha1_base64="MKxoKOVqQeGWoJ7Qy75kHkGGpLQ="></latexit><latexit sha1_base64="MKxoKOVqQeGWoJ7Qy75kHkGGpLQ="></latexit>

p p ! e+ ⌫e µ
+ µ� � @NLO QCD & EW

<latexit sha1_base64="MKxoKOVqQeGWoJ7Qy75kHkGGpLQ="></latexit><latexit sha1_base64="MKxoKOVqQeGWoJ7Qy75kHkGGpLQ="></latexit><latexit sha1_base64="MKxoKOVqQeGWoJ7Qy75kHkGGpLQ="></latexit><latexit sha1_base64="MKxoKOVqQeGWoJ7Qy75kHkGGpLQ="></latexit>



!12

 MT,e+⌫e
& Mµ+µ��

<latexit sha1_base64="SNy7Dcxp5UXUkPpnklLbSKpuCkA=">AAACIHicbVBNS8NAEN34bf2qevQSLIqglkREhV4KXrwIClaFpobNdlqX7m7C7kQsIT/Fi3/FiwdF9Ka/xk3twa8Hwzzem2F3XpQIbtDz3p2R0bHxicmp6dLM7Nz8Qnlx6dzEqWbQYLGI9WVEDQiuoIEcBVwmGqiMBFxEvcPCv7gBbXiszrCfQEvSruIdzihaKSzvH4dZgHCL2Vm+BVfZZh6oNMwgz4NasB7UClumA71o23nQpVLSPCxXvKo3gPuX+ENSIUOchOW3oB2zVIJCJqgxTd9LsJVRjZwJyEtBaiChrEe70LRUUQmmlQ0OzN01q7TdTqxtKXQH6veNjEpj+jKyk5LitfntFeJ/XjPFzkEr4ypJERT7eqiTChdjt0jLbXMNDEXfEso0t3912TXVlKHNtGRD8H+f/Jec71R9r+qf7lbqe8M4psgKWSUbxCf7pE6OyAlpEEbuyAN5Is/OvfPovDivX6MjznBnmfyA8/EJDO2kFg==</latexit><latexit sha1_base64="SNy7Dcxp5UXUkPpnklLbSKpuCkA=">AAACIHicbVBNS8NAEN34bf2qevQSLIqglkREhV4KXrwIClaFpobNdlqX7m7C7kQsIT/Fi3/FiwdF9Ka/xk3twa8Hwzzem2F3XpQIbtDz3p2R0bHxicmp6dLM7Nz8Qnlx6dzEqWbQYLGI9WVEDQiuoIEcBVwmGqiMBFxEvcPCv7gBbXiszrCfQEvSruIdzihaKSzvH4dZgHCL2Vm+BVfZZh6oNMwgz4NasB7UClumA71o23nQpVLSPCxXvKo3gPuX+ENSIUOchOW3oB2zVIJCJqgxTd9LsJVRjZwJyEtBaiChrEe70LRUUQmmlQ0OzN01q7TdTqxtKXQH6veNjEpj+jKyk5LitfntFeJ/XjPFzkEr4ypJERT7eqiTChdjt0jLbXMNDEXfEso0t3912TXVlKHNtGRD8H+f/Jec71R9r+qf7lbqe8M4psgKWSUbxCf7pE6OyAlpEEbuyAN5Is/OvfPovDivX6MjznBnmfyA8/EJDO2kFg==</latexit><latexit sha1_base64="SNy7Dcxp5UXUkPpnklLbSKpuCkA=">AAACIHicbVBNS8NAEN34bf2qevQSLIqglkREhV4KXrwIClaFpobNdlqX7m7C7kQsIT/Fi3/FiwdF9Ka/xk3twa8Hwzzem2F3XpQIbtDz3p2R0bHxicmp6dLM7Nz8Qnlx6dzEqWbQYLGI9WVEDQiuoIEcBVwmGqiMBFxEvcPCv7gBbXiszrCfQEvSruIdzihaKSzvH4dZgHCL2Vm+BVfZZh6oNMwgz4NasB7UClumA71o23nQpVLSPCxXvKo3gPuX+ENSIUOchOW3oB2zVIJCJqgxTd9LsJVRjZwJyEtBaiChrEe70LRUUQmmlQ0OzN01q7TdTqxtKXQH6veNjEpj+jKyk5LitfntFeJ/XjPFzkEr4ypJERT7eqiTChdjt0jLbXMNDEXfEso0t3912TXVlKHNtGRD8H+f/Jec71R9r+qf7lbqe8M4psgKWSUbxCf7pE6OyAlpEEbuyAN5Is/OvfPovDivX6MjznBnmfyA8/EJDO2kFg==</latexit><latexit sha1_base64="SNy7Dcxp5UXUkPpnklLbSKpuCkA=">AAACIHicbVBNS8NAEN34bf2qevQSLIqglkREhV4KXrwIClaFpobNdlqX7m7C7kQsIT/Fi3/FiwdF9Ka/xk3twa8Hwzzem2F3XpQIbtDz3p2R0bHxicmp6dLM7Nz8Qnlx6dzEqWbQYLGI9WVEDQiuoIEcBVwmGqiMBFxEvcPCv7gBbXiszrCfQEvSruIdzihaKSzvH4dZgHCL2Vm+BVfZZh6oNMwgz4NasB7UClumA71o23nQpVLSPCxXvKo3gPuX+ENSIUOchOW3oB2zVIJCJqgxTd9LsJVRjZwJyEtBaiChrEe70LRUUQmmlQ0OzN01q7TdTqxtKXQH6veNjEpj+jKyk5LitfntFeJ/XjPFzkEr4ypJERT7eqiTChdjt0jLbXMNDEXfEso0t3912TXVlKHNtGRD8H+f/Jec71R9r+qf7lbqe8M4psgKWSUbxCf7pE6OyAlpEEbuyAN5Is/OvfPovDivX6MjznBnmfyA8/EJDO2kFg==</latexit>

Preliminary
<latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit>

Preliminary
<latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit>

similar with Mµ+µ� at tail region
<latexit sha1_base64="pcRRTdDGfbtFrOGoMB9Xb2vk/Ds=">AAACJ3icbVDLSgMxFM34tr6qLt0EiyCIZUYKuhLBjRtBwarQ1nInvW2DycyQ3FHLMH/jxl9xI6iILv0T08fC14WQw3mQ3BMmSlry/Q9vbHxicmp6ZrYwN7+wuFRcXjm3cWoEVkWsYnMZgkUlI6ySJIWXiUHQocKL8Pqwr1/coLEyjs6ol2BDQyeSbSmAHNUs7tcJ7yizUksFht9K6vKcHzezuk6vsq18cG3nOR/6OBAnkIob7Lh83iyW/LI/GP4XBCNQYqM5aRaf661YpBojEgqsrQV+Qo0MDEmhMC/UU4sJiGvoYM3BCDTaRjbYM+cbjmnxdmzciYgP2O+JDLS1PR06pwbq2t9an/xPq6XU3mtkMkpSwkgMH2qnilPM+6XxljQoSPUcAGGk+ysXXTAgyFVbcCUEv1f+C853yoFfDk4rpYPKqI4ZtsbW2SYL2C47YEfshFWZYPfskb2wV+/Be/LevPehdcwbZVbZj/E+vwCdjqbv</latexit><latexit sha1_base64="pcRRTdDGfbtFrOGoMB9Xb2vk/Ds=">AAACJ3icbVDLSgMxFM34tr6qLt0EiyCIZUYKuhLBjRtBwarQ1nInvW2DycyQ3FHLMH/jxl9xI6iILv0T08fC14WQw3mQ3BMmSlry/Q9vbHxicmp6ZrYwN7+wuFRcXjm3cWoEVkWsYnMZgkUlI6ySJIWXiUHQocKL8Pqwr1/coLEyjs6ol2BDQyeSbSmAHNUs7tcJ7yizUksFht9K6vKcHzezuk6vsq18cG3nOR/6OBAnkIob7Lh83iyW/LI/GP4XBCNQYqM5aRaf661YpBojEgqsrQV+Qo0MDEmhMC/UU4sJiGvoYM3BCDTaRjbYM+cbjmnxdmzciYgP2O+JDLS1PR06pwbq2t9an/xPq6XU3mtkMkpSwkgMH2qnilPM+6XxljQoSPUcAGGk+ysXXTAgyFVbcCUEv1f+C853yoFfDk4rpYPKqI4ZtsbW2SYL2C47YEfshFWZYPfskb2wV+/Be/LevPehdcwbZVbZj/E+vwCdjqbv</latexit><latexit sha1_base64="pcRRTdDGfbtFrOGoMB9Xb2vk/Ds=">AAACJ3icbVDLSgMxFM34tr6qLt0EiyCIZUYKuhLBjRtBwarQ1nInvW2DycyQ3FHLMH/jxl9xI6iILv0T08fC14WQw3mQ3BMmSlry/Q9vbHxicmp6ZrYwN7+wuFRcXjm3cWoEVkWsYnMZgkUlI6ySJIWXiUHQocKL8Pqwr1/coLEyjs6ol2BDQyeSbSmAHNUs7tcJ7yizUksFht9K6vKcHzezuk6vsq18cG3nOR/6OBAnkIob7Lh83iyW/LI/GP4XBCNQYqM5aRaf661YpBojEgqsrQV+Qo0MDEmhMC/UU4sJiGvoYM3BCDTaRjbYM+cbjmnxdmzciYgP2O+JDLS1PR06pwbq2t9an/xPq6XU3mtkMkpSwkgMH2qnilPM+6XxljQoSPUcAGGk+ysXXTAgyFVbcCUEv1f+C853yoFfDk4rpYPKqI4ZtsbW2SYL2C47YEfshFWZYPfskb2wV+/Be/LevPehdcwbZVbZj/E+vwCdjqbv</latexit><latexit sha1_base64="pcRRTdDGfbtFrOGoMB9Xb2vk/Ds=">AAACJ3icbVDLSgMxFM34tr6qLt0EiyCIZUYKuhLBjRtBwarQ1nInvW2DycyQ3FHLMH/jxl9xI6iILv0T08fC14WQw3mQ3BMmSlry/Q9vbHxicmp6ZrYwN7+wuFRcXjm3cWoEVkWsYnMZgkUlI6ySJIWXiUHQocKL8Pqwr1/coLEyjs6ol2BDQyeSbSmAHNUs7tcJ7yizUksFht9K6vKcHzezuk6vsq18cG3nOR/6OBAnkIob7Lh83iyW/LI/GP4XBCNQYqM5aRaf661YpBojEgqsrQV+Qo0MDEmhMC/UU4sJiGvoYM3BCDTaRjbYM+cbjmnxdmzciYgP2O+JDLS1PR06pwbq2t9an/xPq6XU3mtkMkpSwkgMH2qnilPM+6XxljQoSPUcAGGk+ysXXTAgyFVbcCUEv1f+C853yoFfDk4rpYPKqI4ZtsbW2SYL2C47YEfshFWZYPfskb2wV+/Be/LevPehdcwbZVbZj/E+vwCdjqbv</latexit>

NLO EW corrections become relevant

at the tail (beyond 1 TeV)
<latexit sha1_base64="TFgYcoKVvojhLKxVZyNVCb7LvEI="></latexit><latexit sha1_base64="TFgYcoKVvojhLKxVZyNVCb7LvEI="></latexit><latexit sha1_base64="TFgYcoKVvojhLKxVZyNVCb7LvEI="></latexit><latexit sha1_base64="TFgYcoKVvojhLKxVZyNVCb7LvEI="></latexit>

p p ! e+ ⌫e µ
+ µ� � @NLO QCD & EW

<latexit sha1_base64="MKxoKOVqQeGWoJ7Qy75kHkGGpLQ="></latexit><latexit sha1_base64="MKxoKOVqQeGWoJ7Qy75kHkGGpLQ="></latexit><latexit sha1_base64="MKxoKOVqQeGWoJ7Qy75kHkGGpLQ="></latexit><latexit sha1_base64="MKxoKOVqQeGWoJ7Qy75kHkGGpLQ="></latexit>

p p ! e+ ⌫e µ
+ µ� � @NLO QCD & EW

<latexit sha1_base64="MKxoKOVqQeGWoJ7Qy75kHkGGpLQ="></latexit><latexit sha1_base64="MKxoKOVqQeGWoJ7Qy75kHkGGpLQ="></latexit><latexit sha1_base64="MKxoKOVqQeGWoJ7Qy75kHkGGpLQ="></latexit><latexit sha1_base64="MKxoKOVqQeGWoJ7Qy75kHkGGpLQ="></latexit>



Questions: 

1. Which operators (effects) should be included?  (SM * Dim-6, Dim-6 ^2, SM * Dim-8 ?)

     - A: including NLO EW corrections in SM should be the bottom line.


2. Adding on single dim-8 operator, if we can approach up to eg. 1.5 TeV, 

what would be the max allowed Wilson coefficient not to violate the unitarity?


One guidance: 
Derive partial-wave unitarity bounds on dim-8 operators from 2->2 scattering.


- applied by CMS on ZZjj VBS and ZAjj VBS


-> apply this guidance to WZA production  
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NLO corrections in SM vs. tree-level effects of single dim-8   

[CMS Collaboration: ZZjj (2020)] [CMS Collaboration: ZAjj (2021)]

[Almeida, Eboli, Gonzalez-Garcia (2020)]

[Snowmass White Paper (2013)]
[Eboli, Gonzalez-Garcia, Mizukosh (2006)]
[Eboli, Gonzalez-Garcia (2016)]

affect quartic gauge couplings

without touching the triple ones

[Grzadkowski, Iskrzynski, Misiak, Rosiek (2010)]

https://arxiv.org/abs/2008.07013
https://cds.cern.ch/record/2759297
https://arxiv.org/abs/2004.05174
https://arxiv.org/abs/1309.7890
https://arxiv.org/abs/hep-ph/0606118
https://arxiv.org/abs/1604.03555
https://arxiv.org/abs/1008.4884
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NLO corrections in SM vs. tree-level effects of single dim-8   

Preliminary
<latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit>

Preliminary
<latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit>

- observable sensitive to the operators

- NLO EW corrections barely relevant
<latexit sha1_base64="uHcs3HTkVvH5S7CrxLAK6APQWFs="></latexit><latexit sha1_base64="uHcs3HTkVvH5S7CrxLAK6APQWFs="></latexit><latexit sha1_base64="uHcs3HTkVvH5S7CrxLAK6APQWFs="></latexit><latexit sha1_base64="uHcs3HTkVvH5S7CrxLAK6APQWFs="></latexit>

- observable less sensitive to the operators

- NLO EW corrections much more involved

- constraints not reliable without NLO EW corrections
<latexit sha1_base64="j+EIcfVFfGdmrcCoKgXFJ4Dz1Ow="></latexit><latexit sha1_base64="j+EIcfVFfGdmrcCoKgXFJ4Dz1Ow="></latexit><latexit sha1_base64="j+EIcfVFfGdmrcCoKgXFJ4Dz1Ow="></latexit><latexit sha1_base64="j+EIcfVFfGdmrcCoKgXFJ4Dz1Ow="></latexit>

The coe�cients of each dim-8 operators are taken as the maximum allowed values not to

violate the unitarity for
p
ŝ < 1.5 TeV. All realistic e↵ects should stay below the bounds.

<latexit sha1_base64="subxEPIYyWwZBvSWhfVmU0QsHHo="></latexit><latexit sha1_base64="subxEPIYyWwZBvSWhfVmU0QsHHo="></latexit><latexit sha1_base64="subxEPIYyWwZBvSWhfVmU0QsHHo="></latexit><latexit sha1_base64="subxEPIYyWwZBvSWhfVmU0QsHHo="></latexit>

p p ! e+ ⌫e µ
+ µ� � @“ ASMA⇤

dim-8 ”
<latexit sha1_base64="jLToakutdY+4QHV3USJNjjUsP8w="></latexit><latexit sha1_base64="jLToakutdY+4QHV3USJNjjUsP8w="></latexit><latexit sha1_base64="jLToakutdY+4QHV3USJNjjUsP8w="></latexit><latexit sha1_base64="jLToakutdY+4QHV3USJNjjUsP8w="></latexit>

p p ! e+ ⌫e µ
+ µ� � @“ ASMA⇤

dim-8 ”
<latexit sha1_base64="jLToakutdY+4QHV3USJNjjUsP8w="></latexit><latexit sha1_base64="jLToakutdY+4QHV3USJNjjUsP8w="></latexit><latexit sha1_base64="jLToakutdY+4QHV3USJNjjUsP8w="></latexit><latexit sha1_base64="jLToakutdY+4QHV3USJNjjUsP8w="></latexit>
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Summary

- We construct a Monte Carlo framework which can calculate any processes in SM 
at NLO QCD and EW accuracy automatically.


- We calculate the NLO EW corrections to WZA production with leptonic decays, 
including all off-shell effects.


- We study the tree-level effects of individual dimension-8 operator and its unitarity 
bound in various kinematic distributions.


- We conclude that NLO EW corrections are indispensable for the precision 
measurements in SM and set constraint on dimension-8 operators in SMEFT.



!16

Back-ups
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Back-up: Combining NLO QCD and NLO EW corrections 

�QCD =
�NLO QCD

�LO

� 1
<latexit sha1_base64="BxYuAjEA8f2vtsi/TJ+KAFOt9hk="></latexit><latexit sha1_base64="BxYuAjEA8f2vtsi/TJ+KAFOt9hk="></latexit><latexit sha1_base64="BxYuAjEA8f2vtsi/TJ+KAFOt9hk="></latexit><latexit sha1_base64="BxYuAjEA8f2vtsi/TJ+KAFOt9hk="></latexit>

�EW =
�NLO EW

�LO

� 1
<latexit sha1_base64="6ikcgCD6vcL+7KzSS/e4W3My+1s=">AAACL3icbZBNSwMxEIaz9bt+VT16CRbBi2VXRL0Igigeiq1grdAtJZvOtqHZD5JZsSz7j7z4V3oRUcSr/8K0FtHqQODleWeYzOvFUmi07WcrNzU9Mzs3v5BfXFpeWS2srd/oKFEcajySkbr1mAYpQqihQAm3sQIWeBLqXu906NfvQGkRhdfYj6EZsE4ofMEZGtQqnLttkMhaqYtwj+lZPcuOXV8xnrpadIJv47JcoUMzm+DlimG7TqtQtEv2qOhf4YxFkYyr2ioM3HbEkwBC5JJp3XDsGJspUyi4hCzvJhpixnusAw0jQxaAbqajezO6bUib+pEyL0Q6oj8nUhZo3Q880xkw7OpJbwj/8xoJ+kfNVIRxghDyr0V+IilGdBgebQsFHGXfCMaVMH+lvMtMWmgizpsQnMmT/4qbvZJjl5yr/eLJwTiOebJJtsgOccghOSEXpEpqhJMHMiAv5NV6tJ6sN+v9qzVnjWc2yK+yPj4B1MurSg==</latexit><latexit sha1_base64="6ikcgCD6vcL+7KzSS/e4W3My+1s=">AAACL3icbZBNSwMxEIaz9bt+VT16CRbBi2VXRL0Igigeiq1grdAtJZvOtqHZD5JZsSz7j7z4V3oRUcSr/8K0FtHqQODleWeYzOvFUmi07WcrNzU9Mzs3v5BfXFpeWS2srd/oKFEcajySkbr1mAYpQqihQAm3sQIWeBLqXu906NfvQGkRhdfYj6EZsE4ofMEZGtQqnLttkMhaqYtwj+lZPcuOXV8xnrpadIJv47JcoUMzm+DlimG7TqtQtEv2qOhf4YxFkYyr2ioM3HbEkwBC5JJp3XDsGJspUyi4hCzvJhpixnusAw0jQxaAbqajezO6bUib+pEyL0Q6oj8nUhZo3Q880xkw7OpJbwj/8xoJ+kfNVIRxghDyr0V+IilGdBgebQsFHGXfCMaVMH+lvMtMWmgizpsQnMmT/4qbvZJjl5yr/eLJwTiOebJJtsgOccghOSEXpEpqhJMHMiAv5NV6tJ6sN+v9qzVnjWc2yK+yPj4B1MurSg==</latexit><latexit sha1_base64="6ikcgCD6vcL+7KzSS/e4W3My+1s=">AAACL3icbZBNSwMxEIaz9bt+VT16CRbBi2VXRL0Igigeiq1grdAtJZvOtqHZD5JZsSz7j7z4V3oRUcSr/8K0FtHqQODleWeYzOvFUmi07WcrNzU9Mzs3v5BfXFpeWS2srd/oKFEcajySkbr1mAYpQqihQAm3sQIWeBLqXu906NfvQGkRhdfYj6EZsE4ofMEZGtQqnLttkMhaqYtwj+lZPcuOXV8xnrpadIJv47JcoUMzm+DlimG7TqtQtEv2qOhf4YxFkYyr2ioM3HbEkwBC5JJp3XDsGJspUyi4hCzvJhpixnusAw0jQxaAbqajezO6bUib+pEyL0Q6oj8nUhZo3Q880xkw7OpJbwj/8xoJ+kfNVIRxghDyr0V+IilGdBgebQsFHGXfCMaVMH+lvMtMWmgizpsQnMmT/4qbvZJjl5yr/eLJwTiOebJJtsgOccghOSEXpEpqhJMHMiAv5NV6tJ6sN+v9qzVnjWc2yK+yPj4B1MurSg==</latexit><latexit sha1_base64="6ikcgCD6vcL+7KzSS/e4W3My+1s=">AAACL3icbZBNSwMxEIaz9bt+VT16CRbBi2VXRL0Igigeiq1grdAtJZvOtqHZD5JZsSz7j7z4V3oRUcSr/8K0FtHqQODleWeYzOvFUmi07WcrNzU9Mzs3v5BfXFpeWS2srd/oKFEcajySkbr1mAYpQqihQAm3sQIWeBLqXu906NfvQGkRhdfYj6EZsE4ofMEZGtQqnLttkMhaqYtwj+lZPcuOXV8xnrpadIJv47JcoUMzm+DlimG7TqtQtEv2qOhf4YxFkYyr2ioM3HbEkwBC5JJp3XDsGJspUyi4hCzvJhpixnusAw0jQxaAbqajezO6bUib+pEyL0Q6oj8nUhZo3Q880xkw7OpJbwj/8xoJ+kfNVIRxghDyr0V+IilGdBgebQsFHGXfCMaVMH+lvMtMWmgizpsQnMmT/4qbvZJjl5yr/eLJwTiOebJJtsgOccghOSEXpEpqhJMHMiAv5NV6tJ6sN+v9qzVnjWc2yK+yPj4B1MurSg==</latexit>

�NLO QCD+EW = �LO · (1 + �QCD + �EW)
<latexit sha1_base64="fcBhAMXLWGjg+loN0jjWwuX5PZk="></latexit><latexit sha1_base64="fcBhAMXLWGjg+loN0jjWwuX5PZk="></latexit><latexit sha1_base64="fcBhAMXLWGjg+loN0jjWwuX5PZk="></latexit><latexit sha1_base64="fcBhAMXLWGjg+loN0jjWwuX5PZk="></latexit>

�NLO QCD⇥EW = �LO · (1 + �QCD) · (1 + �EW)
<latexit sha1_base64="L7qsGtXjej38GIsKEWcZRNqkbKw="></latexit><latexit sha1_base64="L7qsGtXjej38GIsKEWcZRNqkbKw="></latexit><latexit sha1_base64="L7qsGtXjej38GIsKEWcZRNqkbKw="></latexit><latexit sha1_base64="L7qsGtXjej38GIsKEWcZRNqkbKw="></latexit>

Preliminary
<latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit>

Preliminary
<latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit>
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Back-up: Some angular distributions 

Preliminary
<latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit><latexit sha1_base64="UbiByFpYOt/LXzV6fXjWroCkEpY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVlw47KCfUATymRy2w6dTMLMRAyhWzf+ihsXirj1D9z5N07aLLT1wsDhnHvunXuChDOlHefbqqysrq1vVDdrW9s7u3v2/kFHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPrQu/eg1QsFnc6S8CPyEiwIaNEG2pgYy8VIcjCnnsaHsyIvCXNuIgJIrPpdGDXnYYzK7wM3BLUUVmtgf3lhTFNIxCacqJU33US7edEakY5TGteqiAhdEJG0DdQkAiUn88umeITw4R4GEvzhMYz9rcjJ5FSWRSYzojosVrUCvI/rZ/q4ZWfM5GkGgSdLxqmHOsYF7HgkEmgmmcGECqZ+SumYyIJ1Sa8mgnBXTx5GXTOGq7TcG/P682LMo4qOkLH6BS56BI10Q1qoTai6BE9o1f0Zj1ZL9a79TFvrVil5xD9KevzB5Ojm3s=</latexit>

Preliminary
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