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▸ Precision Observables at 
the LHC:

PRECISION OBSERVABLES

[CMS,arXiv:1909.04133]
✴ Clean Final States 

✴ Large Invariant Mass 

✴ Sizable Cross Section w.r.t. 
3000 fb^-1 of data

Uncertainty on the Shape of the DY Rapidity Distribution

https://arxiv.org/pdf/1909.04133
https://arxiv.org/pdf/1909.04133
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▸ DY: Production of lepton pair at the LHC

EXAMPLES OF PRECISION OBSERVABLES - DY
q
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▸ Measurement of the W boson mass:

Clean and Abundant

[ATLAS, arXiv:1701.07240]

Theory!

▸ LHC will deliver the most precise single 
measurement of sin ✓W
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▸ Play a role in EFT Operators, VBS, unitarization, PDF determination, 
nature of the Z and W boson, strong coupling constant measurement, …

(ATLAS)

https://arxiv.org/abs/1701.07240
https://inspirehep.net/files/de6bdcea841dc9e434119338e1dc1cda


4EXAMPLES OF PRECISION OBSERVABLES - HIGGS

▸ LHC will determine the ratio                  to < 2.4 % with 3000 fb^-1.
�LHC

�SM
<latexit sha1_base64="LhuXrTZOq/vAsA50MHbxAEiEQDk=">AAACEHicbVBNS8NAEN34WetX1KOXYBE9lUQEPRZ76UGhov2AJpTNdtMu3U3C7kQsIT/Bi3/FiwdFvHr05r9x2wbR1gcDj/dmmJnnx5wpsO0vY2FxaXlltbBWXN/Y3No2d3abKkokoQ0S8Ui2fawoZyFtAANO27GkWPictvxhdey37qhULApvYRRTT+B+yAJGMGipax65gcQkdRXrC9xNXaD3kF7WqlmW/Yg3V1nWNUt22Z7AmidOTkooR71rfrq9iCSChkA4Vqrj2DF4KZbACKdZ0U0UjTEZ4j7taBpiQZWXTh7KrEOt9KwgkrpCsCbq74kUC6VGwtedAsNAzXpj8T+vk0Bw7qUsjBOgIZkuChJuQWSN07F6TFICfKQJJpLpWy0ywDoh0BkWdQjO7MvzpHlSduyyc31aqlzkcRTQPjpAx8hBZ6iCaqiOGoigB/SEXtCr8Wg8G2/G+7R1wchn9tAfGB/fmtGeMQ==</latexit><latexit sha1_base64="LhuXrTZOq/vAsA50MHbxAEiEQDk=">AAACEHicbVBNS8NAEN34WetX1KOXYBE9lUQEPRZ76UGhov2AJpTNdtMu3U3C7kQsIT/Bi3/FiwdFvHr05r9x2wbR1gcDj/dmmJnnx5wpsO0vY2FxaXlltbBWXN/Y3No2d3abKkokoQ0S8Ui2fawoZyFtAANO27GkWPictvxhdey37qhULApvYRRTT+B+yAJGMGipax65gcQkdRXrC9xNXaD3kF7WqlmW/Yg3V1nWNUt22Z7AmidOTkooR71rfrq9iCSChkA4Vqrj2DF4KZbACKdZ0U0UjTEZ4j7taBpiQZWXTh7KrEOt9KwgkrpCsCbq74kUC6VGwtedAsNAzXpj8T+vk0Bw7qUsjBOgIZkuChJuQWSN07F6TFICfKQJJpLpWy0ywDoh0BkWdQjO7MvzpHlSduyyc31aqlzkcRTQPjpAx8hBZ6iCaqiOGoigB/SEXtCr8Wg8G2/G+7R1wchn9tAfGB/fmtGeMQ==</latexit><latexit sha1_base64="LhuXrTZOq/vAsA50MHbxAEiEQDk=">AAACEHicbVBNS8NAEN34WetX1KOXYBE9lUQEPRZ76UGhov2AJpTNdtMu3U3C7kQsIT/Bi3/FiwdFvHr05r9x2wbR1gcDj/dmmJnnx5wpsO0vY2FxaXlltbBWXN/Y3No2d3abKkokoQ0S8Ui2fawoZyFtAANO27GkWPictvxhdey37qhULApvYRRTT+B+yAJGMGipax65gcQkdRXrC9xNXaD3kF7WqlmW/Yg3V1nWNUt22Z7AmidOTkooR71rfrq9iCSChkA4Vqrj2DF4KZbACKdZ0U0UjTEZ4j7taBpiQZWXTh7KrEOt9KwgkrpCsCbq74kUC6VGwtedAsNAzXpj8T+vk0Bw7qUsjBOgIZkuChJuQWSN07F6TFICfKQJJpLpWy0ywDoh0BkWdQjO7MvzpHlSduyyc31aqlzkcRTQPjpAx8hBZ6iCaqiOGoigB/SEXtCr8Wg8G2/G+7R1wchn9tAfGB/fmtGeMQ==</latexit><latexit sha1_base64="LhuXrTZOq/vAsA50MHbxAEiEQDk=">AAACEHicbVBNS8NAEN34WetX1KOXYBE9lUQEPRZ76UGhov2AJpTNdtMu3U3C7kQsIT/Bi3/FiwdFvHr05r9x2wbR1gcDj/dmmJnnx5wpsO0vY2FxaXlltbBWXN/Y3No2d3abKkokoQ0S8Ui2fawoZyFtAANO27GkWPictvxhdey37qhULApvYRRTT+B+yAJGMGipax65gcQkdRXrC9xNXaD3kF7WqlmW/Yg3V1nWNUt22Z7AmidOTkooR71rfrq9iCSChkA4Vqrj2DF4KZbACKdZ0U0UjTEZ4j7taBpiQZWXTh7KrEOt9KwgkrpCsCbq74kUC6VGwtedAsNAzXpj8T+vk0Bw7qUsjBOgIZkuChJuQWSN07F6TFICfKQJJpLpWy0ywDoh0BkWdQjO7MvzpHlSduyyc31aqlzkcRTQPjpAx8hBZ6iCaqiOGoigB/SEXtCr8Wg8G2/G+7R1wchn9tAfGB/fmtGeMQ==</latexit>

▸ Extract coupling strengths 
at a couple of %. 

▸ Transverse  
Momentum Distribution 

▸ Check the nature of the boson! 
(EFT, POs, STXS, …)

Cross Section to Produce a Higgs 
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▸ Perturbative partonic cross sections 

▸ QCD perturbation theory is dominant 

▸ Naively:

↵S = 0.118
<latexit sha1_base64="xdZeTD6hbGvAmIcO0DCyKxPAeb4=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgadkVwXgQgl48RnRNIFlD72Q2GTL7YGZWCUv+w4sHFa9+jDf/xsnjoIkFDUVVN91dQSq40o7zbRWWlldW14rrpY3Nre2d8u7evUoySZlHE5HIZoCKCR4zT3MtWDOVDKNAsEYwuBr7jUcmFU/iOz1MmR9hL+Yhp6iN9NBGkfaxc3vh2K5b7ZQrju1MQBaJOyMVmKHeKX+1uwnNIhZrKlCpluuk2s9Rak4FG5XamWIp0gH2WMvQGCOm/Hxy9YgcGaVLwkSaijWZqL8ncoyUGkaB6YxQ99W8Nxb/81qZDqt+zuM00yym00VhJohOyDgC0uWSUS2GhiCV3NxKaB8lUm2CKpkQ3PmXF4l3Yp/b7s1ppXY5S6MIB3AIx+DCGdTgGurgAQUJz/AKb9aT9WK9Wx/T1oI1m9mHP7A+fwAaspEj</latexit><latexit sha1_base64="xdZeTD6hbGvAmIcO0DCyKxPAeb4=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgadkVwXgQgl48RnRNIFlD72Q2GTL7YGZWCUv+w4sHFa9+jDf/xsnjoIkFDUVVN91dQSq40o7zbRWWlldW14rrpY3Nre2d8u7evUoySZlHE5HIZoCKCR4zT3MtWDOVDKNAsEYwuBr7jUcmFU/iOz1MmR9hL+Yhp6iN9NBGkfaxc3vh2K5b7ZQrju1MQBaJOyMVmKHeKX+1uwnNIhZrKlCpluuk2s9Rak4FG5XamWIp0gH2WMvQGCOm/Hxy9YgcGaVLwkSaijWZqL8ncoyUGkaB6YxQ99W8Nxb/81qZDqt+zuM00yym00VhJohOyDgC0uWSUS2GhiCV3NxKaB8lUm2CKpkQ3PmXF4l3Yp/b7s1ppXY5S6MIB3AIx+DCGdTgGurgAQUJz/AKb9aT9WK9Wx/T1oI1m9mHP7A+fwAaspEj</latexit><latexit sha1_base64="xdZeTD6hbGvAmIcO0DCyKxPAeb4=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgadkVwXgQgl48RnRNIFlD72Q2GTL7YGZWCUv+w4sHFa9+jDf/xsnjoIkFDUVVN91dQSq40o7zbRWWlldW14rrpY3Nre2d8u7evUoySZlHE5HIZoCKCR4zT3MtWDOVDKNAsEYwuBr7jUcmFU/iOz1MmR9hL+Yhp6iN9NBGkfaxc3vh2K5b7ZQrju1MQBaJOyMVmKHeKX+1uwnNIhZrKlCpluuk2s9Rak4FG5XamWIp0gH2WMvQGCOm/Hxy9YgcGaVLwkSaijWZqL8ncoyUGkaB6YxQ99W8Nxb/81qZDqt+zuM00yym00VhJohOyDgC0uWSUS2GhiCV3NxKaB8lUm2CKpkQ3PmXF4l3Yp/b7s1ppXY5S6MIB3AIx+DCGdTgGurgAQUJz/AKb9aT9WK9Wx/T1oI1m9mHP7A+fwAaspEj</latexit><latexit sha1_base64="xdZeTD6hbGvAmIcO0DCyKxPAeb4=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgadkVwXgQgl48RnRNIFlD72Q2GTL7YGZWCUv+w4sHFa9+jDf/xsnjoIkFDUVVN91dQSq40o7zbRWWlldW14rrpY3Nre2d8u7evUoySZlHE5HIZoCKCR4zT3MtWDOVDKNAsEYwuBr7jUcmFU/iOz1MmR9hL+Yhp6iN9NBGkfaxc3vh2K5b7ZQrju1MQBaJOyMVmKHeKX+1uwnNIhZrKlCpluuk2s9Rak4FG5XamWIp0gH2WMvQGCOm/Hxy9YgcGaVLwkSaijWZqL8ncoyUGkaB6YxQ99W8Nxb/81qZDqt+zuM00yym00VhJohOyDgC0uWSUS2GhiCV3NxKaB8lUm2CKpkQ3PmXF4l3Yp/b7s1ppXY5S6MIB3AIx+DCGdTgGurgAQUJz/AKb9aT9WK9Wx/T1oI1m9mHP7A+fwAaspEj</latexit>

LO NLO NNLO N3LO

10%
<latexit sha1_base64="1NWKd/wkOLfiAnewN71x+EEd7S4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LJaCp5KIoN6KXjxWMLbQhrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SDmaQYxHQoecQZNVbyPZf06v1qzW24c5BV4hWkBgVa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNSt8qARImyJQ2Zq78nchprPYlD2xlTM9LL3kz8z+tmJroKci7TzKBki0VRJohJyOxzMuAKmRETSyhT3N5K2IgqyozNp2JD8JZfXiX+eeO64d1f1Jo3RRplOIFTOAMPLqEJd9ACHxhweIZXeHOk8+K8Ox+L1pJTzBzDHzifP7rUjYI=</latexit><latexit sha1_base64="1NWKd/wkOLfiAnewN71x+EEd7S4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LJaCp5KIoN6KXjxWMLbQhrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SDmaQYxHQoecQZNVbyPZf06v1qzW24c5BV4hWkBgVa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNSt8qARImyJQ2Zq78nchprPYlD2xlTM9LL3kz8z+tmJroKci7TzKBki0VRJohJyOxzMuAKmRETSyhT3N5K2IgqyozNp2JD8JZfXiX+eeO64d1f1Jo3RRplOIFTOAMPLqEJd9ACHxhweIZXeHOk8+K8Ox+L1pJTzBzDHzifP7rUjYI=</latexit><latexit sha1_base64="1NWKd/wkOLfiAnewN71x+EEd7S4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LJaCp5KIoN6KXjxWMLbQhrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SDmaQYxHQoecQZNVbyPZf06v1qzW24c5BV4hWkBgVa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNSt8qARImyJQ2Zq78nchprPYlD2xlTM9LL3kz8z+tmJroKci7TzKBki0VRJohJyOxzMuAKmRETSyhT3N5K2IgqyozNp2JD8JZfXiX+eeO64d1f1Jo3RRplOIFTOAMPLqEJd9ACHxhweIZXeHOk8+K8Ox+L1pJTzBzDHzifP7rUjYI=</latexit><latexit sha1_base64="1NWKd/wkOLfiAnewN71x+EEd7S4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LJaCp5KIoN6KXjxWMLbQhrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SDmaQYxHQoecQZNVbyPZf06v1qzW24c5BV4hWkBgVa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNSt8qARImyJQ2Zq78nchprPYlD2xlTM9LL3kz8z+tmJroKci7TzKBki0VRJohJyOxzMuAKmRETSyhT3N5K2IgqyozNp2JD8JZfXiX+eeO64d1f1Jo3RRplOIFTOAMPLqEJd9ACHxhweIZXeHOk8+K8Ox+L1pJTzBzDHzifP7rUjYI=</latexit>

1%
<latexit sha1_base64="DM9hovAS3FUnVXiynUbpC2Z2e90=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIoN6KXjxWMLbQhrLZbtqlu5uwuxFK6F/w4kHFq7/Im//GTZqDtj4YeLw3w8y8MOFMG9f9dipr6xubW9Xt2s7u3v5B/fDoUcepItQnMY9VL8Saciapb5jhtJcoikXIaTec3uZ+94kqzWL5YGYJDQQeSxYxgk0ueWjQHNYbbsstgFaJV5IGlOgM61+DUUxSQaUhHGvd99zEBBlWhhFO57VBqmmCyRSPad9SiQXVQVbcOkdNq4xQFCtb0qBC/T2RYaH1TIS2U2Az0cteLv7n9VMTXQUZk0lqqCSLRVHKkYlR/jgaMUWJ4TNLMFHM3orIBCtMjI2nZkPwll9eJf5567rl3V802jdlGlU4gVM4Aw8uoQ130AEfCEzgGV7hzRHOi/PufCxaK045cwx/4Hz+AEyajUg=</latexit><latexit sha1_base64="DM9hovAS3FUnVXiynUbpC2Z2e90=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIoN6KXjxWMLbQhrLZbtqlu5uwuxFK6F/w4kHFq7/Im//GTZqDtj4YeLw3w8y8MOFMG9f9dipr6xubW9Xt2s7u3v5B/fDoUcepItQnMY9VL8Saciapb5jhtJcoikXIaTec3uZ+94kqzWL5YGYJDQQeSxYxgk0ueWjQHNYbbsstgFaJV5IGlOgM61+DUUxSQaUhHGvd99zEBBlWhhFO57VBqmmCyRSPad9SiQXVQVbcOkdNq4xQFCtb0qBC/T2RYaH1TIS2U2Az0cteLv7n9VMTXQUZk0lqqCSLRVHKkYlR/jgaMUWJ4TNLMFHM3orIBCtMjI2nZkPwll9eJf5567rl3V802jdlGlU4gVM4Aw8uoQ130AEfCEzgGV7hzRHOi/PufCxaK045cwx/4Hz+AEyajUg=</latexit><latexit sha1_base64="DM9hovAS3FUnVXiynUbpC2Z2e90=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIoN6KXjxWMLbQhrLZbtqlu5uwuxFK6F/w4kHFq7/Im//GTZqDtj4YeLw3w8y8MOFMG9f9dipr6xubW9Xt2s7u3v5B/fDoUcepItQnMY9VL8Saciapb5jhtJcoikXIaTec3uZ+94kqzWL5YGYJDQQeSxYxgk0ueWjQHNYbbsstgFaJV5IGlOgM61+DUUxSQaUhHGvd99zEBBlWhhFO57VBqmmCyRSPad9SiQXVQVbcOkdNq4xQFCtb0qBC/T2RYaH1TIS2U2Az0cteLv7n9VMTXQUZk0lqqCSLRVHKkYlR/jgaMUWJ4TNLMFHM3orIBCtMjI2nZkPwll9eJf5567rl3V802jdlGlU4gVM4Aw8uoQ130AEfCEzgGV7hzRHOi/PufCxaK045cwx/4Hz+AEyajUg=</latexit><latexit sha1_base64="DM9hovAS3FUnVXiynUbpC2Z2e90=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIoN6KXjxWMLbQhrLZbtqlu5uwuxFK6F/w4kHFq7/Im//GTZqDtj4YeLw3w8y8MOFMG9f9dipr6xubW9Xt2s7u3v5B/fDoUcepItQnMY9VL8Saciapb5jhtJcoikXIaTec3uZ+94kqzWL5YGYJDQQeSxYxgk0ueWjQHNYbbsstgFaJV5IGlOgM61+DUUxSQaUhHGvd99zEBBlWhhFO57VBqmmCyRSPad9SiQXVQVbcOkdNq4xQFCtb0qBC/T2RYaH1TIS2U2Az0cteLv7n9VMTXQUZk0lqqCSLRVHKkYlR/jgaMUWJ4TNLMFHM3orIBCtMjI2nZkPwll9eJf5567rl3V802jdlGlU4gVM4Aw8uoQ130AEfCEzgGV7hzRHOi/PufCxaK045cwx/4Hz+AEyajUg=</latexit>

0.1%
<latexit sha1_base64="urtOiNM13cLMTiY9Wz7TzDEBNmQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LJaCp5CIoN6KXjxWMG2hDWWz3bRrN7thdyOU0P/gxYOKV3+QN/+N2zYHbX0w8Hhvhpl5UcqZNp737ZTW1jc2t8rblZ3dvf2D6uFRS8tMERoQyaXqRFhTzgQNDDOcdlJFcRJx2o7GtzO//USVZlI8mElKwwQPBYsZwcZKLc/1Ua/er9Y815sDrRK/IDUo0OxXv3oDSbKECkM41rrre6kJc6wMI5xOK71M0xSTMR7SrqUCJ1SH+fzaKapbZYBiqWwJg+bq74kcJ1pPksh2JtiM9LI3E//zupmJr8KciTQzVJDFojjjyEg0ex0NmKLE8IklmChmb0VkhBUmxgZUsSH4yy+vkuDcvXb9+4ta46ZIowwncApn4MMlNOAOmhAAgUd4hld4c6Tz4rw7H4vWklPMHMMfOJ8/Jj+Nug==</latexit><latexit sha1_base64="urtOiNM13cLMTiY9Wz7TzDEBNmQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LJaCp5CIoN6KXjxWMG2hDWWz3bRrN7thdyOU0P/gxYOKV3+QN/+N2zYHbX0w8Hhvhpl5UcqZNp737ZTW1jc2t8rblZ3dvf2D6uFRS8tMERoQyaXqRFhTzgQNDDOcdlJFcRJx2o7GtzO//USVZlI8mElKwwQPBYsZwcZKLc/1Ua/er9Y815sDrRK/IDUo0OxXv3oDSbKECkM41rrre6kJc6wMI5xOK71M0xSTMR7SrqUCJ1SH+fzaKapbZYBiqWwJg+bq74kcJ1pPksh2JtiM9LI3E//zupmJr8KciTQzVJDFojjjyEg0ex0NmKLE8IklmChmb0VkhBUmxgZUsSH4yy+vkuDcvXb9+4ta46ZIowwncApn4MMlNOAOmhAAgUd4hld4c6Tz4rw7H4vWklPMHMMfOJ8/Jj+Nug==</latexit><latexit sha1_base64="urtOiNM13cLMTiY9Wz7TzDEBNmQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LJaCp5CIoN6KXjxWMG2hDWWz3bRrN7thdyOU0P/gxYOKV3+QN/+N2zYHbX0w8Hhvhpl5UcqZNp737ZTW1jc2t8rblZ3dvf2D6uFRS8tMERoQyaXqRFhTzgQNDDOcdlJFcRJx2o7GtzO//USVZlI8mElKwwQPBYsZwcZKLc/1Ua/er9Y815sDrRK/IDUo0OxXv3oDSbKECkM41rrre6kJc6wMI5xOK71M0xSTMR7SrqUCJ1SH+fzaKapbZYBiqWwJg+bq74kcJ1pPksh2JtiM9LI3E//zupmJr8KciTQzVJDFojjjyEg0ex0NmKLE8IklmChmb0VkhBUmxgZUsSH4yy+vkuDcvXb9+4ta46ZIowwncApn4MMlNOAOmhAAgUd4hld4c6Tz4rw7H4vWklPMHMMfOJ8/Jj+Nug==</latexit><latexit sha1_base64="urtOiNM13cLMTiY9Wz7TzDEBNmQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LJaCp5CIoN6KXjxWMG2hDWWz3bRrN7thdyOU0P/gxYOKV3+QN/+N2zYHbX0w8Hhvhpl5UcqZNp737ZTW1jc2t8rblZ3dvf2D6uFRS8tMERoQyaXqRFhTzgQNDDOcdlJFcRJx2o7GtzO//USVZlI8mElKwwQPBYsZwcZKLc/1Ua/er9Y815sDrRK/IDUo0OxXv3oDSbKECkM41rrre6kJc6wMI5xOK71M0xSTMR7SrqUCJ1SH+fzaKapbZYBiqWwJg+bq74kcJ1pPksh2JtiM9LI3E//zupmJr8KciTQzVJDFojjjyEg0ex0NmKLE8IklmChmb0VkhBUmxgZUsSH4yy+vkuDcvXb9+4ta46ZIowwncApn4MMlNOAOmhAAgUd4hld4c6Tz4rw7H4vWklPMHMMfOJ8/Jj+Nug==</latexit>

5THE WAY TO PRECISION LHC PREDICTIONS

�̂ = �̂(0) + ↵1
S �̂

(1) + ↵2
S �̂

(2) + ↵3
S �̂

(3) + . . .
<latexit sha1_base64="4FaGgvfjXlIrReVbnvBAXut7488="></latexit><latexit sha1_base64="4FaGgvfjXlIrReVbnvBAXut7488="></latexit><latexit sha1_base64="4FaGgvfjXlIrReVbnvBAXut7488="></latexit><latexit sha1_base64="4FaGgvfjXlIrReVbnvBAXut7488="></latexit>
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Slide inspired by G. Salam

Created by L. Cieri
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2015 2016
2017

2018

2019N3LO

Slide inspired by G. Salam / L. Cieri...

2020

2021

Higgs Threshold Exp.  
[Anastasiou, Duhr, Dulat, Herzog, BM, 15]

Higgs Jet Veto [Banfi, et al. 15]
Higgs VBF  [Dreyer,  Karlberg,16]

Higgs Diff. Threshold App. [Dulat, BM, A. Pelloni,17]

Higgs Diff. qT [Cieri,Chen, Gehrmann,  
Glover,Huss,18]

Higgs (Y approx.) [Dulat, BM,Pelloni,18]

HH (VBF) [Dreyer, Karlberg,18]

Higgs, [BM,18]

bb->H [Dulat, Duhr, BM,19]

ggF->HH [Chen,Li,Shoa,Wang]

Drell-Yan [Dulat, Duhr, BM,20]

bbH 4FS+5FS [Dulat, Duhr, Hirschi, BM,20]

CCDY [Dulat, Duhr, BM,20]
Fully differential Higgs -> 2Photons  [Chen, BM, et al. 21]

Fiducial Higgs and DY [Billis, Tackmann, et al., 21]

Fiducial DY [Camarda,Cieri,Ferrera, 21]DY-Rapidity [Chen,Gehrmann,Glover,et al.]

https://arxiv.org/pdf/1503.06056.pdf
https://arxiv.org/pdf/1610.07922.pdf
https://arxiv.org/pdf/1606.00840.pdf
https://arxiv.org/pdf/1710.03016.pdf
https://arxiv.org/pdf/1807.11501.pdf
https://arxiv.org/pdf/1810.09462
https://arxiv.org/pdf/1811.07906.pdf
https://arxiv.org/pdf/1802.00833.pdf
https://arxiv.org/pdf/1904.09990.pdf
https://arxiv.org/abs/1912.13001
https://arxiv.org/pdf/2001.07717
https://arxiv.org/pdf/2004.04752.pdf
https://arxiv.org/pdf/2007.13313.pdf
https://arxiv.org/pdf/2102.07607.pdf
https://arxiv.org/pdf/2102.08039.pdf
https://arxiv.org/pdf/2103.04974.pdf
https://arxiv.org/pdf/2107.09085.pdf
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▸ First example of LHC  
cross section at N3LO. 

▸ N3LO stabilizes  
the perturbative expansion. 

▸ Reduction of perturbative  
uncertainty:

9.5% ! 2.2%
<latexit sha1_base64="9FoOCPgfdoniFqh+/UpGr64gQJ8=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LJaCp5AURb0VvXisYD+gCWWz3bRLN5uwuymU0H/ixYMiXv0n3vw3btsctPXBwOO9GWbmhSlnSrvut1Xa2Nza3invVvb2Dw6P7OOTtkoySWiLJDyR3RArypmgLc00p91UUhyHnHbC8f3c70yoVCwRT3qa0iDGQ8EiRrA2Ut+2b50rv4Z8naC6U0d+rW9XXcddAK0TryBVKNDs21/+ICFZTIUmHCvV89xUBzmWmhFOZxU/UzTFZIyHtGeowDFVQb64fIZqRhmgKJGmhEYL9fdEjmOlpnFoOmOsR2rVm4v/eb1MRzdBzkSaaSrIclGUcWT+nMeABkxSovnUEEwkM7ciMsISE23CqpgQvNWX10m77niu4z1eVht3RRxlOINzuAAPrqEBD9CEFhCYwDO8wpuVWy/Wu/WxbC1Zxcwp/IH1+QO1y5Ea</latexit><latexit sha1_base64="9FoOCPgfdoniFqh+/UpGr64gQJ8=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LJaCp5AURb0VvXisYD+gCWWz3bRLN5uwuymU0H/ixYMiXv0n3vw3btsctPXBwOO9GWbmhSlnSrvut1Xa2Nza3invVvb2Dw6P7OOTtkoySWiLJDyR3RArypmgLc00p91UUhyHnHbC8f3c70yoVCwRT3qa0iDGQ8EiRrA2Ut+2b50rv4Z8naC6U0d+rW9XXcddAK0TryBVKNDs21/+ICFZTIUmHCvV89xUBzmWmhFOZxU/UzTFZIyHtGeowDFVQb64fIZqRhmgKJGmhEYL9fdEjmOlpnFoOmOsR2rVm4v/eb1MRzdBzkSaaSrIclGUcWT+nMeABkxSovnUEEwkM7ciMsISE23CqpgQvNWX10m77niu4z1eVht3RRxlOINzuAAPrqEBD9CEFhCYwDO8wpuVWy/Wu/WxbC1Zxcwp/IH1+QO1y5Ea</latexit><latexit sha1_base64="9FoOCPgfdoniFqh+/UpGr64gQJ8=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LJaCp5AURb0VvXisYD+gCWWz3bRLN5uwuymU0H/ixYMiXv0n3vw3btsctPXBwOO9GWbmhSlnSrvut1Xa2Nza3invVvb2Dw6P7OOTtkoySWiLJDyR3RArypmgLc00p91UUhyHnHbC8f3c70yoVCwRT3qa0iDGQ8EiRrA2Ut+2b50rv4Z8naC6U0d+rW9XXcddAK0TryBVKNDs21/+ICFZTIUmHCvV89xUBzmWmhFOZxU/UzTFZIyHtGeowDFVQb64fIZqRhmgKJGmhEYL9fdEjmOlpnFoOmOsR2rVm4v/eb1MRzdBzkSaaSrIclGUcWT+nMeABkxSovnUEEwkM7ciMsISE23CqpgQvNWX10m77niu4z1eVht3RRxlOINzuAAPrqEBD9CEFhCYwDO8wpuVWy/Wu/WxbC1Zxcwp/IH1+QO1y5Ea</latexit><latexit sha1_base64="9FoOCPgfdoniFqh+/UpGr64gQJ8=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LJaCp5AURb0VvXisYD+gCWWz3bRLN5uwuymU0H/ixYMiXv0n3vw3btsctPXBwOO9GWbmhSlnSrvut1Xa2Nza3invVvb2Dw6P7OOTtkoySWiLJDyR3RArypmgLc00p91UUhyHnHbC8f3c70yoVCwRT3qa0iDGQ8EiRrA2Ut+2b50rv4Z8naC6U0d+rW9XXcddAK0TryBVKNDs21/+ICFZTIUmHCvV89xUBzmWmhFOZxU/UzTFZIyHtGeowDFVQb64fIZqRhmgKJGmhEYL9fdEjmOlpnFoOmOsR2rVm4v/eb1MRzdBzkSaaSrIclGUcWT+nMeABkxSovnUEEwkM7ciMsISE23CqpgQvNWX10m77niu4z1eVht3RRxlOINzuAAPrqEBD9CEFhCYwDO8wpuVWy/Wu/WxbC1Zxcwp/IH1+QO1y5Ea</latexit>
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How many Higgs bosons are produced at the LHC?

µ =
�obs.

�SM
<latexit sha1_base64="ZHm8Eg+g2iiDmC7OLn2poFJqttA=">AAACHHicbZDLSsNAFIYn9VbrLerSTbAIrkqigm6Eohs3QkV7gSaEyXTSDp1JwsyJWEIexI2v4saFIm5cCL6N0zYLbf1h4Oc753Dm/EHCmQLb/jZKC4tLyyvl1cra+sbmlrm901JxKgltkpjHshNgRTmLaBMYcNpJJMUi4LQdDC/H9fY9lYrF0R2MEuoJ3I9YyAgGjXzz2BXpuRtKTDJXsb7AfuYCfYAsDlQtz/MZenutmW9W7Zo9kTVvnMJUUaGGb366vZikgkZAOFaq69gJeBmWwAinecVNFU0wGeI+7WobYUGVl02Oy60DTXpWGEv9IrAm9PdEhoVSIxHoToFhoGZrY/hfrZtCeOZlLEpSoBGZLgpTbkFsjZOyekxSAnykDSaS6b9aZIB1UqDzrOgQnNmT503rqObYNefmpFq/KOIooz20jw6Rg05RHV2hBmoigh7RM3pFb8aT8WK8Gx/T1pJRzOyiPzK+fgAQaKPY</latexit><latexit sha1_base64="ZHm8Eg+g2iiDmC7OLn2poFJqttA=">AAACHHicbZDLSsNAFIYn9VbrLerSTbAIrkqigm6Eohs3QkV7gSaEyXTSDp1JwsyJWEIexI2v4saFIm5cCL6N0zYLbf1h4Oc753Dm/EHCmQLb/jZKC4tLyyvl1cra+sbmlrm901JxKgltkpjHshNgRTmLaBMYcNpJJMUi4LQdDC/H9fY9lYrF0R2MEuoJ3I9YyAgGjXzz2BXpuRtKTDJXsb7AfuYCfYAsDlQtz/MZenutmW9W7Zo9kTVvnMJUUaGGb366vZikgkZAOFaq69gJeBmWwAinecVNFU0wGeI+7WobYUGVl02Oy60DTXpWGEv9IrAm9PdEhoVSIxHoToFhoGZrY/hfrZtCeOZlLEpSoBGZLgpTbkFsjZOyekxSAnykDSaS6b9aZIB1UqDzrOgQnNmT503rqObYNefmpFq/KOIooz20jw6Rg05RHV2hBmoigh7RM3pFb8aT8WK8Gx/T1pJRzOyiPzK+fgAQaKPY</latexit><latexit sha1_base64="ZHm8Eg+g2iiDmC7OLn2poFJqttA=">AAACHHicbZDLSsNAFIYn9VbrLerSTbAIrkqigm6Eohs3QkV7gSaEyXTSDp1JwsyJWEIexI2v4saFIm5cCL6N0zYLbf1h4Oc753Dm/EHCmQLb/jZKC4tLyyvl1cra+sbmlrm901JxKgltkpjHshNgRTmLaBMYcNpJJMUi4LQdDC/H9fY9lYrF0R2MEuoJ3I9YyAgGjXzz2BXpuRtKTDJXsb7AfuYCfYAsDlQtz/MZenutmW9W7Zo9kTVvnMJUUaGGb366vZikgkZAOFaq69gJeBmWwAinecVNFU0wGeI+7WobYUGVl02Oy60DTXpWGEv9IrAm9PdEhoVSIxHoToFhoGZrY/hfrZtCeOZlLEpSoBGZLgpTbkFsjZOyekxSAnykDSaS6b9aZIB1UqDzrOgQnNmT503rqObYNefmpFq/KOIooz20jw6Rg05RHV2hBmoigh7RM3pFb8aT8WK8Gx/T1pJRzOyiPzK+fgAQaKPY</latexit><latexit sha1_base64="ZHm8Eg+g2iiDmC7OLn2poFJqttA=">AAACHHicbZDLSsNAFIYn9VbrLerSTbAIrkqigm6Eohs3QkV7gSaEyXTSDp1JwsyJWEIexI2v4saFIm5cCL6N0zYLbf1h4Oc753Dm/EHCmQLb/jZKC4tLyyvl1cra+sbmlrm901JxKgltkpjHshNgRTmLaBMYcNpJJMUi4LQdDC/H9fY9lYrF0R2MEuoJ3I9YyAgGjXzz2BXpuRtKTDJXsb7AfuYCfYAsDlQtz/MZenutmW9W7Zo9kTVvnMJUUaGGb366vZikgkZAOFaq69gJeBmWwAinecVNFU0wGeI+7WobYUGVl02Oy60DTXpWGEv9IrAm9PdEhoVSIxHoToFhoGZrY/hfrZtCeOZlLEpSoBGZLgpTbkFsjZOyekxSAnykDSaS6b9aZIB1UqDzrOgQnNmT503rqObYNefmpFq/KOIooz20jw6Rg05RHV2hBmoigh7RM3pFb8aT8WK8Gx/T1pJRzOyiPzK+fgAQaKPY</latexit>

▸ Agreement of EXP and TH at ~ 7%!  

▸ TH Uncertainty ~ Exp Uncertainty

HIGGS PRODUCTION



10INCLUSIVE CROSS SECTIONS
General structure for the production of a colorless, off-shell particle:

P
<latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit>

P
<latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit>

�
<latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit>

d�̂

dQ2
<latexit sha1_base64="dv+9Otw18Ri2sxxOG/6+Mp2DjIA=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSlIEXRbduGzBPqCJZTKZtEMnD2ZuxBLyB278FTcuFHHr1p1/47QNoq0HLhzOuZd77/ESwRVY1pextLyyurZe2ihvbm3v7Jp7+20Vp5KyFo1FLLseUUzwiLWAg2DdRDISeoJ1vNHVxO/cMal4HN3AOGFuSAYRDzgloKW+eeIEktDMAXYPmZ87QwKO4oOQ5D9a87aW982KVbWmwIvELkgFFWj0zU/Hj2kasgioIEr1bCsBNyMSOBUsLzupYgmhIzJgPU0jEjLlZtN/cnysFR8HsdQVAZ6qvycyEio1Dj3dGRIYqnlvIv7n9VIILtyMR0kKLKKzRUEqMMR4Eg72uWQUxFgTQiXXt2I6JDog0BGWdQj2/MuLpF2r2lbVbp5V6pdFHCV0iI7QKbLROaqja9RALUTRA3pCL+jVeDSejTfjfda6ZBQzB+gPjI9vGTCd8A==</latexit><latexit sha1_base64="dv+9Otw18Ri2sxxOG/6+Mp2DjIA=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSlIEXRbduGzBPqCJZTKZtEMnD2ZuxBLyB278FTcuFHHr1p1/47QNoq0HLhzOuZd77/ESwRVY1pextLyyurZe2ihvbm3v7Jp7+20Vp5KyFo1FLLseUUzwiLWAg2DdRDISeoJ1vNHVxO/cMal4HN3AOGFuSAYRDzgloKW+eeIEktDMAXYPmZ87QwKO4oOQ5D9a87aW982KVbWmwIvELkgFFWj0zU/Hj2kasgioIEr1bCsBNyMSOBUsLzupYgmhIzJgPU0jEjLlZtN/cnysFR8HsdQVAZ6qvycyEio1Dj3dGRIYqnlvIv7n9VIILtyMR0kKLKKzRUEqMMR4Eg72uWQUxFgTQiXXt2I6JDog0BGWdQj2/MuLpF2r2lbVbp5V6pdFHCV0iI7QKbLROaqja9RALUTRA3pCL+jVeDSejTfjfda6ZBQzB+gPjI9vGTCd8A==</latexit><latexit sha1_base64="dv+9Otw18Ri2sxxOG/6+Mp2DjIA=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSlIEXRbduGzBPqCJZTKZtEMnD2ZuxBLyB278FTcuFHHr1p1/47QNoq0HLhzOuZd77/ESwRVY1pextLyyurZe2ihvbm3v7Jp7+20Vp5KyFo1FLLseUUzwiLWAg2DdRDISeoJ1vNHVxO/cMal4HN3AOGFuSAYRDzgloKW+eeIEktDMAXYPmZ87QwKO4oOQ5D9a87aW982KVbWmwIvELkgFFWj0zU/Hj2kasgioIEr1bCsBNyMSOBUsLzupYgmhIzJgPU0jEjLlZtN/cnysFR8HsdQVAZ6qvycyEio1Dj3dGRIYqnlvIv7n9VIILtyMR0kKLKKzRUEqMMR4Eg72uWQUxFgTQiXXt2I6JDog0BGWdQj2/MuLpF2r2lbVbp5V6pdFHCV0iI7QKbLROaqja9RALUTRA3pCL+jVeDSejTfjfda6ZBQzB+gPjI9vGTCd8A==</latexit><latexit sha1_base64="dv+9Otw18Ri2sxxOG/6+Mp2DjIA=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSlIEXRbduGzBPqCJZTKZtEMnD2ZuxBLyB278FTcuFHHr1p1/47QNoq0HLhzOuZd77/ESwRVY1pextLyyurZe2ihvbm3v7Jp7+20Vp5KyFo1FLLseUUzwiLWAg2DdRDISeoJ1vNHVxO/cMal4HN3AOGFuSAYRDzgloKW+eeIEktDMAXYPmZ87QwKO4oOQ5D9a87aW982KVbWmwIvELkgFFWj0zU/Hj2kasgioIEr1bCsBNyMSOBUsLzupYgmhIzJgPU0jEjLlZtN/cnysFR8HsdQVAZ6qvycyEio1Dj3dGRIYqnlvIv7n9VIILtyMR0kKLKKzRUEqMMR4Eg72uWQUxFgTQiXXt2I6JDog0BGWdQj2/MuLpF2r2lbVbp5V6pdFHCV0iI7QKbLROaqja9RALUTRA3pCL+jVeDSejTfjfda6ZBQzB+gPjI9vGTCd8A==</latexit>

i

Q2 �M2 + iM�
<latexit sha1_base64="t+Bs+MaWPrc+x30NgQsEojYVMMw=">AAACBXicbVDLSgMxFM3UV62vUZe6CBZBEMtMEXRZdKGbQgv2AZ1pyaSZNjTJDElGKEM3bvwVNy4Uces/uPNvTNtZaPXAhcM593LvPUHMqNKO82XllpZXVtfy64WNza3tHXt3r6miRGLSwBGLZDtAijAqSENTzUg7lgTxgJFWMLqe+q17IhWNxJ0ex8TnaCBoSDHSRurZh14oEU7pJK13y2fVbvmUwir0bhDnaNKzi07JmQH+JW5GiiBDrWd/ev0IJ5wIjRlSquM6sfZTJDXFjEwKXqJIjPAIDUjHUIE4UX46+2ICj43Sh2EkTQkNZ+rPiRRxpcY8MJ0c6aFa9Kbif14n0eGln1IRJ5oIPF8UJgzqCE4jgX0qCdZsbAjCkppbIR4iE4s2wRVMCO7iy39Js1xynZJbPy9WrrI48uAAHIET4IILUAG3oAYaAIMH8ARewKv1aD1bb9b7vDVnZTP74Besj2+oLpdf</latexit><latexit sha1_base64="t+Bs+MaWPrc+x30NgQsEojYVMMw=">AAACBXicbVDLSgMxFM3UV62vUZe6CBZBEMtMEXRZdKGbQgv2AZ1pyaSZNjTJDElGKEM3bvwVNy4Uces/uPNvTNtZaPXAhcM593LvPUHMqNKO82XllpZXVtfy64WNza3tHXt3r6miRGLSwBGLZDtAijAqSENTzUg7lgTxgJFWMLqe+q17IhWNxJ0ex8TnaCBoSDHSRurZh14oEU7pJK13y2fVbvmUwir0bhDnaNKzi07JmQH+JW5GiiBDrWd/ev0IJ5wIjRlSquM6sfZTJDXFjEwKXqJIjPAIDUjHUIE4UX46+2ICj43Sh2EkTQkNZ+rPiRRxpcY8MJ0c6aFa9Kbif14n0eGln1IRJ5oIPF8UJgzqCE4jgX0qCdZsbAjCkppbIR4iE4s2wRVMCO7iy39Js1xynZJbPy9WrrI48uAAHIET4IILUAG3oAYaAIMH8ARewKv1aD1bb9b7vDVnZTP74Besj2+oLpdf</latexit><latexit sha1_base64="t+Bs+MaWPrc+x30NgQsEojYVMMw=">AAACBXicbVDLSgMxFM3UV62vUZe6CBZBEMtMEXRZdKGbQgv2AZ1pyaSZNjTJDElGKEM3bvwVNy4Uces/uPNvTNtZaPXAhcM593LvPUHMqNKO82XllpZXVtfy64WNza3tHXt3r6miRGLSwBGLZDtAijAqSENTzUg7lgTxgJFWMLqe+q17IhWNxJ0ex8TnaCBoSDHSRurZh14oEU7pJK13y2fVbvmUwir0bhDnaNKzi07JmQH+JW5GiiBDrWd/ev0IJ5wIjRlSquM6sfZTJDXFjEwKXqJIjPAIDUjHUIE4UX46+2ICj43Sh2EkTQkNZ+rPiRRxpcY8MJ0c6aFa9Kbif14n0eGln1IRJ5oIPF8UJgzqCE4jgX0qCdZsbAjCkppbIR4iE4s2wRVMCO7iy39Js1xynZJbPy9WrrI48uAAHIET4IILUAG3oAYaAIMH8ARewKv1aD1bb9b7vDVnZTP74Besj2+oLpdf</latexit><latexit sha1_base64="t+Bs+MaWPrc+x30NgQsEojYVMMw=">AAACBXicbVDLSgMxFM3UV62vUZe6CBZBEMtMEXRZdKGbQgv2AZ1pyaSZNjTJDElGKEM3bvwVNy4Uces/uPNvTNtZaPXAhcM593LvPUHMqNKO82XllpZXVtfy64WNza3tHXt3r6miRGLSwBGLZDtAijAqSENTzUg7lgTxgJFWMLqe+q17IhWNxJ0ex8TnaCBoSDHSRurZh14oEU7pJK13y2fVbvmUwir0bhDnaNKzi07JmQH+JW5GiiBDrWd/ev0IJ5wIjRlSquM6sfZTJDXFjEwKXqJIjPAIDUjHUIE4UX46+2ICj43Sh2EkTQkNZ+rPiRRxpcY8MJ0c6aFa9Kbif14n0eGln1IRJ5oIPF8UJgzqCE4jgX0qCdZsbAjCkppbIR4iE4s2wRVMCO7iy39Js1xynZJbPy9WrrI48uAAHIET4IILUAG3oAYaAIMH8ARewKv1aD1bb9b7vDVnZTP74Besj2+oLpdf</latexit>

l
<latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit><latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit><latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit><latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit>

l̄
<latexit sha1_base64="T0tQ2FsqROI4BuD0aEK2qm1SA5k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVpyhpUCaXbERomuGQNy61g7VQzTCLBWtHodua3npg2XMkHO05ZmOBA8phTtE5qdiPURPTKFb/qz0FWSZCTCuSo98pf3b6iWcKkpQKN6QR+asMJasupYNNSNzMsRTrCAes4KjFhJpzMr52SM6f0Say0K2nJXP09McHEmHESuc4E7dAsezPxP6+T2fg6nHCZZpZJulgUZ4JYRWavkz7XjFoxdgSp5u5WQoeokVoXUMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEUHuEZXuHNU96L9+59LFoLXj5zDH/gff4AIoyO0w==</latexit><latexit sha1_base64="T0tQ2FsqROI4BuD0aEK2qm1SA5k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVpyhpUCaXbERomuGQNy61g7VQzTCLBWtHodua3npg2XMkHO05ZmOBA8phTtE5qdiPURPTKFb/qz0FWSZCTCuSo98pf3b6iWcKkpQKN6QR+asMJasupYNNSNzMsRTrCAes4KjFhJpzMr52SM6f0Say0K2nJXP09McHEmHESuc4E7dAsezPxP6+T2fg6nHCZZpZJulgUZ4JYRWavkz7XjFoxdgSp5u5WQoeokVoXUMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEUHuEZXuHNU96L9+59LFoLXj5zDH/gff4AIoyO0w==</latexit><latexit sha1_base64="T0tQ2FsqROI4BuD0aEK2qm1SA5k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVpyhpUCaXbERomuGQNy61g7VQzTCLBWtHodua3npg2XMkHO05ZmOBA8phTtE5qdiPURPTKFb/qz0FWSZCTCuSo98pf3b6iWcKkpQKN6QR+asMJasupYNNSNzMsRTrCAes4KjFhJpzMr52SM6f0Say0K2nJXP09McHEmHESuc4E7dAsezPxP6+T2fg6nHCZZpZJulgUZ4JYRWavkz7XjFoxdgSp5u5WQoeokVoXUMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEUHuEZXuHNU96L9+59LFoLXj5zDH/gff4AIoyO0w==</latexit><latexit sha1_base64="T0tQ2FsqROI4BuD0aEK2qm1SA5k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVpyhpUCaXbERomuGQNy61g7VQzTCLBWtHodua3npg2XMkHO05ZmOBA8phTtE5qdiPURPTKFb/qz0FWSZCTCuSo98pf3b6iWcKkpQKN6QR+asMJasupYNNSNzMsRTrCAes4KjFhJpzMr52SM6f0Say0K2nJXP09McHEmHESuc4E7dAsezPxP6+T2fg6nHCZZpZJulgUZ4JYRWavkz7XjFoxdgSp5u5WQoeokVoXUMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEUHuEZXuHNU96L9+59LFoLXj5zDH/gff4AIoyO0w==</latexit>

f
<latexit sha1_base64="O+5ABhsfpxFli/Ildf0h7al79NM=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAUrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNZHsrOz9Sl0cik0+sPAx/+fw5xzgkRwbVz33cktLa+sruXXCxubW9s7xd29ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGV5O8eYdK81jemFGCfkT7koecUWOtWtgtltyyOxX5C94cSpdfnxcfAFDtFt86vZilEUrDBNW67bmJ8TOqDGcCx4VOqjGhbEj72LYoaYTaz6aDjsmxdXokjJV90pCp+7Mjo5HWoyiwlRE1A72YTcz/snZqwnM/4zJJDUo2+yhMBTExmWxNelwhM2JkgTLF7ayEDaiizNjbFOwRvMWV/0LjtOy5Za/mlipHMFMeDuAQTsCDM6jANVShDgwQ7uERnpxb58F5dl5mpTln3rMPv+S8fgMk+pAI</latexit><latexit sha1_base64="dazDngeKeIsl07uH21pZXesrR80=">AAAB6HicbZC7SgNBFIbPxluMUaOWNoNRsAq7NmplwMYyAXORZAmzk7PJmNkLM7NCWPIENhaK2PpIdhY+gL6ETi6FJv4w8PH/5zDnHC8WXGnbfrcyS8srq2vZ9dxGfnNru7CzW1dRIhnWWCQi2fSoQsFDrGmuBTZjiTTwBDa8weU4b9yhVDwKr/UwRjegvZD7nFFtrKrfKRTtkj0RWQRnBsWL78/zr4+bfKVTeGt3I5YEGGomqFItx461m1KpORM4yrUThTFlA9rDlsGQBqjcdDLoiBwZp0v8SJoXajJxf3ekNFBqGHimMqC6r+azsflf1kq0f+amPIwTjSGbfuQnguiIjLcmXS6RaTE0QJnkZlbC+lRSps1tcuYIzvzKi1A/KTl2yanaxfIhTJWFfTiAY3DgFMpwBRWoAQOEe3iEJ+vWerCerZdpacaa9ezBH1mvP+F2kVQ=</latexit><latexit sha1_base64="dazDngeKeIsl07uH21pZXesrR80=">AAAB6HicbZC7SgNBFIbPxluMUaOWNoNRsAq7NmplwMYyAXORZAmzk7PJmNkLM7NCWPIENhaK2PpIdhY+gL6ETi6FJv4w8PH/5zDnHC8WXGnbfrcyS8srq2vZ9dxGfnNru7CzW1dRIhnWWCQi2fSoQsFDrGmuBTZjiTTwBDa8weU4b9yhVDwKr/UwRjegvZD7nFFtrKrfKRTtkj0RWQRnBsWL78/zr4+bfKVTeGt3I5YEGGomqFItx461m1KpORM4yrUThTFlA9rDlsGQBqjcdDLoiBwZp0v8SJoXajJxf3ekNFBqGHimMqC6r+azsflf1kq0f+amPIwTjSGbfuQnguiIjLcmXS6RaTE0QJnkZlbC+lRSps1tcuYIzvzKi1A/KTl2yanaxfIhTJWFfTiAY3DgFMpwBRWoAQOEe3iEJ+vWerCerZdpacaa9ezBH1mvP+F2kVQ=</latexit><latexit sha1_base64="lNh/Uz2/5r8XZ75PwyFkexxSELQ=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRjTxRFoveiTx4hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVa0aBac+vuAmSdeAWpQYHmoPrVHyYsi1EaJqjWPc9NTZBTZTgTOKv0M40pZRM6wp6lksaog3xx6IxcWmVIokTZkoYs1N8TOY21nsah7YypGetVby7+5/UyE90GOZdpZlCy5aIoE8QkZP41GXKFzIipJZQpbm8lbEwVZcZmU7EheKsvr5P2dd1z617LrTUuijjKcAbncAUe3EAD7qEJPjBAeIZXeHMenRfn3flYtpacYuYU/sD5/AHAq4zI</latexit>

f 0
<latexit sha1_base64="0e5EDelD9QwRMtdaL6qOhf1p9Gs=">AAAB73icbZC7SgNBFIbPeo3xFrW0GYyCVdi1USsDNpYRzAWSNcxOziZDZnbXmVkhLHkJGwtFbH0dOztbn0Inl0ITfxj4+P9zmHNOkAiujet+OAuLS8srq7m1/PrG5tZ2YWe3puNUMayyWMSqEVCNgkdYNdwIbCQKqQwE1oP+5Siv36PSPI5uzCBBX9JuxEPOqLFWI7xtJYpLbBeKbskdi8yDN4XixffX+ScAVNqF91YnZqnEyDBBtW56bmL8jCrDmcBhvpVqTCjr0y42LUZUovaz8bxDcmSdDgljZV9kyNj93ZFRqfVABrZSUtPTs9nI/C9rpiY88zMeJanBiE0+ClNBTExGy5MOV8iMGFigTHE7K2E9qigz9kR5ewRvduV5qJ2UPLfkXbvF8iFMlIN9OIBj8OAUynAFFagCAwEP8ATPzp3z6Lw4r5PSBWfaswd/5Lz9AICmkyU=</latexit><latexit sha1_base64="NNXAGImzUyeoML9uP2B1Rssqs1Y=">AAAB73icbZC7TgMxEEVnwyuEAAFKGouARBXt0gAVkWgog0QeKFkir+NNrNjexfYiRav8BA0FCNHyO3QUfAD8BDiPAhKuZOno3hl5ZoKYM21c993JLCwuLa9kV3Nr+fWNzcLWdk1HiSK0SiIeqUaANeVM0qphhtNGrCgWAaf1oH8+yut3VGkWySsziKkvcFeykBFsrNUIb1qxYoK2C0W35I6F5sGbQvHs+/P06+M6X2kX3lqdiCSCSkM41rrpubHxU6wMI5wOc61E0xiTPu7SpkWJBdV+Op53iA6s00FhpOyTBo3d3x0pFloPRGArBTY9PZuNzP+yZmLCEz9lMk4MlWTyUZhwZCI0Wh51mKLE8IEFTBSzsyLSwwoTY0+Us0fwZleeh9pRyXNL3qVbLO/DRFnYhT04BA+OoQwXUIEqEOBwD4/w5Nw6D86z8zIpzTjTnh34I+f1Bz0xlHE=</latexit><latexit sha1_base64="NNXAGImzUyeoML9uP2B1Rssqs1Y=">AAAB73icbZC7TgMxEEVnwyuEAAFKGouARBXt0gAVkWgog0QeKFkir+NNrNjexfYiRav8BA0FCNHyO3QUfAD8BDiPAhKuZOno3hl5ZoKYM21c993JLCwuLa9kV3Nr+fWNzcLWdk1HiSK0SiIeqUaANeVM0qphhtNGrCgWAaf1oH8+yut3VGkWySsziKkvcFeykBFsrNUIb1qxYoK2C0W35I6F5sGbQvHs+/P06+M6X2kX3lqdiCSCSkM41rrpubHxU6wMI5wOc61E0xiTPu7SpkWJBdV+Op53iA6s00FhpOyTBo3d3x0pFloPRGArBTY9PZuNzP+yZmLCEz9lMk4MlWTyUZhwZCI0Wh51mKLE8IEFTBSzsyLSwwoTY0+Us0fwZleeh9pRyXNL3qVbLO/DRFnYhT04BA+OoQwXUIEqEOBwD4/w5Nw6D86z8zIpzTjTnh34I+f1Bz0xlHE=</latexit><latexit sha1_base64="XmWxCS1sg4wbKB3bPdgzhBtDQ4g=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFqNgFe5stAzYWEYwH5CcYW8zlyzZ3Tt394QQ8idsLBSx9e/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vr7C2vrG5Vdwu7ezu7R+UD4+aJsk0wwZLRKLbETUouMKG5VZgO9VIZSSwFY1uZn7rCbXhibq34xRDSQeKx5xR66R2/NBNNZfYK1f8qj8HWSVBTiqQo94rf3X7CcskKssENaYT+KkNJ1RbzgROS93MYErZiA6w46iiEk04md87JedO6ZM40a6UJXP198SESmPGMnKdktqhWfZm4n9eJ7PxdTjhKs0sKrZYFGeC2ITMnid9rpFZMXaEMs3drYQNqabMuohKLoRg+eVV0rysBn41uPMrtbM8jiKcwClcQABXUINbqEMDGAh4hld48x69F+/d+1i0Frx85hj+wPv8ARxmj+U=</latexit>

▸ Structure of production cross section for color neutral final states 
similar for a large range of processes: 

▸ Components of their calculations are re-usebale: IBP relations, 
Master integrals, large pieces of computer code.

�⇤
<latexit sha1_base64="IbtetI0G3rtSPbzb4QxBGI+7ZVs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDP1W09MaR5H92acMF/iIOIhp2is1O4OUEp8OOuVK27VnYEsEy8nFchR75W/uv2YppJFhgrUuuO5ifEzVIZTwSalbqpZgnSEA9axNELJtJ/N7p2QE6v0SRgrW5EhM/X3RIZS67EMbKdEM9SL3lT8z+ukJrzyMx4lqWERnS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5j86L8+58zFsLTj5zCH/gfP4ApBSPsQ==</latexit><latexit sha1_base64="IbtetI0G3rtSPbzb4QxBGI+7ZVs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDP1W09MaR5H92acMF/iIOIhp2is1O4OUEp8OOuVK27VnYEsEy8nFchR75W/uv2YppJFhgrUuuO5ifEzVIZTwSalbqpZgnSEA9axNELJtJ/N7p2QE6v0SRgrW5EhM/X3RIZS67EMbKdEM9SL3lT8z+ukJrzyMx4lqWERnS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5j86L8+58zFsLTj5zCH/gfP4ApBSPsQ==</latexit><latexit sha1_base64="IbtetI0G3rtSPbzb4QxBGI+7ZVs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDP1W09MaR5H92acMF/iIOIhp2is1O4OUEp8OOuVK27VnYEsEy8nFchR75W/uv2YppJFhgrUuuO5ifEzVIZTwSalbqpZgnSEA9axNELJtJ/N7p2QE6v0SRgrW5EhM/X3RIZS67EMbKdEM9SL3lT8z+ukJrzyMx4lqWERnS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5j86L8+58zFsLTj5zCH/gfP4ApBSPsQ==</latexit><latexit sha1_base64="IbtetI0G3rtSPbzb4QxBGI+7ZVs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDP1W09MaR5H92acMF/iIOIhp2is1O4OUEp8OOuVK27VnYEsEy8nFchR75W/uv2YppJFhgrUuuO5ifEzVIZTwSalbqpZgnSEA9axNELJtJ/N7p2QE6v0SRgrW5EhM/X3RIZS67EMbKdEM9SL3lT8z+ukJrzyMx4lqWERnS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5j86L8+58zFsLTj5zCH/gfP4ApBSPsQ==</latexit>

W
<latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit><latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit><latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit><latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit>

Z
<latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit>

H
<latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit> H

⇤
<latexit sha1_base64="oieQYW6igwCjxDHBvGYPKf3XzHI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeilx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLHSfe3xvFcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7dUJOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdoQvMWXl0nzouK5Fe/usly9yeMowDGcwBl4cAVVqEEdGsBgAM/wCm+OcF6cd+dj3rri5DNH8AfO5w+2YI1o</latexit><latexit sha1_base64="oieQYW6igwCjxDHBvGYPKf3XzHI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeilx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLHSfe3xvFcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7dUJOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdoQvMWXl0nzouK5Fe/usly9yeMowDGcwBl4cAVVqEEdGsBgAM/wCm+OcF6cd+dj3rri5DNH8AfO5w+2YI1o</latexit><latexit sha1_base64="oieQYW6igwCjxDHBvGYPKf3XzHI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeilx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLHSfe3xvFcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7dUJOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdoQvMWXl0nzouK5Fe/usly9yeMowDGcwBl4cAVVqEEdGsBgAM/wCm+OcF6cd+dj3rri5DNH8AfO5w+2YI1o</latexit><latexit sha1_base64="oieQYW6igwCjxDHBvGYPKf3XzHI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeilx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLHSfe3xvFcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7dUJOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdoQvMWXl0nzouK5Fe/usly9yeMowDGcwBl4cAVVqEEdGsBgAM/wCm+OcF6cd+dj3rri5DNH8AfO5w+2YI1o</latexit>

bbH
<latexit sha1_base64="erf23+HTXihzt3QM1nVZ+REnV84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKD0HQGJQrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtpXVc+tevfXlfptHkcRzuAcLsGDGtShAU1oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHxGXjaQ=</latexit><latexit sha1_base64="erf23+HTXihzt3QM1nVZ+REnV84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKD0HQGJQrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtpXVc+tevfXlfptHkcRzuAcLsGDGtShAU1oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHxGXjaQ=</latexit><latexit sha1_base64="erf23+HTXihzt3QM1nVZ+REnV84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKD0HQGJQrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtpXVc+tevfXlfptHkcRzuAcLsGDGtShAU1oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHxGXjaQ=</latexit><latexit sha1_base64="erf23+HTXihzt3QM1nVZ+REnV84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKD0HQGJQrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtpXVc+tevfXlfptHkcRzuAcLsGDGtShAU1oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHxGXjaQ=</latexit>

G
<latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit>

ZH
<latexit sha1_base64="Lvm5G6KeJzG8vU7h7txZ9UzAE+E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS49V7Ae2oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2il+8d6v1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqoem7Vu7us1G7yOIpwAqdwDh5cQQ3q0IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A0sujTA=</latexit><latexit sha1_base64="Lvm5G6KeJzG8vU7h7txZ9UzAE+E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS49V7Ae2oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2il+8d6v1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqoem7Vu7us1G7yOIpwAqdwDh5cQQ3q0IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A0sujTA=</latexit><latexit sha1_base64="Lvm5G6KeJzG8vU7h7txZ9UzAE+E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS49V7Ae2oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2il+8d6v1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqoem7Vu7us1G7yOIpwAqdwDh5cQQ3q0IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A0sujTA=</latexit><latexit sha1_base64="Lvm5G6KeJzG8vU7h7txZ9UzAE+E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS49V7Ae2oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2il+8d6v1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqoem7Vu7us1G7yOIpwAqdwDh5cQQ3q0IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A0sujTA=</latexit>

WH
<latexit sha1_base64="fVqkjLjEodpBqSOxzSM2e6kpD9U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpodMYlCtu1V2ArBMvJxXI0RyUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYs1TSCLWfLS6dkQurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCGz/jMkkNSrZcFKaCmJjM3yZDrpAZMbWEMsXtrYSNqaLM2HBKNgRv9eV10r6qem7Vu7+u1G/zOIpwBudwCR7UoA4NaEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8AUafjS0=</latexit><latexit sha1_base64="fVqkjLjEodpBqSOxzSM2e6kpD9U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpodMYlCtu1V2ArBMvJxXI0RyUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYs1TSCLWfLS6dkQurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCGz/jMkkNSrZcFKaCmJjM3yZDrpAZMbWEMsXtrYSNqaLM2HBKNgRv9eV10r6qem7Vu7+u1G/zOIpwBudwCR7UoA4NaEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8AUafjS0=</latexit><latexit sha1_base64="fVqkjLjEodpBqSOxzSM2e6kpD9U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpodMYlCtu1V2ArBMvJxXI0RyUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYs1TSCLWfLS6dkQurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCGz/jMkkNSrZcFKaCmJjM3yZDrpAZMbWEMsXtrYSNqaLM2HBKNgRv9eV10r6qem7Vu7+u1G/zOIpwBudwCR7UoA4NaEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8AUafjS0=</latexit><latexit sha1_base64="fVqkjLjEodpBqSOxzSM2e6kpD9U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpodMYlCtu1V2ArBMvJxXI0RyUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYs1TSCLWfLS6dkQurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCGz/jMkkNSrZcFKaCmJjM3yZDrpAZMbWEMsXtrYSNqaLM2HBKNgRv9eV10r6qem7Vu7+u1G/zOIpwBudwCR7UoA4NaEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8AUafjS0=</latexit>



11INCLUSIVE CROSS SECTIONS

P
<latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit>

P
<latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit>

�
<latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit>

d�̂

dQ2
<latexit sha1_base64="dv+9Otw18Ri2sxxOG/6+Mp2DjIA=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSlIEXRbduGzBPqCJZTKZtEMnD2ZuxBLyB278FTcuFHHr1p1/47QNoq0HLhzOuZd77/ESwRVY1pextLyyurZe2ihvbm3v7Jp7+20Vp5KyFo1FLLseUUzwiLWAg2DdRDISeoJ1vNHVxO/cMal4HN3AOGFuSAYRDzgloKW+eeIEktDMAXYPmZ87QwKO4oOQ5D9a87aW982KVbWmwIvELkgFFWj0zU/Hj2kasgioIEr1bCsBNyMSOBUsLzupYgmhIzJgPU0jEjLlZtN/cnysFR8HsdQVAZ6qvycyEio1Dj3dGRIYqnlvIv7n9VIILtyMR0kKLKKzRUEqMMR4Eg72uWQUxFgTQiXXt2I6JDog0BGWdQj2/MuLpF2r2lbVbp5V6pdFHCV0iI7QKbLROaqja9RALUTRA3pCL+jVeDSejTfjfda6ZBQzB+gPjI9vGTCd8A==</latexit><latexit sha1_base64="dv+9Otw18Ri2sxxOG/6+Mp2DjIA=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSlIEXRbduGzBPqCJZTKZtEMnD2ZuxBLyB278FTcuFHHr1p1/47QNoq0HLhzOuZd77/ESwRVY1pextLyyurZe2ihvbm3v7Jp7+20Vp5KyFo1FLLseUUzwiLWAg2DdRDISeoJ1vNHVxO/cMal4HN3AOGFuSAYRDzgloKW+eeIEktDMAXYPmZ87QwKO4oOQ5D9a87aW982KVbWmwIvELkgFFWj0zU/Hj2kasgioIEr1bCsBNyMSOBUsLzupYgmhIzJgPU0jEjLlZtN/cnysFR8HsdQVAZ6qvycyEio1Dj3dGRIYqnlvIv7n9VIILtyMR0kKLKKzRUEqMMR4Eg72uWQUxFgTQiXXt2I6JDog0BGWdQj2/MuLpF2r2lbVbp5V6pdFHCV0iI7QKbLROaqja9RALUTRA3pCL+jVeDSejTfjfda6ZBQzB+gPjI9vGTCd8A==</latexit><latexit sha1_base64="dv+9Otw18Ri2sxxOG/6+Mp2DjIA=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSlIEXRbduGzBPqCJZTKZtEMnD2ZuxBLyB278FTcuFHHr1p1/47QNoq0HLhzOuZd77/ESwRVY1pextLyyurZe2ihvbm3v7Jp7+20Vp5KyFo1FLLseUUzwiLWAg2DdRDISeoJ1vNHVxO/cMal4HN3AOGFuSAYRDzgloKW+eeIEktDMAXYPmZ87QwKO4oOQ5D9a87aW982KVbWmwIvELkgFFWj0zU/Hj2kasgioIEr1bCsBNyMSOBUsLzupYgmhIzJgPU0jEjLlZtN/cnysFR8HsdQVAZ6qvycyEio1Dj3dGRIYqnlvIv7n9VIILtyMR0kKLKKzRUEqMMR4Eg72uWQUxFgTQiXXt2I6JDog0BGWdQj2/MuLpF2r2lbVbp5V6pdFHCV0iI7QKbLROaqja9RALUTRA3pCL+jVeDSejTfjfda6ZBQzB+gPjI9vGTCd8A==</latexit><latexit sha1_base64="dv+9Otw18Ri2sxxOG/6+Mp2DjIA=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSlIEXRbduGzBPqCJZTKZtEMnD2ZuxBLyB278FTcuFHHr1p1/47QNoq0HLhzOuZd77/ESwRVY1pextLyyurZe2ihvbm3v7Jp7+20Vp5KyFo1FLLseUUzwiLWAg2DdRDISeoJ1vNHVxO/cMal4HN3AOGFuSAYRDzgloKW+eeIEktDMAXYPmZ87QwKO4oOQ5D9a87aW982KVbWmwIvELkgFFWj0zU/Hj2kasgioIEr1bCsBNyMSOBUsLzupYgmhIzJgPU0jEjLlZtN/cnysFR8HsdQVAZ6qvycyEio1Dj3dGRIYqnlvIv7n9VIILtyMR0kKLKKzRUEqMMR4Eg72uWQUxFgTQiXXt2I6JDog0BGWdQj2/MuLpF2r2lbVbp5V6pdFHCV0iI7QKbLROaqja9RALUTRA3pCL+jVeDSejTfjfda6ZBQzB+gPjI9vGTCd8A==</latexit>

i

Q2 �M2 + iM�
<latexit sha1_base64="t+Bs+MaWPrc+x30NgQsEojYVMMw=">AAACBXicbVDLSgMxFM3UV62vUZe6CBZBEMtMEXRZdKGbQgv2AZ1pyaSZNjTJDElGKEM3bvwVNy4Uces/uPNvTNtZaPXAhcM593LvPUHMqNKO82XllpZXVtfy64WNza3tHXt3r6miRGLSwBGLZDtAijAqSENTzUg7lgTxgJFWMLqe+q17IhWNxJ0ex8TnaCBoSDHSRurZh14oEU7pJK13y2fVbvmUwir0bhDnaNKzi07JmQH+JW5GiiBDrWd/ev0IJ5wIjRlSquM6sfZTJDXFjEwKXqJIjPAIDUjHUIE4UX46+2ICj43Sh2EkTQkNZ+rPiRRxpcY8MJ0c6aFa9Kbif14n0eGln1IRJ5oIPF8UJgzqCE4jgX0qCdZsbAjCkppbIR4iE4s2wRVMCO7iy39Js1xynZJbPy9WrrI48uAAHIET4IILUAG3oAYaAIMH8ARewKv1aD1bb9b7vDVnZTP74Besj2+oLpdf</latexit><latexit sha1_base64="t+Bs+MaWPrc+x30NgQsEojYVMMw=">AAACBXicbVDLSgMxFM3UV62vUZe6CBZBEMtMEXRZdKGbQgv2AZ1pyaSZNjTJDElGKEM3bvwVNy4Uces/uPNvTNtZaPXAhcM593LvPUHMqNKO82XllpZXVtfy64WNza3tHXt3r6miRGLSwBGLZDtAijAqSENTzUg7lgTxgJFWMLqe+q17IhWNxJ0ex8TnaCBoSDHSRurZh14oEU7pJK13y2fVbvmUwir0bhDnaNKzi07JmQH+JW5GiiBDrWd/ev0IJ5wIjRlSquM6sfZTJDXFjEwKXqJIjPAIDUjHUIE4UX46+2ICj43Sh2EkTQkNZ+rPiRRxpcY8MJ0c6aFa9Kbif14n0eGln1IRJ5oIPF8UJgzqCE4jgX0qCdZsbAjCkppbIR4iE4s2wRVMCO7iy39Js1xynZJbPy9WrrI48uAAHIET4IILUAG3oAYaAIMH8ARewKv1aD1bb9b7vDVnZTP74Besj2+oLpdf</latexit><latexit sha1_base64="t+Bs+MaWPrc+x30NgQsEojYVMMw=">AAACBXicbVDLSgMxFM3UV62vUZe6CBZBEMtMEXRZdKGbQgv2AZ1pyaSZNjTJDElGKEM3bvwVNy4Uces/uPNvTNtZaPXAhcM593LvPUHMqNKO82XllpZXVtfy64WNza3tHXt3r6miRGLSwBGLZDtAijAqSENTzUg7lgTxgJFWMLqe+q17IhWNxJ0ex8TnaCBoSDHSRurZh14oEU7pJK13y2fVbvmUwir0bhDnaNKzi07JmQH+JW5GiiBDrWd/ev0IJ5wIjRlSquM6sfZTJDXFjEwKXqJIjPAIDUjHUIE4UX46+2ICj43Sh2EkTQkNZ+rPiRRxpcY8MJ0c6aFa9Kbif14n0eGln1IRJ5oIPF8UJgzqCE4jgX0qCdZsbAjCkppbIR4iE4s2wRVMCO7iy39Js1xynZJbPy9WrrI48uAAHIET4IILUAG3oAYaAIMH8ARewKv1aD1bb9b7vDVnZTP74Besj2+oLpdf</latexit><latexit sha1_base64="t+Bs+MaWPrc+x30NgQsEojYVMMw=">AAACBXicbVDLSgMxFM3UV62vUZe6CBZBEMtMEXRZdKGbQgv2AZ1pyaSZNjTJDElGKEM3bvwVNy4Uces/uPNvTNtZaPXAhcM593LvPUHMqNKO82XllpZXVtfy64WNza3tHXt3r6miRGLSwBGLZDtAijAqSENTzUg7lgTxgJFWMLqe+q17IhWNxJ0ex8TnaCBoSDHSRurZh14oEU7pJK13y2fVbvmUwir0bhDnaNKzi07JmQH+JW5GiiBDrWd/ev0IJ5wIjRlSquM6sfZTJDXFjEwKXqJIjPAIDUjHUIE4UX46+2ICj43Sh2EkTQkNZ+rPiRRxpcY8MJ0c6aFa9Kbif14n0eGln1IRJ5oIPF8UJgzqCE4jgX0qCdZsbAjCkppbIR4iE4s2wRVMCO7iy39Js1xynZJbPy9WrrI48uAAHIET4IILUAG3oAYaAIMH8ARewKv1aD1bb9b7vDVnZTP74Besj2+oLpdf</latexit>

l
<latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit><latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit><latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit><latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit>

l̄
<latexit sha1_base64="T0tQ2FsqROI4BuD0aEK2qm1SA5k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVpyhpUCaXbERomuGQNy61g7VQzTCLBWtHodua3npg2XMkHO05ZmOBA8phTtE5qdiPURPTKFb/qz0FWSZCTCuSo98pf3b6iWcKkpQKN6QR+asMJasupYNNSNzMsRTrCAes4KjFhJpzMr52SM6f0Say0K2nJXP09McHEmHESuc4E7dAsezPxP6+T2fg6nHCZZpZJulgUZ4JYRWavkz7XjFoxdgSp5u5WQoeokVoXUMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEUHuEZXuHNU96L9+59LFoLXj5zDH/gff4AIoyO0w==</latexit><latexit sha1_base64="T0tQ2FsqROI4BuD0aEK2qm1SA5k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVpyhpUCaXbERomuGQNy61g7VQzTCLBWtHodua3npg2XMkHO05ZmOBA8phTtE5qdiPURPTKFb/qz0FWSZCTCuSo98pf3b6iWcKkpQKN6QR+asMJasupYNNSNzMsRTrCAes4KjFhJpzMr52SM6f0Say0K2nJXP09McHEmHESuc4E7dAsezPxP6+T2fg6nHCZZpZJulgUZ4JYRWavkz7XjFoxdgSp5u5WQoeokVoXUMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEUHuEZXuHNU96L9+59LFoLXj5zDH/gff4AIoyO0w==</latexit><latexit sha1_base64="T0tQ2FsqROI4BuD0aEK2qm1SA5k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVpyhpUCaXbERomuGQNy61g7VQzTCLBWtHodua3npg2XMkHO05ZmOBA8phTtE5qdiPURPTKFb/qz0FWSZCTCuSo98pf3b6iWcKkpQKN6QR+asMJasupYNNSNzMsRTrCAes4KjFhJpzMr52SM6f0Say0K2nJXP09McHEmHESuc4E7dAsezPxP6+T2fg6nHCZZpZJulgUZ4JYRWavkz7XjFoxdgSp5u5WQoeokVoXUMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEUHuEZXuHNU96L9+59LFoLXj5zDH/gff4AIoyO0w==</latexit><latexit sha1_base64="T0tQ2FsqROI4BuD0aEK2qm1SA5k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVpyhpUCaXbERomuGQNy61g7VQzTCLBWtHodua3npg2XMkHO05ZmOBA8phTtE5qdiPURPTKFb/qz0FWSZCTCuSo98pf3b6iWcKkpQKN6QR+asMJasupYNNSNzMsRTrCAes4KjFhJpzMr52SM6f0Say0K2nJXP09McHEmHESuc4E7dAsezPxP6+T2fg6nHCZZpZJulgUZ4JYRWavkz7XjFoxdgSp5u5WQoeokVoXUMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEUHuEZXuHNU96L9+59LFoLXj5zDH/gff4AIoyO0w==</latexit>

f
<latexit sha1_base64="O+5ABhsfpxFli/Ildf0h7al79NM=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAUrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNZHsrOz9Sl0cik0+sPAx/+fw5xzgkRwbVz33cktLa+sruXXCxubW9s7xd29ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGV5O8eYdK81jemFGCfkT7koecUWOtWtgtltyyOxX5C94cSpdfnxcfAFDtFt86vZilEUrDBNW67bmJ8TOqDGcCx4VOqjGhbEj72LYoaYTaz6aDjsmxdXokjJV90pCp+7Mjo5HWoyiwlRE1A72YTcz/snZqwnM/4zJJDUo2+yhMBTExmWxNelwhM2JkgTLF7ayEDaiizNjbFOwRvMWV/0LjtOy5Za/mlipHMFMeDuAQTsCDM6jANVShDgwQ7uERnpxb58F5dl5mpTln3rMPv+S8fgMk+pAI</latexit><latexit sha1_base64="dazDngeKeIsl07uH21pZXesrR80=">AAAB6HicbZC7SgNBFIbPxluMUaOWNoNRsAq7NmplwMYyAXORZAmzk7PJmNkLM7NCWPIENhaK2PpIdhY+gL6ETi6FJv4w8PH/5zDnHC8WXGnbfrcyS8srq2vZ9dxGfnNru7CzW1dRIhnWWCQi2fSoQsFDrGmuBTZjiTTwBDa8weU4b9yhVDwKr/UwRjegvZD7nFFtrKrfKRTtkj0RWQRnBsWL78/zr4+bfKVTeGt3I5YEGGomqFItx461m1KpORM4yrUThTFlA9rDlsGQBqjcdDLoiBwZp0v8SJoXajJxf3ekNFBqGHimMqC6r+azsflf1kq0f+amPIwTjSGbfuQnguiIjLcmXS6RaTE0QJnkZlbC+lRSps1tcuYIzvzKi1A/KTl2yanaxfIhTJWFfTiAY3DgFMpwBRWoAQOEe3iEJ+vWerCerZdpacaa9ezBH1mvP+F2kVQ=</latexit><latexit sha1_base64="dazDngeKeIsl07uH21pZXesrR80=">AAAB6HicbZC7SgNBFIbPxluMUaOWNoNRsAq7NmplwMYyAXORZAmzk7PJmNkLM7NCWPIENhaK2PpIdhY+gL6ETi6FJv4w8PH/5zDnHC8WXGnbfrcyS8srq2vZ9dxGfnNru7CzW1dRIhnWWCQi2fSoQsFDrGmuBTZjiTTwBDa8weU4b9yhVDwKr/UwRjegvZD7nFFtrKrfKRTtkj0RWQRnBsWL78/zr4+bfKVTeGt3I5YEGGomqFItx461m1KpORM4yrUThTFlA9rDlsGQBqjcdDLoiBwZp0v8SJoXajJxf3ekNFBqGHimMqC6r+azsflf1kq0f+amPIwTjSGbfuQnguiIjLcmXS6RaTE0QJnkZlbC+lRSps1tcuYIzvzKi1A/KTl2yanaxfIhTJWFfTiAY3DgFMpwBRWoAQOEe3iEJ+vWerCerZdpacaa9ezBH1mvP+F2kVQ=</latexit><latexit sha1_base64="lNh/Uz2/5r8XZ75PwyFkexxSELQ=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRjTxRFoveiTx4hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVa0aBac+vuAmSdeAWpQYHmoPrVHyYsi1EaJqjWPc9NTZBTZTgTOKv0M40pZRM6wp6lksaog3xx6IxcWmVIokTZkoYs1N8TOY21nsah7YypGetVby7+5/UyE90GOZdpZlCy5aIoE8QkZP41GXKFzIipJZQpbm8lbEwVZcZmU7EheKsvr5P2dd1z617LrTUuijjKcAbncAUe3EAD7qEJPjBAeIZXeHMenRfn3flYtpacYuYU/sD5/AHAq4zI</latexit>

f 0
<latexit sha1_base64="0e5EDelD9QwRMtdaL6qOhf1p9Gs=">AAAB73icbZC7SgNBFIbPeo3xFrW0GYyCVdi1USsDNpYRzAWSNcxOziZDZnbXmVkhLHkJGwtFbH0dOztbn0Inl0ITfxj4+P9zmHNOkAiujet+OAuLS8srq7m1/PrG5tZ2YWe3puNUMayyWMSqEVCNgkdYNdwIbCQKqQwE1oP+5Siv36PSPI5uzCBBX9JuxEPOqLFWI7xtJYpLbBeKbskdi8yDN4XixffX+ScAVNqF91YnZqnEyDBBtW56bmL8jCrDmcBhvpVqTCjr0y42LUZUovaz8bxDcmSdDgljZV9kyNj93ZFRqfVABrZSUtPTs9nI/C9rpiY88zMeJanBiE0+ClNBTExGy5MOV8iMGFigTHE7K2E9qigz9kR5ewRvduV5qJ2UPLfkXbvF8iFMlIN9OIBj8OAUynAFFagCAwEP8ATPzp3z6Lw4r5PSBWfaswd/5Lz9AICmkyU=</latexit><latexit sha1_base64="NNXAGImzUyeoML9uP2B1Rssqs1Y=">AAAB73icbZC7TgMxEEVnwyuEAAFKGouARBXt0gAVkWgog0QeKFkir+NNrNjexfYiRav8BA0FCNHyO3QUfAD8BDiPAhKuZOno3hl5ZoKYM21c993JLCwuLa9kV3Nr+fWNzcLWdk1HiSK0SiIeqUaANeVM0qphhtNGrCgWAaf1oH8+yut3VGkWySsziKkvcFeykBFsrNUIb1qxYoK2C0W35I6F5sGbQvHs+/P06+M6X2kX3lqdiCSCSkM41rrpubHxU6wMI5wOc61E0xiTPu7SpkWJBdV+Op53iA6s00FhpOyTBo3d3x0pFloPRGArBTY9PZuNzP+yZmLCEz9lMk4MlWTyUZhwZCI0Wh51mKLE8IEFTBSzsyLSwwoTY0+Us0fwZleeh9pRyXNL3qVbLO/DRFnYhT04BA+OoQwXUIEqEOBwD4/w5Nw6D86z8zIpzTjTnh34I+f1Bz0xlHE=</latexit><latexit sha1_base64="NNXAGImzUyeoML9uP2B1Rssqs1Y=">AAAB73icbZC7TgMxEEVnwyuEAAFKGouARBXt0gAVkWgog0QeKFkir+NNrNjexfYiRav8BA0FCNHyO3QUfAD8BDiPAhKuZOno3hl5ZoKYM21c993JLCwuLa9kV3Nr+fWNzcLWdk1HiSK0SiIeqUaANeVM0qphhtNGrCgWAaf1oH8+yut3VGkWySsziKkvcFeykBFsrNUIb1qxYoK2C0W35I6F5sGbQvHs+/P06+M6X2kX3lqdiCSCSkM41rrpubHxU6wMI5wOc61E0xiTPu7SpkWJBdV+Op53iA6s00FhpOyTBo3d3x0pFloPRGArBTY9PZuNzP+yZmLCEz9lMk4MlWTyUZhwZCI0Wh51mKLE8IEFTBSzsyLSwwoTY0+Us0fwZleeh9pRyXNL3qVbLO/DRFnYhT04BA+OoQwXUIEqEOBwD4/w5Nw6D86z8zIpzTjTnh34I+f1Bz0xlHE=</latexit><latexit sha1_base64="XmWxCS1sg4wbKB3bPdgzhBtDQ4g=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFqNgFe5stAzYWEYwH5CcYW8zlyzZ3Tt394QQ8idsLBSx9e/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vr7C2vrG5Vdwu7ezu7R+UD4+aJsk0wwZLRKLbETUouMKG5VZgO9VIZSSwFY1uZn7rCbXhibq34xRDSQeKx5xR66R2/NBNNZfYK1f8qj8HWSVBTiqQo94rf3X7CcskKssENaYT+KkNJ1RbzgROS93MYErZiA6w46iiEk04md87JedO6ZM40a6UJXP198SESmPGMnKdktqhWfZm4n9eJ7PxdTjhKs0sKrZYFGeC2ITMnid9rpFZMXaEMs3drYQNqabMuohKLoRg+eVV0rysBn41uPMrtbM8jiKcwClcQABXUINbqEMDGAh4hld48x69F+/d+1i0Frx85hj+wPv8ARxmj+U=</latexit>

▸ Width is narrow 

▸ Factorization of production and decay. 

▸ Breit-Wigner distribution to approximate propagation of off-shell 
gauge boson.

General structure for the production of a colorless, off-shell particle:



12INCLUSIVE CROSS SECTIONS

P
<latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit>

P
<latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit>

�
<latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit>

d�̂

dQ2
<latexit sha1_base64="dv+9Otw18Ri2sxxOG/6+Mp2DjIA=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSlIEXRbduGzBPqCJZTKZtEMnD2ZuxBLyB278FTcuFHHr1p1/47QNoq0HLhzOuZd77/ESwRVY1pextLyyurZe2ihvbm3v7Jp7+20Vp5KyFo1FLLseUUzwiLWAg2DdRDISeoJ1vNHVxO/cMal4HN3AOGFuSAYRDzgloKW+eeIEktDMAXYPmZ87QwKO4oOQ5D9a87aW982KVbWmwIvELkgFFWj0zU/Hj2kasgioIEr1bCsBNyMSOBUsLzupYgmhIzJgPU0jEjLlZtN/cnysFR8HsdQVAZ6qvycyEio1Dj3dGRIYqnlvIv7n9VIILtyMR0kKLKKzRUEqMMR4Eg72uWQUxFgTQiXXt2I6JDog0BGWdQj2/MuLpF2r2lbVbp5V6pdFHCV0iI7QKbLROaqja9RALUTRA3pCL+jVeDSejTfjfda6ZBQzB+gPjI9vGTCd8A==</latexit><latexit sha1_base64="dv+9Otw18Ri2sxxOG/6+Mp2DjIA=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSlIEXRbduGzBPqCJZTKZtEMnD2ZuxBLyB278FTcuFHHr1p1/47QNoq0HLhzOuZd77/ESwRVY1pextLyyurZe2ihvbm3v7Jp7+20Vp5KyFo1FLLseUUzwiLWAg2DdRDISeoJ1vNHVxO/cMal4HN3AOGFuSAYRDzgloKW+eeIEktDMAXYPmZ87QwKO4oOQ5D9a87aW982KVbWmwIvELkgFFWj0zU/Hj2kasgioIEr1bCsBNyMSOBUsLzupYgmhIzJgPU0jEjLlZtN/cnysFR8HsdQVAZ6qvycyEio1Dj3dGRIYqnlvIv7n9VIILtyMR0kKLKKzRUEqMMR4Eg72uWQUxFgTQiXXt2I6JDog0BGWdQj2/MuLpF2r2lbVbp5V6pdFHCV0iI7QKbLROaqja9RALUTRA3pCL+jVeDSejTfjfda6ZBQzB+gPjI9vGTCd8A==</latexit><latexit sha1_base64="dv+9Otw18Ri2sxxOG/6+Mp2DjIA=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSlIEXRbduGzBPqCJZTKZtEMnD2ZuxBLyB278FTcuFHHr1p1/47QNoq0HLhzOuZd77/ESwRVY1pextLyyurZe2ihvbm3v7Jp7+20Vp5KyFo1FLLseUUzwiLWAg2DdRDISeoJ1vNHVxO/cMal4HN3AOGFuSAYRDzgloKW+eeIEktDMAXYPmZ87QwKO4oOQ5D9a87aW982KVbWmwIvELkgFFWj0zU/Hj2kasgioIEr1bCsBNyMSOBUsLzupYgmhIzJgPU0jEjLlZtN/cnysFR8HsdQVAZ6qvycyEio1Dj3dGRIYqnlvIv7n9VIILtyMR0kKLKKzRUEqMMR4Eg72uWQUxFgTQiXXt2I6JDog0BGWdQj2/MuLpF2r2lbVbp5V6pdFHCV0iI7QKbLROaqja9RALUTRA3pCL+jVeDSejTfjfda6ZBQzB+gPjI9vGTCd8A==</latexit><latexit sha1_base64="dv+9Otw18Ri2sxxOG/6+Mp2DjIA=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSlIEXRbduGzBPqCJZTKZtEMnD2ZuxBLyB278FTcuFHHr1p1/47QNoq0HLhzOuZd77/ESwRVY1pextLyyurZe2ihvbm3v7Jp7+20Vp5KyFo1FLLseUUzwiLWAg2DdRDISeoJ1vNHVxO/cMal4HN3AOGFuSAYRDzgloKW+eeIEktDMAXYPmZ87QwKO4oOQ5D9a87aW982KVbWmwIvELkgFFWj0zU/Hj2kasgioIEr1bCsBNyMSOBUsLzupYgmhIzJgPU0jEjLlZtN/cnysFR8HsdQVAZ6qvycyEio1Dj3dGRIYqnlvIv7n9VIILtyMR0kKLKKzRUEqMMR4Eg72uWQUxFgTQiXXt2I6JDog0BGWdQj2/MuLpF2r2lbVbp5V6pdFHCV0iI7QKbLROaqja9RALUTRA3pCL+jVeDSejTfjfda6ZBQzB+gPjI9vGTCd8A==</latexit>

i

Q2 �M2 + iM�
<latexit sha1_base64="t+Bs+MaWPrc+x30NgQsEojYVMMw=">AAACBXicbVDLSgMxFM3UV62vUZe6CBZBEMtMEXRZdKGbQgv2AZ1pyaSZNjTJDElGKEM3bvwVNy4Uces/uPNvTNtZaPXAhcM593LvPUHMqNKO82XllpZXVtfy64WNza3tHXt3r6miRGLSwBGLZDtAijAqSENTzUg7lgTxgJFWMLqe+q17IhWNxJ0ex8TnaCBoSDHSRurZh14oEU7pJK13y2fVbvmUwir0bhDnaNKzi07JmQH+JW5GiiBDrWd/ev0IJ5wIjRlSquM6sfZTJDXFjEwKXqJIjPAIDUjHUIE4UX46+2ICj43Sh2EkTQkNZ+rPiRRxpcY8MJ0c6aFa9Kbif14n0eGln1IRJ5oIPF8UJgzqCE4jgX0qCdZsbAjCkppbIR4iE4s2wRVMCO7iy39Js1xynZJbPy9WrrI48uAAHIET4IILUAG3oAYaAIMH8ARewKv1aD1bb9b7vDVnZTP74Besj2+oLpdf</latexit><latexit sha1_base64="t+Bs+MaWPrc+x30NgQsEojYVMMw=">AAACBXicbVDLSgMxFM3UV62vUZe6CBZBEMtMEXRZdKGbQgv2AZ1pyaSZNjTJDElGKEM3bvwVNy4Uces/uPNvTNtZaPXAhcM593LvPUHMqNKO82XllpZXVtfy64WNza3tHXt3r6miRGLSwBGLZDtAijAqSENTzUg7lgTxgJFWMLqe+q17IhWNxJ0ex8TnaCBoSDHSRurZh14oEU7pJK13y2fVbvmUwir0bhDnaNKzi07JmQH+JW5GiiBDrWd/ev0IJ5wIjRlSquM6sfZTJDXFjEwKXqJIjPAIDUjHUIE4UX46+2ICj43Sh2EkTQkNZ+rPiRRxpcY8MJ0c6aFa9Kbif14n0eGln1IRJ5oIPF8UJgzqCE4jgX0qCdZsbAjCkppbIR4iE4s2wRVMCO7iy39Js1xynZJbPy9WrrI48uAAHIET4IILUAG3oAYaAIMH8ARewKv1aD1bb9b7vDVnZTP74Besj2+oLpdf</latexit><latexit sha1_base64="t+Bs+MaWPrc+x30NgQsEojYVMMw=">AAACBXicbVDLSgMxFM3UV62vUZe6CBZBEMtMEXRZdKGbQgv2AZ1pyaSZNjTJDElGKEM3bvwVNy4Uces/uPNvTNtZaPXAhcM593LvPUHMqNKO82XllpZXVtfy64WNza3tHXt3r6miRGLSwBGLZDtAijAqSENTzUg7lgTxgJFWMLqe+q17IhWNxJ0ex8TnaCBoSDHSRurZh14oEU7pJK13y2fVbvmUwir0bhDnaNKzi07JmQH+JW5GiiBDrWd/ev0IJ5wIjRlSquM6sfZTJDXFjEwKXqJIjPAIDUjHUIE4UX46+2ICj43Sh2EkTQkNZ+rPiRRxpcY8MJ0c6aFa9Kbif14n0eGln1IRJ5oIPF8UJgzqCE4jgX0qCdZsbAjCkppbIR4iE4s2wRVMCO7iy39Js1xynZJbPy9WrrI48uAAHIET4IILUAG3oAYaAIMH8ARewKv1aD1bb9b7vDVnZTP74Besj2+oLpdf</latexit><latexit sha1_base64="t+Bs+MaWPrc+x30NgQsEojYVMMw=">AAACBXicbVDLSgMxFM3UV62vUZe6CBZBEMtMEXRZdKGbQgv2AZ1pyaSZNjTJDElGKEM3bvwVNy4Uces/uPNvTNtZaPXAhcM593LvPUHMqNKO82XllpZXVtfy64WNza3tHXt3r6miRGLSwBGLZDtAijAqSENTzUg7lgTxgJFWMLqe+q17IhWNxJ0ex8TnaCBoSDHSRurZh14oEU7pJK13y2fVbvmUwir0bhDnaNKzi07JmQH+JW5GiiBDrWd/ev0IJ5wIjRlSquM6sfZTJDXFjEwKXqJIjPAIDUjHUIE4UX46+2ICj43Sh2EkTQkNZ+rPiRRxpcY8MJ0c6aFa9Kbif14n0eGln1IRJ5oIPF8UJgzqCE4jgX0qCdZsbAjCkppbIR4iE4s2wRVMCO7iy39Js1xynZJbPy9WrrI48uAAHIET4IILUAG3oAYaAIMH8ARewKv1aD1bb9b7vDVnZTP74Besj2+oLpdf</latexit>

l
<latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit><latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit><latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit><latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit>

l̄
<latexit sha1_base64="T0tQ2FsqROI4BuD0aEK2qm1SA5k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVpyhpUCaXbERomuGQNy61g7VQzTCLBWtHodua3npg2XMkHO05ZmOBA8phTtE5qdiPURPTKFb/qz0FWSZCTCuSo98pf3b6iWcKkpQKN6QR+asMJasupYNNSNzMsRTrCAes4KjFhJpzMr52SM6f0Say0K2nJXP09McHEmHESuc4E7dAsezPxP6+T2fg6nHCZZpZJulgUZ4JYRWavkz7XjFoxdgSp5u5WQoeokVoXUMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEUHuEZXuHNU96L9+59LFoLXj5zDH/gff4AIoyO0w==</latexit><latexit sha1_base64="T0tQ2FsqROI4BuD0aEK2qm1SA5k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVpyhpUCaXbERomuGQNy61g7VQzTCLBWtHodua3npg2XMkHO05ZmOBA8phTtE5qdiPURPTKFb/qz0FWSZCTCuSo98pf3b6iWcKkpQKN6QR+asMJasupYNNSNzMsRTrCAes4KjFhJpzMr52SM6f0Say0K2nJXP09McHEmHESuc4E7dAsezPxP6+T2fg6nHCZZpZJulgUZ4JYRWavkz7XjFoxdgSp5u5WQoeokVoXUMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEUHuEZXuHNU96L9+59LFoLXj5zDH/gff4AIoyO0w==</latexit><latexit sha1_base64="T0tQ2FsqROI4BuD0aEK2qm1SA5k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVpyhpUCaXbERomuGQNy61g7VQzTCLBWtHodua3npg2XMkHO05ZmOBA8phTtE5qdiPURPTKFb/qz0FWSZCTCuSo98pf3b6iWcKkpQKN6QR+asMJasupYNNSNzMsRTrCAes4KjFhJpzMr52SM6f0Say0K2nJXP09McHEmHESuc4E7dAsezPxP6+T2fg6nHCZZpZJulgUZ4JYRWavkz7XjFoxdgSp5u5WQoeokVoXUMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEUHuEZXuHNU96L9+59LFoLXj5zDH/gff4AIoyO0w==</latexit><latexit sha1_base64="T0tQ2FsqROI4BuD0aEK2qm1SA5k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVpyhpUCaXbERomuGQNy61g7VQzTCLBWtHodua3npg2XMkHO05ZmOBA8phTtE5qdiPURPTKFb/qz0FWSZCTCuSo98pf3b6iWcKkpQKN6QR+asMJasupYNNSNzMsRTrCAes4KjFhJpzMr52SM6f0Say0K2nJXP09McHEmHESuc4E7dAsezPxP6+T2fg6nHCZZpZJulgUZ4JYRWavkz7XjFoxdgSp5u5WQoeokVoXUMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEUHuEZXuHNU96L9+59LFoLXj5zDH/gff4AIoyO0w==</latexit>

f
<latexit sha1_base64="O+5ABhsfpxFli/Ildf0h7al79NM=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAUrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNZHsrOz9Sl0cik0+sPAx/+fw5xzgkRwbVz33cktLa+sruXXCxubW9s7xd29ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGV5O8eYdK81jemFGCfkT7koecUWOtWtgtltyyOxX5C94cSpdfnxcfAFDtFt86vZilEUrDBNW67bmJ8TOqDGcCx4VOqjGhbEj72LYoaYTaz6aDjsmxdXokjJV90pCp+7Mjo5HWoyiwlRE1A72YTcz/snZqwnM/4zJJDUo2+yhMBTExmWxNelwhM2JkgTLF7ayEDaiizNjbFOwRvMWV/0LjtOy5Za/mlipHMFMeDuAQTsCDM6jANVShDgwQ7uERnpxb58F5dl5mpTln3rMPv+S8fgMk+pAI</latexit><latexit sha1_base64="dazDngeKeIsl07uH21pZXesrR80=">AAAB6HicbZC7SgNBFIbPxluMUaOWNoNRsAq7NmplwMYyAXORZAmzk7PJmNkLM7NCWPIENhaK2PpIdhY+gL6ETi6FJv4w8PH/5zDnHC8WXGnbfrcyS8srq2vZ9dxGfnNru7CzW1dRIhnWWCQi2fSoQsFDrGmuBTZjiTTwBDa8weU4b9yhVDwKr/UwRjegvZD7nFFtrKrfKRTtkj0RWQRnBsWL78/zr4+bfKVTeGt3I5YEGGomqFItx461m1KpORM4yrUThTFlA9rDlsGQBqjcdDLoiBwZp0v8SJoXajJxf3ekNFBqGHimMqC6r+azsflf1kq0f+amPIwTjSGbfuQnguiIjLcmXS6RaTE0QJnkZlbC+lRSps1tcuYIzvzKi1A/KTl2yanaxfIhTJWFfTiAY3DgFMpwBRWoAQOEe3iEJ+vWerCerZdpacaa9ezBH1mvP+F2kVQ=</latexit><latexit sha1_base64="dazDngeKeIsl07uH21pZXesrR80=">AAAB6HicbZC7SgNBFIbPxluMUaOWNoNRsAq7NmplwMYyAXORZAmzk7PJmNkLM7NCWPIENhaK2PpIdhY+gL6ETi6FJv4w8PH/5zDnHC8WXGnbfrcyS8srq2vZ9dxGfnNru7CzW1dRIhnWWCQi2fSoQsFDrGmuBTZjiTTwBDa8weU4b9yhVDwKr/UwRjegvZD7nFFtrKrfKRTtkj0RWQRnBsWL78/zr4+bfKVTeGt3I5YEGGomqFItx461m1KpORM4yrUThTFlA9rDlsGQBqjcdDLoiBwZp0v8SJoXajJxf3ekNFBqGHimMqC6r+azsflf1kq0f+amPIwTjSGbfuQnguiIjLcmXS6RaTE0QJnkZlbC+lRSps1tcuYIzvzKi1A/KTl2yanaxfIhTJWFfTiAY3DgFMpwBRWoAQOEe3iEJ+vWerCerZdpacaa9ezBH1mvP+F2kVQ=</latexit><latexit sha1_base64="lNh/Uz2/5r8XZ75PwyFkexxSELQ=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRjTxRFoveiTx4hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVa0aBac+vuAmSdeAWpQYHmoPrVHyYsi1EaJqjWPc9NTZBTZTgTOKv0M40pZRM6wp6lksaog3xx6IxcWmVIokTZkoYs1N8TOY21nsah7YypGetVby7+5/UyE90GOZdpZlCy5aIoE8QkZP41GXKFzIipJZQpbm8lbEwVZcZmU7EheKsvr5P2dd1z617LrTUuijjKcAbncAUe3EAD7qEJPjBAeIZXeHMenRfn3flYtpacYuYU/sD5/AHAq4zI</latexit>

f 0
<latexit sha1_base64="0e5EDelD9QwRMtdaL6qOhf1p9Gs=">AAAB73icbZC7SgNBFIbPeo3xFrW0GYyCVdi1USsDNpYRzAWSNcxOziZDZnbXmVkhLHkJGwtFbH0dOztbn0Inl0ITfxj4+P9zmHNOkAiujet+OAuLS8srq7m1/PrG5tZ2YWe3puNUMayyWMSqEVCNgkdYNdwIbCQKqQwE1oP+5Siv36PSPI5uzCBBX9JuxEPOqLFWI7xtJYpLbBeKbskdi8yDN4XixffX+ScAVNqF91YnZqnEyDBBtW56bmL8jCrDmcBhvpVqTCjr0y42LUZUovaz8bxDcmSdDgljZV9kyNj93ZFRqfVABrZSUtPTs9nI/C9rpiY88zMeJanBiE0+ClNBTExGy5MOV8iMGFigTHE7K2E9qigz9kR5ewRvduV5qJ2UPLfkXbvF8iFMlIN9OIBj8OAUynAFFagCAwEP8ATPzp3z6Lw4r5PSBWfaswd/5Lz9AICmkyU=</latexit><latexit sha1_base64="NNXAGImzUyeoML9uP2B1Rssqs1Y=">AAAB73icbZC7TgMxEEVnwyuEAAFKGouARBXt0gAVkWgog0QeKFkir+NNrNjexfYiRav8BA0FCNHyO3QUfAD8BDiPAhKuZOno3hl5ZoKYM21c993JLCwuLa9kV3Nr+fWNzcLWdk1HiSK0SiIeqUaANeVM0qphhtNGrCgWAaf1oH8+yut3VGkWySsziKkvcFeykBFsrNUIb1qxYoK2C0W35I6F5sGbQvHs+/P06+M6X2kX3lqdiCSCSkM41rrpubHxU6wMI5wOc61E0xiTPu7SpkWJBdV+Op53iA6s00FhpOyTBo3d3x0pFloPRGArBTY9PZuNzP+yZmLCEz9lMk4MlWTyUZhwZCI0Wh51mKLE8IEFTBSzsyLSwwoTY0+Us0fwZleeh9pRyXNL3qVbLO/DRFnYhT04BA+OoQwXUIEqEOBwD4/w5Nw6D86z8zIpzTjTnh34I+f1Bz0xlHE=</latexit><latexit sha1_base64="NNXAGImzUyeoML9uP2B1Rssqs1Y=">AAAB73icbZC7TgMxEEVnwyuEAAFKGouARBXt0gAVkWgog0QeKFkir+NNrNjexfYiRav8BA0FCNHyO3QUfAD8BDiPAhKuZOno3hl5ZoKYM21c993JLCwuLa9kV3Nr+fWNzcLWdk1HiSK0SiIeqUaANeVM0qphhtNGrCgWAaf1oH8+yut3VGkWySsziKkvcFeykBFsrNUIb1qxYoK2C0W35I6F5sGbQvHs+/P06+M6X2kX3lqdiCSCSkM41rrpubHxU6wMI5wOc61E0xiTPu7SpkWJBdV+Op53iA6s00FhpOyTBo3d3x0pFloPRGArBTY9PZuNzP+yZmLCEz9lMk4MlWTyUZhwZCI0Wh51mKLE8IEFTBSzsyLSwwoTY0+Us0fwZleeh9pRyXNL3qVbLO/DRFnYhT04BA+OoQwXUIEqEOBwD4/w5Nw6D86z8zIpzTjTnh34I+f1Bz0xlHE=</latexit><latexit sha1_base64="XmWxCS1sg4wbKB3bPdgzhBtDQ4g=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFqNgFe5stAzYWEYwH5CcYW8zlyzZ3Tt394QQ8idsLBSx9e/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vr7C2vrG5Vdwu7ezu7R+UD4+aJsk0wwZLRKLbETUouMKG5VZgO9VIZSSwFY1uZn7rCbXhibq34xRDSQeKx5xR66R2/NBNNZfYK1f8qj8HWSVBTiqQo94rf3X7CcskKssENaYT+KkNJ1RbzgROS93MYErZiA6w46iiEk04md87JedO6ZM40a6UJXP198SESmPGMnKdktqhWfZm4n9eJ7PxdTjhKs0sKrZYFGeC2ITMnid9rpFZMXaEMs3drYQNqabMuohKLoRg+eVV0rysBn41uPMrtbM8jiKcwClcQABXUINbqEMDGAh4hld48x69F+/d+1i0Frx85hj+wPv8ARxmj+U=</latexit>

General structure for the production of a colorless, off-shell particle:



13DRELL-YAN PRODUCTION

The probability to produce a             paire+ e�
<latexit sha1_base64="dXIOY4DkCWnKa4z2Bpu2Snf+4Ls=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgqGFXBD0GvXiMYB6SbMLspJMMmZ1dZmaFsOQrvHhQxKuf482/cZLsQaMFDUVVN91dQSy4Nq775eSWlldW1/LrhY3Nre2d4u5eXUeJYlhjkYhUM6AaBZdYM9wIbMYKaRgIbASjm6nfeESleSTvzThGP6QDyfucUWOlB+yctE+xc0a6xZJbdmcgf4mXkRJkqHaLn+1exJIQpWGCat3y3Nj4KVWGM4GTQjvRGFM2ogNsWSppiNpPZwdPyJFVeqQfKVvSkJn6cyKlodbjMLCdITVDvehNxf+8VmL6V37KZZwYlGy+qJ8IYiIy/Z70uEJmxNgSyhS3txI2pIoyYzMq2BC8xZf/kvp52XPL3t1FqXKdxZGHAziEY/DgEipwC1WoAYMQnuAFXh3lPDtvzvu8NedkM/vwC87HNzZkj1o=</latexit><latexit sha1_base64="dXIOY4DkCWnKa4z2Bpu2Snf+4Ls=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgqGFXBD0GvXiMYB6SbMLspJMMmZ1dZmaFsOQrvHhQxKuf482/cZLsQaMFDUVVN91dQSy4Nq775eSWlldW1/LrhY3Nre2d4u5eXUeJYlhjkYhUM6AaBZdYM9wIbMYKaRgIbASjm6nfeESleSTvzThGP6QDyfucUWOlB+yctE+xc0a6xZJbdmcgf4mXkRJkqHaLn+1exJIQpWGCat3y3Nj4KVWGM4GTQjvRGFM2ogNsWSppiNpPZwdPyJFVeqQfKVvSkJn6cyKlodbjMLCdITVDvehNxf+8VmL6V37KZZwYlGy+qJ8IYiIy/Z70uEJmxNgSyhS3txI2pIoyYzMq2BC8xZf/kvp52XPL3t1FqXKdxZGHAziEY/DgEipwC1WoAYMQnuAFXh3lPDtvzvu8NedkM/vwC87HNzZkj1o=</latexit><latexit sha1_base64="dXIOY4DkCWnKa4z2Bpu2Snf+4Ls=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgqGFXBD0GvXiMYB6SbMLspJMMmZ1dZmaFsOQrvHhQxKuf482/cZLsQaMFDUVVN91dQSy4Nq775eSWlldW1/LrhY3Nre2d4u5eXUeJYlhjkYhUM6AaBZdYM9wIbMYKaRgIbASjm6nfeESleSTvzThGP6QDyfucUWOlB+yctE+xc0a6xZJbdmcgf4mXkRJkqHaLn+1exJIQpWGCat3y3Nj4KVWGM4GTQjvRGFM2ogNsWSppiNpPZwdPyJFVeqQfKVvSkJn6cyKlodbjMLCdITVDvehNxf+8VmL6V37KZZwYlGy+qJ8IYiIy/Z70uEJmxNgSyhS3txI2pIoyYzMq2BC8xZf/kvp52XPL3t1FqXKdxZGHAziEY/DgEipwC1WoAYMQnuAFXh3lPDtvzvu8NedkM/vwC87HNzZkj1o=</latexit><latexit sha1_base64="dXIOY4DkCWnKa4z2Bpu2Snf+4Ls=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMgqGFXBD0GvXiMYB6SbMLspJMMmZ1dZmaFsOQrvHhQxKuf482/cZLsQaMFDUVVN91dQSy4Nq775eSWlldW1/LrhY3Nre2d4u5eXUeJYlhjkYhUM6AaBZdYM9wIbMYKaRgIbASjm6nfeESleSTvzThGP6QDyfucUWOlB+yctE+xc0a6xZJbdmcgf4mXkRJkqHaLn+1exJIQpWGCat3y3Nj4KVWGM4GTQjvRGFM2ogNsWSppiNpPZwdPyJFVeqQfKVvSkJn6cyKlodbjMLCdITVDvehNxf+8VmL6V37KZZwYlGy+qJ8IYiIy/Z70uEJmxNgSyhS3txI2pIoyYzMq2BC8xZf/kvp52XPL3t1FqXKdxZGHAziEY/DgEipwC1WoAYMQnuAFXh3lPDtvzvu8NedkM/vwC87HNzZkj1o=</latexit>

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

q̄
<latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit><latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit><latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit><latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit>

�⇤, Z⇤
<latexit sha1_base64="Hvg1ZgfV5L/6s7xhmmTI7aOUIEY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBSimJCHosevFYwbZik5bNdtMu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipOJaFNEvNYPgZYUc4i2tRMc/qYSIpFwGk7GN3O/PaYSsXi6EFPEuoLPIhYyAjWRurZtjfAQuBupYq8KnrqVnp22ak5c6BV4uakDDkaPfvL68ckFTTShGOlOq6TaD/DUjPC6bTkpYommIzwgHYMjbCgys/ml0/RmVH6KIylqUijufp7IsNCqYkITKfAeqiWvZn4n9dJdXjtZyxKUk0jslgUphzpGM1iQH0mKdF8YggmkplbERliiYk2YZVMCO7yy6ukdVFznZp7f1mu3+RxFOEETuEcXLiCOtxBA5pAYAzP8ApvVma9WO/Wx6K1YOUzx/AH1ucPKW2SCA==</latexit><latexit sha1_base64="Hvg1ZgfV5L/6s7xhmmTI7aOUIEY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBSimJCHosevFYwbZik5bNdtMu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipOJaFNEvNYPgZYUc4i2tRMc/qYSIpFwGk7GN3O/PaYSsXi6EFPEuoLPIhYyAjWRurZtjfAQuBupYq8KnrqVnp22ak5c6BV4uakDDkaPfvL68ckFTTShGOlOq6TaD/DUjPC6bTkpYommIzwgHYMjbCgys/ml0/RmVH6KIylqUijufp7IsNCqYkITKfAeqiWvZn4n9dJdXjtZyxKUk0jslgUphzpGM1iQH0mKdF8YggmkplbERliiYk2YZVMCO7yy6ukdVFznZp7f1mu3+RxFOEETuEcXLiCOtxBA5pAYAzP8ApvVma9WO/Wx6K1YOUzx/AH1ucPKW2SCA==</latexit><latexit sha1_base64="Hvg1ZgfV5L/6s7xhmmTI7aOUIEY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBSimJCHosevFYwbZik5bNdtMu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipOJaFNEvNYPgZYUc4i2tRMc/qYSIpFwGk7GN3O/PaYSsXi6EFPEuoLPIhYyAjWRurZtjfAQuBupYq8KnrqVnp22ak5c6BV4uakDDkaPfvL68ckFTTShGOlOq6TaD/DUjPC6bTkpYommIzwgHYMjbCgys/ml0/RmVH6KIylqUijufp7IsNCqYkITKfAeqiWvZn4n9dJdXjtZyxKUk0jslgUphzpGM1iQH0mKdF8YggmkplbERliiYk2YZVMCO7yy6ukdVFznZp7f1mu3+RxFOEETuEcXLiCOtxBA5pAYAzP8ApvVma9WO/Wx6K1YOUzx/AH1ucPKW2SCA==</latexit><latexit sha1_base64="Hvg1ZgfV5L/6s7xhmmTI7aOUIEY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBSimJCHosevFYwbZik5bNdtMu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipOJaFNEvNYPgZYUc4i2tRMc/qYSIpFwGk7GN3O/PaYSsXi6EFPEuoLPIhYyAjWRurZtjfAQuBupYq8KnrqVnp22ak5c6BV4uakDDkaPfvL68ckFTTShGOlOq6TaD/DUjPC6bTkpYommIzwgHYMjbCgys/ml0/RmVH6KIylqUijufp7IsNCqYkITKfAeqiWvZn4n9dJdXjtZyxKUk0jslgUphzpGM1iQH0mKdF8YggmkplbERliiYk2YZVMCO7yy6ukdVFznZp7f1mu3+RxFOEETuEcXLiCOtxBA5pAYAzP8ApvVma9WO/Wx6K1YOUzx/AH1ucPKW2SCA==</latexit>

e+
<latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit><latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit><latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit><latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit>

e�
<latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit><latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit><latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit><latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit>

▸ The standard candle process at the LHC 

▸ Parton distribution functions
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▸ Computed photon cross section in 

▸ Z boson vertex contains  
Axial-Vector coupling:

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

q̄
<latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit><latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit><latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit><latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit>

�⇤, Z⇤
<latexit sha1_base64="Hvg1ZgfV5L/6s7xhmmTI7aOUIEY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBSimJCHosevFYwbZik5bNdtMu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipOJaFNEvNYPgZYUc4i2tRMc/qYSIpFwGk7GN3O/PaYSsXi6EFPEuoLPIhYyAjWRurZtjfAQuBupYq8KnrqVnp22ak5c6BV4uakDDkaPfvL68ckFTTShGOlOq6TaD/DUjPC6bTkpYommIzwgHYMjbCgys/ml0/RmVH6KIylqUijufp7IsNCqYkITKfAeqiWvZn4n9dJdXjtZyxKUk0jslgUphzpGM1iQH0mKdF8YggmkplbERliiYk2YZVMCO7yy6ukdVFznZp7f1mu3+RxFOEETuEcXLiCOtxBA5pAYAzP8ApvVma9WO/Wx6K1YOUzx/AH1ucPKW2SCA==</latexit><latexit sha1_base64="Hvg1ZgfV5L/6s7xhmmTI7aOUIEY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBSimJCHosevFYwbZik5bNdtMu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipOJaFNEvNYPgZYUc4i2tRMc/qYSIpFwGk7GN3O/PaYSsXi6EFPEuoLPIhYyAjWRurZtjfAQuBupYq8KnrqVnp22ak5c6BV4uakDDkaPfvL68ckFTTShGOlOq6TaD/DUjPC6bTkpYommIzwgHYMjbCgys/ml0/RmVH6KIylqUijufp7IsNCqYkITKfAeqiWvZn4n9dJdXjtZyxKUk0jslgUphzpGM1iQH0mKdF8YggmkplbERliiYk2YZVMCO7yy6ukdVFznZp7f1mu3+RxFOEETuEcXLiCOtxBA5pAYAzP8ApvVma9WO/Wx6K1YOUzx/AH1ucPKW2SCA==</latexit><latexit sha1_base64="Hvg1ZgfV5L/6s7xhmmTI7aOUIEY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBSimJCHosevFYwbZik5bNdtMu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipOJaFNEvNYPgZYUc4i2tRMc/qYSIpFwGk7GN3O/PaYSsXi6EFPEuoLPIhYyAjWRurZtjfAQuBupYq8KnrqVnp22ak5c6BV4uakDDkaPfvL68ckFTTShGOlOq6TaD/DUjPC6bTkpYommIzwgHYMjbCgys/ml0/RmVH6KIylqUijufp7IsNCqYkITKfAeqiWvZn4n9dJdXjtZyxKUk0jslgUphzpGM1iQH0mKdF8YggmkplbERliiYk2YZVMCO7yy6ukdVFznZp7f1mu3+RxFOEETuEcXLiCOtxBA5pAYAzP8ApvVma9WO/Wx6K1YOUzx/AH1ucPKW2SCA==</latexit><latexit sha1_base64="Hvg1ZgfV5L/6s7xhmmTI7aOUIEY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBSimJCHosevFYwbZik5bNdtMu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipOJaFNEvNYPgZYUc4i2tRMc/qYSIpFwGk7GN3O/PaYSsXi6EFPEuoLPIhYyAjWRurZtjfAQuBupYq8KnrqVnp22ak5c6BV4uakDDkaPfvL68ckFTTShGOlOq6TaD/DUjPC6bTkpYommIzwgHYMjbCgys/ml0/RmVH6KIylqUijufp7IsNCqYkITKfAeqiWvZn4n9dJdXjtZyxKUk0jslgUphzpGM1iQH0mKdF8YggmkplbERliiYk2YZVMCO7yy6ukdVFznZp7f1mu3+RxFOEETuEcXLiCOtxBA5pAYAzP8ApvVma9WO/Wx6K1YOUzx/AH1ucPKW2SCA==</latexit>

arXiv:2001.07717

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

q̄
<latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit><latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit><latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit><latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit>

�⇤, Z⇤
<latexit sha1_base64="Hvg1ZgfV5L/6s7xhmmTI7aOUIEY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBSimJCHosevFYwbZik5bNdtMu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipOJaFNEvNYPgZYUc4i2tRMc/qYSIpFwGk7GN3O/PaYSsXi6EFPEuoLPIhYyAjWRurZtjfAQuBupYq8KnrqVnp22ak5c6BV4uakDDkaPfvL68ckFTTShGOlOq6TaD/DUjPC6bTkpYommIzwgHYMjbCgys/ml0/RmVH6KIylqUijufp7IsNCqYkITKfAeqiWvZn4n9dJdXjtZyxKUk0jslgUphzpGM1iQH0mKdF8YggmkplbERliiYk2YZVMCO7yy6ukdVFznZp7f1mu3+RxFOEETuEcXLiCOtxBA5pAYAzP8ApvVma9WO/Wx6K1YOUzx/AH1ucPKW2SCA==</latexit><latexit sha1_base64="Hvg1ZgfV5L/6s7xhmmTI7aOUIEY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBSimJCHosevFYwbZik5bNdtMu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipOJaFNEvNYPgZYUc4i2tRMc/qYSIpFwGk7GN3O/PaYSsXi6EFPEuoLPIhYyAjWRurZtjfAQuBupYq8KnrqVnp22ak5c6BV4uakDDkaPfvL68ckFTTShGOlOq6TaD/DUjPC6bTkpYommIzwgHYMjbCgys/ml0/RmVH6KIylqUijufp7IsNCqYkITKfAeqiWvZn4n9dJdXjtZyxKUk0jslgUphzpGM1iQH0mKdF8YggmkplbERliiYk2YZVMCO7yy6ukdVFznZp7f1mu3+RxFOEETuEcXLiCOtxBA5pAYAzP8ApvVma9WO/Wx6K1YOUzx/AH1ucPKW2SCA==</latexit><latexit sha1_base64="Hvg1ZgfV5L/6s7xhmmTI7aOUIEY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBSimJCHosevFYwbZik5bNdtMu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipOJaFNEvNYPgZYUc4i2tRMc/qYSIpFwGk7GN3O/PaYSsXi6EFPEuoLPIhYyAjWRurZtjfAQuBupYq8KnrqVnp22ak5c6BV4uakDDkaPfvL68ckFTTShGOlOq6TaD/DUjPC6bTkpYommIzwgHYMjbCgys/ml0/RmVH6KIylqUijufp7IsNCqYkITKfAeqiWvZn4n9dJdXjtZyxKUk0jslgUphzpGM1iQH0mKdF8YggmkplbERliiYk2YZVMCO7yy6ukdVFznZp7f1mu3+RxFOEETuEcXLiCOtxBA5pAYAzP8ApvVma9WO/Wx6K1YOUzx/AH1ucPKW2SCA==</latexit><latexit sha1_base64="Hvg1ZgfV5L/6s7xhmmTI7aOUIEY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBSimJCHosevFYwbZik5bNdtMu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipOJaFNEvNYPgZYUc4i2tRMc/qYSIpFwGk7GN3O/PaYSsXi6EFPEuoLPIhYyAjWRurZtjfAQuBupYq8KnrqVnp22ak5c6BV4uakDDkaPfvL68ckFTTShGOlOq6TaD/DUjPC6bTkpYommIzwgHYMjbCgys/ml0/RmVH6KIylqUijufp7IsNCqYkITKfAeqiWvZn4n9dJdXjtZyxKUk0jslgUphzpGM1iQH0mKdF8YggmkplbERliiYk2YZVMCO7yy6ukdVFznZp7f1mu3+RxFOEETuEcXLiCOtxBA5pAYAzP8ApvVma9WO/Wx6K1YOUzx/AH1ucPKW2SCA==</latexit>

e+
<latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit><latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit><latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit><latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit>

e�
<latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit><latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit><latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit><latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit>

<latexit sha1_base64="Su6xRKsHPa/FEW/61FFMUzl5gvA=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoiCURX8uqG5cV7AOaGCbTSTp0JgkzE6GEfoQbf8WNC0XcunDn3zhtA2rrgQtnzrmXuff4CaNSWdaXUZibX1hcKi6XVlbX1jfMza2mjFOBSQPHLBZtH0nCaEQaiipG2okgiPuMtPz+1chv3RMhaRzdqkFCXI7CiAYUI6UlzzxwJOUw9FqVphMiztGdw9PDCzh5eCfwR933zLJVtcaAs8TOSRnkqHvmp9ONccpJpDBDUnZsK1FuhoSimJFhyUklSRDuo5B0NI0QJ9LNxkcN4Z5WujCIha5IwbH6eyJDXMoB93UnR6onp72R+J/XSVVw7mY0SlJFIjz5KEgZVDEcJQS7VBCs2EAThAXVu0LcQwJhpXMs6RDs6ZNnSfOoap9W7Zvjcu0yj6MIdsAuqAAbnIEauAZ10AAYPIAn8AJejUfj2Xgz3ietBSOf2QZ/YHx8A+2mnX8=</latexit>

⇠ gW (V �µ �A�5�
µ)

▸ How to treat           ?<latexit sha1_base64="QqvGeIVUrHzA4mfqeo+/XBAoZrw=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEnons8mQmdl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9o6jhVhDZIzGPVDlFTziRtGGY4bSeKogg5bYWj26nfeqJKs1g+mHFCA4EDySJG0Fip3R2gENi76JUrXtWbwV0mfk4qkKPeK391+zFJBZWGcNS643uJCTJUhhFOJ6VuqmmCZIQD2rFUoqA6yGb3TtwTq/TdKFa2pHFn6u+JDIXWYxHaToFmqBe9qfif10lNdB1kTCapoZLMF0Upd03sTp93+0xRYvjYEiSK2VtdMkSFxNiISjYEf/HlZdI8q/qXVf/+vFK7yeMowhEcwyn4cAU1uIM6NIAAh2d4hTfn0Xlx3p2PeWvByWcO4Q+czx+4PY/D</latexit>�5

▸ ’t Hooft -Veltman 

▸ Larin: 

▸ …

<latexit sha1_base64="G4E0RMqzPlDrY1A6BdHdJKnlcsw="></latexit>

�5 =
�i

4!
✏µ⌫⇢��

µ�⌫�⇢��
<latexit sha1_base64="0w9XD8NG5DqTOiLY3DLst7Rsk/E="></latexit>

�5�
µ ! 1

2
[�5, �

µ] =
�i

3!
✏µ⌫⇢��

⌫�⇢��

https://arxiv.org/pdf/2001.07717
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▸ Where does the treatment of          matter?<latexit sha1_base64="QqvGeIVUrHzA4mfqeo+/XBAoZrw=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEnons8mQmdl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9o6jhVhDZIzGPVDlFTziRtGGY4bSeKogg5bYWj26nfeqJKs1g+mHFCA4EDySJG0Fip3R2gENi76JUrXtWbwV0mfk4qkKPeK391+zFJBZWGcNS643uJCTJUhhFOJ6VuqmmCZIQD2rFUoqA6yGb3TtwTq/TdKFa2pHFn6u+JDIXWYxHaToFmqBe9qfif10lNdB1kTCapoZLMF0Upd03sTp93+0xRYvjYEiSK2VtdMkSFxNiISjYEf/HlZdI8q/qXVf/+vFK7yeMowhEcwyn4cAU1uIM6NIAAh2d4hTfn0Xlx3p2PeWvByWcO4Q+czx+4PY/D</latexit>�5

๏ AV current couples on same fermion line twice:

       appears twice in the same 
trace. If treated in D=4, drops out 
identically! Such contributions can 
be extracted directly from 
calculation of vector current DY.

<latexit sha1_base64="QqvGeIVUrHzA4mfqeo+/XBAoZrw=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEnons8mQmdl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9o6jhVhDZIzGPVDlFTziRtGGY4bSeKogg5bYWj26nfeqJKs1g+mHFCA4EDySJG0Fip3R2gENi76JUrXtWbwV0mfk4qkKPeK391+zFJBZWGcNS643uJCTJUhhFOJ6VuqmmCZIQD2rFUoqA6yGb3TtwTq/TdKFa2pHFn6u+JDIXWYxHaToFmqBe9qfif10lNdB1kTCapoZLMF0Upd03sTp93+0xRYvjYEiSK2VtdMkSFxNiISjYEf/HlZdI8q/qXVf/+vFK7yeMowhEcwyn4cAU1uIM6NIAAh2d4hTfn0Xlx3p2PeWvByWcO4Q+czx+4PY/D</latexit>�5

๏ AV current couples to fermion line only once:
Axial anomaly diagrams. 
Genuinely different contributions 
from vector current first at NNLO. 

Finite renormalisation in Latin 
Scheme. Top Quark contributes 
UV divergences in 5 flavor QCD.
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▸ Inclusive Cross Section

arXiv:2001.07717 + To Appear

<latexit sha1_base64="7fQvROzXnEBzt2YRum0y9AekY9o=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBGEaklE1GXRjcsI9gFNWibTm3bo5MHMRCmxn+LGhSJu/RJ3/o3TNgttPXDhcM693HuPn3AmlWV9G0vLK6tr64WN4ubW9s6uWdpryDgVFOo05rFo+UQCZxHUFVMcWokAEvocmv7wZuI3H0BIFkf3apSAF5J+xAJGidJS1yw57onjqhhDpwKdU1xpdc2yVbWmwIvEzkkZ5XC65pfbi2kaQqQoJ1K2bStRXkaEYpTDuOimEhJCh6QPbU0jEoL0sunpY3yklR4OYqErUniq/p7ISCjlKPR1Z0jUQM57E/E/r52q4MrLWJSkCiI6WxSkHOtXJzngHhNAFR9pQqhg+lZMB0QQqnRaRR2CPf/yImmcVe2Lqn13Xq5d53EU0AE6RMfIRpeohm6Rg+qIokf0jF7Rm/FkvBjvxsesdcnIZ/bRHxifP8TnkmM=</latexit>

P P ! e+e� +X

LO NLO

NNLO N3LO

60 70 80 90 100 110 120
10.

100.

1000.

10 000.

Q [GeV]

σ
[p
b]

LHC 13TeV
PDF4LHC15_nnlo_mc
P P � e+e-+X
μcent.=Q

▸ Bulk of the cross section centered around Z-pole

https://arxiv.org/pdf/2001.07717
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arXiv:2001.07717 + To Appear

<latexit sha1_base64="7fQvROzXnEBzt2YRum0y9AekY9o=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBGEaklE1GXRjcsI9gFNWibTm3bo5MHMRCmxn+LGhSJu/RJ3/o3TNgttPXDhcM693HuPn3AmlWV9G0vLK6tr64WN4ubW9s6uWdpryDgVFOo05rFo+UQCZxHUFVMcWokAEvocmv7wZuI3H0BIFkf3apSAF5J+xAJGidJS1yw57onjqhhDpwKdU1xpdc2yVbWmwIvEzkkZ5XC65pfbi2kaQqQoJ1K2bStRXkaEYpTDuOimEhJCh6QPbU0jEoL0sunpY3yklR4OYqErUniq/p7ISCjlKPR1Z0jUQM57E/E/r52q4MrLWJSkCiI6WxSkHOtXJzngHhNAFR9pQqhg+lZMB0QQqnRaRR2CPf/yImmcVe2Lqn13Xq5d53EU0AE6RMfIRpeohm6Rg+qIokf0jF7Rm/FkvBjvxsesdcnIZ/bRHxifP8TnkmM=</latexit>

P P ! e+e� +X

Total γ γ γ V

V V A A

50 100 150 200 250 300 350 400 450 500

0.

0.25

0.5

0.75

1.

Q [GeV]

σ
N
3L
O

A
B

/σ
N
3L
O

LHC 13TeV
PDF4LHC15_nnlo_mc
P P � e+e-+X
μcent.=Q

A B
▸ Interference of A and V

Preliminary

N3LO:

https://arxiv.org/pdf/2001.07717
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▸ Inclusive K Factor for 

arXiv:2001.07717 + To Appear

▸ Relatively Large corrections for Q ~ 100 GeV. 

▸ Nice, perturbative behavior for large Q. 

▸ Overall, reduced scale dependence. 

▸ Extremely similar to K-Factor of DY via Photon Exchange!

<latexit sha1_base64="7fQvROzXnEBzt2YRum0y9AekY9o=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBGEaklE1GXRjcsI9gFNWibTm3bo5MHMRCmxn+LGhSJu/RJ3/o3TNgttPXDhcM693HuPn3AmlWV9G0vLK6tr64WN4ubW9s6uWdpryDgVFOo05rFo+UQCZxHUFVMcWokAEvocmv7wZuI3H0BIFkf3apSAF5J+xAJGidJS1yw57onjqhhDpwKdU1xpdc2yVbWmwIvEzkkZ5XC65pfbi2kaQqQoJ1K2bStRXkaEYpTDuOimEhJCh6QPbU0jEoL0sunpY3yklR4OYqErUniq/p7ISCjlKPR1Z0jUQM57E/E/r52q4MrLWJSkCiI6WxSkHOtXJzngHhNAFR9pQqhg+lZMB0QQqnRaRR2CPf/yImmcVe2Lqn13Xq5d53EU0AE6RMfIRpeohm6Rg+qIokf0jF7Rm/FkvBjvxsesdcnIZ/bRHxifP8TnkmM=</latexit>

P P ! e+e� +X

arXiv:2001.07717

https://arxiv.org/pdf/2001.07717
https://arxiv.org/pdf/2001.07717
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▸ Scale Dependence:

▸ Relatively flat. 

▸ Systematic offset. 

▸ Going to lower scales does not change the picture much.

LO NLO

NNLO N3LO

0.25 0.5 0.75 1. 1.25 1.5 1.75 2.
280.

300.

320.

340.

360.

380.

μR/Q
σ
[p
b]

LHC 13 TeV
PDF4LHC15_nnlo_mc
P P � e+e-+X
μF=Q=100 GeV

LO NLO

NNLO N3LO

0.25 0.5 0.75 1. 1.25 1.5 1.75 2.220.

240.

260.

280.

300.

320.

340.

360.

380.

μF/Q

σ
[p
b]

LHC 13 TeV
PDF4LHC15_nnlo_mc
P P � e+e-+X
μR=Q=100 GeV

arXiv:2001.07717 + To Appear

Preliminary Preliminary

<latexit sha1_base64="7fQvROzXnEBzt2YRum0y9AekY9o=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBGEaklE1GXRjcsI9gFNWibTm3bo5MHMRCmxn+LGhSJu/RJ3/o3TNgttPXDhcM693HuPn3AmlWV9G0vLK6tr64WN4ubW9s6uWdpryDgVFOo05rFo+UQCZxHUFVMcWokAEvocmv7wZuI3H0BIFkf3apSAF5J+xAJGidJS1yw57onjqhhDpwKdU1xpdc2yVbWmwIvEzkkZ5XC65pfbi2kaQqQoJ1K2bStRXkaEYpTDuOimEhJCh6QPbU0jEoL0sunpY3yklR4OYqErUniq/p7ISCjlKPR1Z0jUQM57E/E/r52q4MrLWJSkCiI6WxSkHOtXJzngHhNAFR9pQqhg+lZMB0QQqnRaRR2CPf/yImmcVe2Lqn13Xq5d53EU0AE6RMfIRpeohm6Rg+qIokf0jF7Rm/FkvBjvxsesdcnIZ/bRHxifP8TnkmM=</latexit>

P P ! e+e� +X

https://arxiv.org/pdf/2001.07717
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▸ How is the cross section decomposed into initial state 
configurations?

P P ! �⇤ +X ! l+l� +X
<latexit sha1_base64="wnS8DGvmhI3o5vayn0XkWLTuHR0=">AAACB3icbVDLSgMxFM34rPU16lKQYBHEapkRQZdFNy5HsA/oTEsmzbShSWZIMkIZunPjr7hxoYhbf8Gdf2PazkJbD1w4Oedebu4JE0aVdpxva2FxaXlltbBWXN/Y3Nq2d3brKk4lJjUcs1g2Q6QIo4LUNNWMNBNJEA8ZaYSDm7HfeCBS0Vjc62FCAo56gkYUI22kjn3g+aeer2O/hzhH7ZNy0zwga5dNnZWbHbvkVJwJ4Dxxc1ICObyO/eV3Y5xyIjRmSKmW6yQ6yJDUFDMyKvqpIgnCA9QjLUMF4kQF2eSOETwyShdGsTQlNJyovycyxJUa8tB0cqT7atYbi/95rVRHV0FGRZJqIvB0UZQyaE4dhwK7VBKs2dAQhCU1f4W4jyTC2kRXNCG4syfPk/p5xXUq7t1FqXqdx1EA++AQHAMXXIIquAUeqAEMHsEzeAVv1pP1Yr1bH9PWBSuf2QN/YH3+ADYul5Y=</latexit><latexit sha1_base64="wnS8DGvmhI3o5vayn0XkWLTuHR0=">AAACB3icbVDLSgMxFM34rPU16lKQYBHEapkRQZdFNy5HsA/oTEsmzbShSWZIMkIZunPjr7hxoYhbf8Gdf2PazkJbD1w4Oedebu4JE0aVdpxva2FxaXlltbBWXN/Y3Nq2d3brKk4lJjUcs1g2Q6QIo4LUNNWMNBNJEA8ZaYSDm7HfeCBS0Vjc62FCAo56gkYUI22kjn3g+aeer2O/hzhH7ZNy0zwga5dNnZWbHbvkVJwJ4Dxxc1ICObyO/eV3Y5xyIjRmSKmW6yQ6yJDUFDMyKvqpIgnCA9QjLUMF4kQF2eSOETwyShdGsTQlNJyovycyxJUa8tB0cqT7atYbi/95rVRHV0FGRZJqIvB0UZQyaE4dhwK7VBKs2dAQhCU1f4W4jyTC2kRXNCG4syfPk/p5xXUq7t1FqXqdx1EA++AQHAMXXIIquAUeqAEMHsEzeAVv1pP1Yr1bH9PWBSuf2QN/YH3+ADYul5Y=</latexit><latexit sha1_base64="wnS8DGvmhI3o5vayn0XkWLTuHR0=">AAACB3icbVDLSgMxFM34rPU16lKQYBHEapkRQZdFNy5HsA/oTEsmzbShSWZIMkIZunPjr7hxoYhbf8Gdf2PazkJbD1w4Oedebu4JE0aVdpxva2FxaXlltbBWXN/Y3Nq2d3brKk4lJjUcs1g2Q6QIo4LUNNWMNBNJEA8ZaYSDm7HfeCBS0Vjc62FCAo56gkYUI22kjn3g+aeer2O/hzhH7ZNy0zwga5dNnZWbHbvkVJwJ4Dxxc1ICObyO/eV3Y5xyIjRmSKmW6yQ6yJDUFDMyKvqpIgnCA9QjLUMF4kQF2eSOETwyShdGsTQlNJyovycyxJUa8tB0cqT7atYbi/95rVRHV0FGRZJqIvB0UZQyaE4dhwK7VBKs2dAQhCU1f4W4jyTC2kRXNCG4syfPk/p5xXUq7t1FqXqdx1EA++AQHAMXXIIquAUeqAEMHsEzeAVv1pP1Yr1bH9PWBSuf2QN/YH3+ADYul5Y=</latexit><latexit sha1_base64="wnS8DGvmhI3o5vayn0XkWLTuHR0=">AAACB3icbVDLSgMxFM34rPU16lKQYBHEapkRQZdFNy5HsA/oTEsmzbShSWZIMkIZunPjr7hxoYhbf8Gdf2PazkJbD1w4Oedebu4JE0aVdpxva2FxaXlltbBWXN/Y3Nq2d3brKk4lJjUcs1g2Q6QIo4LUNNWMNBNJEA8ZaYSDm7HfeCBS0Vjc62FCAo56gkYUI22kjn3g+aeer2O/hzhH7ZNy0zwga5dNnZWbHbvkVJwJ4Dxxc1ICObyO/eV3Y5xyIjRmSKmW6yQ6yJDUFDMyKvqpIgnCA9QjLUMF4kQF2eSOETwyShdGsTQlNJyovycyxJUa8tB0cqT7atYbi/95rVRHV0FGRZJqIvB0UZQyaE4dhwK7VBKs2dAQhCU1f4W4jyTC2kRXNCG4syfPk/p5xXUq7t1FqXqdx1EA++AQHAMXXIIquAUeqAEMHsEzeAVv1pP1Yr1bH9PWBSuf2QN/YH3+ADYul5Y=</latexit>
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Size of individual partonic channel 
compared to correction at NNLO

▸ Large! cancellation 
between quark 
and gluon induced 
channels. 

▸ Small Miss-
alignment of PDFs 
can lead to 
relatively large 
change in cross 
section 
predictions.

NNLO

arXiv:2001.07717

https://arxiv.org/pdf/2001.07717
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▸ How is the cross section decomposed into initial state 
configurations?

P P ! �⇤ +X ! l+l� +X
<latexit sha1_base64="wnS8DGvmhI3o5vayn0XkWLTuHR0=">AAACB3icbVDLSgMxFM34rPU16lKQYBHEapkRQZdFNy5HsA/oTEsmzbShSWZIMkIZunPjr7hxoYhbf8Gdf2PazkJbD1w4Oedebu4JE0aVdpxva2FxaXlltbBWXN/Y3Nq2d3brKk4lJjUcs1g2Q6QIo4LUNNWMNBNJEA8ZaYSDm7HfeCBS0Vjc62FCAo56gkYUI22kjn3g+aeer2O/hzhH7ZNy0zwga5dNnZWbHbvkVJwJ4Dxxc1ICObyO/eV3Y5xyIjRmSKmW6yQ6yJDUFDMyKvqpIgnCA9QjLUMF4kQF2eSOETwyShdGsTQlNJyovycyxJUa8tB0cqT7atYbi/95rVRHV0FGRZJqIvB0UZQyaE4dhwK7VBKs2dAQhCU1f4W4jyTC2kRXNCG4syfPk/p5xXUq7t1FqXqdx1EA++AQHAMXXIIquAUeqAEMHsEzeAVv1pP1Yr1bH9PWBSuf2QN/YH3+ADYul5Y=</latexit><latexit sha1_base64="wnS8DGvmhI3o5vayn0XkWLTuHR0=">AAACB3icbVDLSgMxFM34rPU16lKQYBHEapkRQZdFNy5HsA/oTEsmzbShSWZIMkIZunPjr7hxoYhbf8Gdf2PazkJbD1w4Oedebu4JE0aVdpxva2FxaXlltbBWXN/Y3Nq2d3brKk4lJjUcs1g2Q6QIo4LUNNWMNBNJEA8ZaYSDm7HfeCBS0Vjc62FCAo56gkYUI22kjn3g+aeer2O/hzhH7ZNy0zwga5dNnZWbHbvkVJwJ4Dxxc1ICObyO/eV3Y5xyIjRmSKmW6yQ6yJDUFDMyKvqpIgnCA9QjLUMF4kQF2eSOETwyShdGsTQlNJyovycyxJUa8tB0cqT7atYbi/95rVRHV0FGRZJqIvB0UZQyaE4dhwK7VBKs2dAQhCU1f4W4jyTC2kRXNCG4syfPk/p5xXUq7t1FqXqdx1EA++AQHAMXXIIquAUeqAEMHsEzeAVv1pP1Yr1bH9PWBSuf2QN/YH3+ADYul5Y=</latexit><latexit sha1_base64="wnS8DGvmhI3o5vayn0XkWLTuHR0=">AAACB3icbVDLSgMxFM34rPU16lKQYBHEapkRQZdFNy5HsA/oTEsmzbShSWZIMkIZunPjr7hxoYhbf8Gdf2PazkJbD1w4Oedebu4JE0aVdpxva2FxaXlltbBWXN/Y3Nq2d3brKk4lJjUcs1g2Q6QIo4LUNNWMNBNJEA8ZaYSDm7HfeCBS0Vjc62FCAo56gkYUI22kjn3g+aeer2O/hzhH7ZNy0zwga5dNnZWbHbvkVJwJ4Dxxc1ICObyO/eV3Y5xyIjRmSKmW6yQ6yJDUFDMyKvqpIgnCA9QjLUMF4kQF2eSOETwyShdGsTQlNJyovycyxJUa8tB0cqT7atYbi/95rVRHV0FGRZJqIvB0UZQyaE4dhwK7VBKs2dAQhCU1f4W4jyTC2kRXNCG4syfPk/p5xXUq7t1FqXqdx1EA++AQHAMXXIIquAUeqAEMHsEzeAVv1pP1Yr1bH9PWBSuf2QN/YH3+ADYul5Y=</latexit><latexit sha1_base64="wnS8DGvmhI3o5vayn0XkWLTuHR0=">AAACB3icbVDLSgMxFM34rPU16lKQYBHEapkRQZdFNy5HsA/oTEsmzbShSWZIMkIZunPjr7hxoYhbf8Gdf2PazkJbD1w4Oedebu4JE0aVdpxva2FxaXlltbBWXN/Y3Nq2d3brKk4lJjUcs1g2Q6QIo4LUNNWMNBNJEA8ZaYSDm7HfeCBS0Vjc62FCAo56gkYUI22kjn3g+aeer2O/hzhH7ZNy0zwga5dNnZWbHbvkVJwJ4Dxxc1ICObyO/eV3Y5xyIjRmSKmW6yQ6yJDUFDMyKvqpIgnCA9QjLUMF4kQF2eSOETwyShdGsTQlNJyovycyxJUa8tB0cqT7atYbi/95rVRHV0FGRZJqIvB0UZQyaE4dhwK7VBKs2dAQhCU1f4W4jyTC2kRXNCG4syfPk/p5xXUq7t1FqXqdx1EA++AQHAMXXIIquAUeqAEMHsEzeAVv1pP1Yr1bH9PWBSuf2QN/YH3+ADYul5Y=</latexit>

Size of individual partonic channel 
compared to correction at N3LO

▸ Same feature at N3LO. 

▸ Is this effect due to 
imprecise knowledge 
of PDFs? 

▸ Is this because we 
don’t have N3LO 
PDFs? 

▸ Scale Variation?
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▸ PDF Uncertainties: Statistical and Systematic from Methods and Measurement

P P ! �⇤ +X ! l+l� +X
<latexit sha1_base64="wnS8DGvmhI3o5vayn0XkWLTuHR0=">AAACB3icbVDLSgMxFM34rPU16lKQYBHEapkRQZdFNy5HsA/oTEsmzbShSWZIMkIZunPjr7hxoYhbf8Gdf2PazkJbD1w4Oedebu4JE0aVdpxva2FxaXlltbBWXN/Y3Nq2d3brKk4lJjUcs1g2Q6QIo4LUNNWMNBNJEA8ZaYSDm7HfeCBS0Vjc62FCAo56gkYUI22kjn3g+aeer2O/hzhH7ZNy0zwga5dNnZWbHbvkVJwJ4Dxxc1ICObyO/eV3Y5xyIjRmSKmW6yQ6yJDUFDMyKvqpIgnCA9QjLUMF4kQF2eSOETwyShdGsTQlNJyovycyxJUa8tB0cqT7atYbi/95rVRHV0FGRZJqIvB0UZQyaE4dhwK7VBKs2dAQhCU1f4W4jyTC2kRXNCG4syfPk/p5xXUq7t1FqXqdx1EA++AQHAMXXIIquAUeqAEMHsEzeAVv1pP1Yr1bH9PWBSuf2QN/YH3+ADYul5Y=</latexit><latexit sha1_base64="wnS8DGvmhI3o5vayn0XkWLTuHR0=">AAACB3icbVDLSgMxFM34rPU16lKQYBHEapkRQZdFNy5HsA/oTEsmzbShSWZIMkIZunPjr7hxoYhbf8Gdf2PazkJbD1w4Oedebu4JE0aVdpxva2FxaXlltbBWXN/Y3Nq2d3brKk4lJjUcs1g2Q6QIo4LUNNWMNBNJEA8ZaYSDm7HfeCBS0Vjc62FCAo56gkYUI22kjn3g+aeer2O/hzhH7ZNy0zwga5dNnZWbHbvkVJwJ4Dxxc1ICObyO/eV3Y5xyIjRmSKmW6yQ6yJDUFDMyKvqpIgnCA9QjLUMF4kQF2eSOETwyShdGsTQlNJyovycyxJUa8tB0cqT7atYbi/95rVRHV0FGRZJqIvB0UZQyaE4dhwK7VBKs2dAQhCU1f4W4jyTC2kRXNCG4syfPk/p5xXUq7t1FqXqdx1EA++AQHAMXXIIquAUeqAEMHsEzeAVv1pP1Yr1bH9PWBSuf2QN/YH3+ADYul5Y=</latexit><latexit sha1_base64="wnS8DGvmhI3o5vayn0XkWLTuHR0=">AAACB3icbVDLSgMxFM34rPU16lKQYBHEapkRQZdFNy5HsA/oTEsmzbShSWZIMkIZunPjr7hxoYhbf8Gdf2PazkJbD1w4Oedebu4JE0aVdpxva2FxaXlltbBWXN/Y3Nq2d3brKk4lJjUcs1g2Q6QIo4LUNNWMNBNJEA8ZaYSDm7HfeCBS0Vjc62FCAo56gkYUI22kjn3g+aeer2O/hzhH7ZNy0zwga5dNnZWbHbvkVJwJ4Dxxc1ICObyO/eV3Y5xyIjRmSKmW6yQ6yJDUFDMyKvqpIgnCA9QjLUMF4kQF2eSOETwyShdGsTQlNJyovycyxJUa8tB0cqT7atYbi/95rVRHV0FGRZJqIvB0UZQyaE4dhwK7VBKs2dAQhCU1f4W4jyTC2kRXNCG4syfPk/p5xXUq7t1FqXqdx1EA++AQHAMXXIIquAUeqAEMHsEzeAVv1pP1Yr1bH9PWBSuf2QN/YH3+ADYul5Y=</latexit><latexit sha1_base64="wnS8DGvmhI3o5vayn0XkWLTuHR0=">AAACB3icbVDLSgMxFM34rPU16lKQYBHEapkRQZdFNy5HsA/oTEsmzbShSWZIMkIZunPjr7hxoYhbf8Gdf2PazkJbD1w4Oedebu4JE0aVdpxva2FxaXlltbBWXN/Y3Nq2d3brKk4lJjUcs1g2Q6QIo4LUNNWMNBNJEA8ZaYSDm7HfeCBS0Vjc62FCAo56gkYUI22kjn3g+aeer2O/hzhH7ZNy0zwga5dNnZWbHbvkVJwJ4Dxxc1ICObyO/eV3Y5xyIjRmSKmW6yQ6yJDUFDMyKvqpIgnCA9QjLUMF4kQF2eSOETwyShdGsTQlNJyovycyxJUa8tB0cqT7atYbi/95rVRHV0FGRZJqIvB0UZQyaE4dhwK7VBKs2dAQhCU1f4W4jyTC2kRXNCG4syfPk/p5xXUq7t1FqXqdx1EA++AQHAMXXIIquAUeqAEMHsEzeAVv1pP1Yr1bH9PWBSuf2QN/YH3+ADYul5Y=</latexit>

�� �� �� �� �� �� �� 	�� 		� 	
� 	�� 	��
���
�

�����

�����

�����

	���

	��


	���

	���

� [��]

(�
±
�(
��
�+

�
�)
)/
�

��� �� ���
	
������_����_��
	 	 � �*+�

�� �� �� ��� ��� ��� ��� ���
�����

�����

�����

�����

����

����

����

����

	 [
��]

(�
±
�(
��
�-
��

))
/�

��� �� ���
	
������_����_��
	 	 � �*+�

▸ Large compared to N3LO 
QCD uncertainties.

▸ Missing N3LO PDFs:

Half the effect of computing 
the NNLO correction with 
NNLO or NLO PDFs

arXiv:2001.07717

https://arxiv.org/pdf/2001.07717


23CHARGED CURRENT DRELL-YAN PRODUCTION

The probability to produce  a W and its decay
q

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

q̄
<latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit><latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit><latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit><latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit>

�⇤, Z⇤
<latexit sha1_base64="Hvg1ZgfV5L/6s7xhmmTI7aOUIEY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBSimJCHosevFYwbZik5bNdtMu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipOJaFNEvNYPgZYUc4i2tRMc/qYSIpFwGk7GN3O/PaYSsXi6EFPEuoLPIhYyAjWRurZtjfAQuBupYq8KnrqVnp22ak5c6BV4uakDDkaPfvL68ckFTTShGOlOq6TaD/DUjPC6bTkpYommIzwgHYMjbCgys/ml0/RmVH6KIylqUijufp7IsNCqYkITKfAeqiWvZn4n9dJdXjtZyxKUk0jslgUphzpGM1iQH0mKdF8YggmkplbERliiYk2YZVMCO7yy6ukdVFznZp7f1mu3+RxFOEETuEcXLiCOtxBA5pAYAzP8ApvVma9WO/Wx6K1YOUzx/AH1ucPKW2SCA==</latexit><latexit sha1_base64="Hvg1ZgfV5L/6s7xhmmTI7aOUIEY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBSimJCHosevFYwbZik5bNdtMu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipOJaFNEvNYPgZYUc4i2tRMc/qYSIpFwGk7GN3O/PaYSsXi6EFPEuoLPIhYyAjWRurZtjfAQuBupYq8KnrqVnp22ak5c6BV4uakDDkaPfvL68ckFTTShGOlOq6TaD/DUjPC6bTkpYommIzwgHYMjbCgys/ml0/RmVH6KIylqUijufp7IsNCqYkITKfAeqiWvZn4n9dJdXjtZyxKUk0jslgUphzpGM1iQH0mKdF8YggmkplbERliiYk2YZVMCO7yy6ukdVFznZp7f1mu3+RxFOEETuEcXLiCOtxBA5pAYAzP8ApvVma9WO/Wx6K1YOUzx/AH1ucPKW2SCA==</latexit><latexit sha1_base64="Hvg1ZgfV5L/6s7xhmmTI7aOUIEY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBSimJCHosevFYwbZik5bNdtMu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipOJaFNEvNYPgZYUc4i2tRMc/qYSIpFwGk7GN3O/PaYSsXi6EFPEuoLPIhYyAjWRurZtjfAQuBupYq8KnrqVnp22ak5c6BV4uakDDkaPfvL68ckFTTShGOlOq6TaD/DUjPC6bTkpYommIzwgHYMjbCgys/ml0/RmVH6KIylqUijufp7IsNCqYkITKfAeqiWvZn4n9dJdXjtZyxKUk0jslgUphzpGM1iQH0mKdF8YggmkplbERliiYk2YZVMCO7yy6ukdVFznZp7f1mu3+RxFOEETuEcXLiCOtxBA5pAYAzP8ApvVma9WO/Wx6K1YOUzx/AH1ucPKW2SCA==</latexit><latexit sha1_base64="Hvg1ZgfV5L/6s7xhmmTI7aOUIEY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBSimJCHosevFYwbZik5bNdtMu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipOJaFNEvNYPgZYUc4i2tRMc/qYSIpFwGk7GN3O/PaYSsXi6EFPEuoLPIhYyAjWRurZtjfAQuBupYq8KnrqVnp22ak5c6BV4uakDDkaPfvL68ckFTTShGOlOq6TaD/DUjPC6bTkpYommIzwgHYMjbCgys/ml0/RmVH6KIylqUijufp7IsNCqYkITKfAeqiWvZn4n9dJdXjtZyxKUk0jslgUphzpGM1iQH0mKdF8YggmkplbERliiYk2YZVMCO7yy6ukdVFznZp7f1mu3+RxFOEETuEcXLiCOtxBA5pAYAzP8ApvVma9WO/Wx6K1YOUzx/AH1ucPKW2SCA==</latexit>

e+
<latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit><latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit><latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit><latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit>

e�
<latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit><latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit><latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit><latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit>

q0
<latexit sha1_base64="uxYDSlQTBXtr2FZb5VtjtrFqc7k=">AAAB73icbZC7SgNBFIbPxluMt6ilzWAUrMKujVoZsLGMYC6QxDA7OZsMmdndzMwKYclL2FgoYuvr2NnZ+hQ6uRSa+MPAx/+fw5xz/FhwbVz3w8ksLa+srmXXcxubW9s7+d29qo4SxbDCIhGpuk81Ch5ixXAjsB4rpNIXWPP7V+O8do9K8yi8NcMYW5J2Qx5wRo216oO7Zqy4xHa+4BbdicgieDMoXH5/XXwCQLmdf292IpZIDA0TVOuG58amlVJlOBM4yjUTjTFlfdrFhsWQStStdDLviBxbp0OCSNkXGjJxf3ekVGo9lL6tlNT09Hw2Nv/LGokJzlspD+PEYMimHwWJICYi4+VJhytkRgwtUKa4nZWwHlWUGXuinD2CN7/yIlRPi55b9G7cQukIpsrCARzCCXhwBiW4hjJUgIGAB3iCZ2fgPDovzuu0NOPMevbhj5y3H5GfkzA=</latexit><latexit sha1_base64="HY2M7uW66cFOgk0cMf7svQwBbfU=">AAAB73icbZC7TgMxEEVneYYQIEBJYxGQqKJdGqAiEg1lkMgDJUvkdbyJFdu7sb1I0So/QUMBQrT8Dh0FHwA/Ac6jgIQrWTq6d0aemSDmTBvXfXcWFpeWV1Yza9n13MbmVn57p6qjRBFaIRGPVD3AmnImacUww2k9VhSLgNNa0LsY5bU7qjSL5LUZxNQXuCNZyAg21qr3b5uxYoK28gW36I6F5sGbQuH8+/Ps6+MmV27l35rtiCSCSkM41rrhubHxU6wMI5wOs81E0xiTHu7QhkWJBdV+Op53iA6t00ZhpOyTBo3d3x0pFloPRGArBTZdPZuNzP+yRmLCUz9lMk4MlWTyUZhwZCI0Wh61maLE8IEFTBSzsyLSxQoTY0+UtUfwZleeh+px0XOL3pVbKB3ARBnYg304Ag9OoASXUIYKEOBwD4/w5PSdB+fZeZmULjjTnl34I+f1B04qlHw=</latexit><latexit sha1_base64="HY2M7uW66cFOgk0cMf7svQwBbfU=">AAAB73icbZC7TgMxEEVneYYQIEBJYxGQqKJdGqAiEg1lkMgDJUvkdbyJFdu7sb1I0So/QUMBQrT8Dh0FHwA/Ac6jgIQrWTq6d0aemSDmTBvXfXcWFpeWV1Yza9n13MbmVn57p6qjRBFaIRGPVD3AmnImacUww2k9VhSLgNNa0LsY5bU7qjSL5LUZxNQXuCNZyAg21qr3b5uxYoK28gW36I6F5sGbQuH8+/Ps6+MmV27l35rtiCSCSkM41rrhubHxU6wMI5wOs81E0xiTHu7QhkWJBdV+Op53iA6t00ZhpOyTBo3d3x0pFloPRGArBTZdPZuNzP+yRmLCUz9lMk4MlWTyUZhwZCI0Wh61maLE8IEFTBSzsyLSxQoTY0+UtUfwZleeh+px0XOL3pVbKB3ARBnYg304Ag9OoASXUIYKEOBwD4/w5PSdB+fZeZmULjjTnl34I+f1B04qlHw=</latexit><latexit sha1_base64="eqLihPaZuIRtv8pd22b+VxYXczw=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhSswp2NlgEbywjmA5Iz7G3mkiW7e5fdPSGE/AkbC0Vs/Tt2/hs3yRWa+GDg8d4MM/OiVHBjff/bW1vf2NzaLuwUd/f2Dw5LR8cNk2SaYZ0lItGtiBoUXGHdciuwlWqkMhLYjIa3M7/5hNrwRD3YcYqhpH3FY86odVJr9NhJNZfYLZX9ij8HWSVBTsqQo9YtfXV6CcskKssENaYd+KkNJ1RbzgROi53MYErZkPax7aiiEk04md87JRdO6ZE40a6UJXP198SESmPGMnKdktqBWfZm4n9eO7PxTTjhKs0sKrZYFGeC2ITMnic9rpFZMXaEMs3drYQNqKbMuoiKLoRg+eVV0riqBH4luPfL1fM8jgKcwhlcQgDXUIU7qEEdGAh4hld480bei/fufSxa17x85gT+wPv8AS1fj/A=</latexit>

W

⌫̄
<latexit sha1_base64="W7KWoalPiKmr+h31mXlSRr7QyGE=">AAAB73icbZDLSgMxFIbP1Futt6pLN8EquCozbnRnwY3LCvYC7VDOpJk2NJMZk4xQhr6EGymKdNvXcefbmF4W2vpD4OP/zyHnnCARXBvX/XZyG5tb2zv53cLe/sHhUfH4pK7jVFFWo7GIVTNAzQSXrGa4EayZKIZRIFgjGNzP8sYLU5rH8skME+ZH2JM85BSNtZrtABVpy7RTLLlldy6yDt4SSnfT8XgCANVO8avdjWkaMWmoQK1bnpsYP0NlOBVsVGinmiVIB9hjLYsSI6b9bD7viFxap0vCWNknDZm7vzsyjLQeRoGtjND09Wo2M//LWqkJb/2MyyQ1TNLFR2EqiInJbHnS5YpRI4YWkCpuZyW0jwqpsScq2CN4qyuvQ/267Lll79EtVS5goTycwTlcgQc3UIEHqEINKAh4hXf4cJ6dN+fTmSxKc86y5xT+yJn+AFV1klI=</latexit><latexit sha1_base64="dxtIBSeAusQcYVhpePg9WrfPZmA=">AAAB73icbZDLSsNAFIZPvNZ6q7p0M1gFVyVxozsLblxWsBdoSplMJ+3QySTOnAgl9CXciBfEbV/HnW/jpO1CW38Y+Pj/c5hzTpBIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDG/yvPnItRGxusdRwjsR7SsRCkbRWi0/oJr4Ku2Wym7FnYosgzeH8vXkJddrrVv68nsxSyOukElqTNtzE+xkVKNgko+Lfmp4QtmQ9nnboqIRN51sOu+YnFmnR8JY26eQTN3fHRmNjBlFga2MKA7MYpab/2XtFMOrTiZUkiJXbPZRmEqCMcmXJz2hOUM5skCZFnZWwgZUU4b2REV7BG9x5WVoXFQ8t+LdueXqKcxUgGM4gXPw4BKqcAs1qAMDCU/wBu/Og/PsfDifs9IVZ95zBH/kTH4AsrKUFw==</latexit><latexit sha1_base64="dxtIBSeAusQcYVhpePg9WrfPZmA=">AAAB73icbZDLSsNAFIZPvNZ6q7p0M1gFVyVxozsLblxWsBdoSplMJ+3QySTOnAgl9CXciBfEbV/HnW/jpO1CW38Y+Pj/c5hzTpBIYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDG/yvPnItRGxusdRwjsR7SsRCkbRWi0/oJr4Ku2Wym7FnYosgzeH8vXkJddrrVv68nsxSyOukElqTNtzE+xkVKNgko+Lfmp4QtmQ9nnboqIRN51sOu+YnFmnR8JY26eQTN3fHRmNjBlFga2MKA7MYpab/2XtFMOrTiZUkiJXbPZRmEqCMcmXJz2hOUM5skCZFnZWwgZUU4b2REV7BG9x5WVoXFQ8t+LdueXqKcxUgGM4gXPw4BKqcAs1qAMDCU/wBu/Og/PsfDifs9IVZ95zBH/kTH4AsrKUFw==</latexit><latexit sha1_base64="GkzaObrFUbTR6l6dK0NOpE09l/c=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LFbBU0m81GPBi8cK9gOaUDbbSbt0s4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT7p6CRTDNssEYnqhVSj4BLbhhuBvVQhjUOB3XByO/e7T6g0T+SDmaYYxHQkecQZNVbq+SFVxJfZoFpz6+4CZJ14BalBgdag+uUPE5bFKA0TVOu+56YmyKkynAmcVfxMY0rZhI6wb6mkMeogX9w7I5dWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95/cxEN0HOZZoZlGy5KMoEMQmZP0+GXCEzYmoJZYrbWwkbU0WZsRFVbAje6svrpHNd99y6d+/WmhdFHGU4g3O4Ag8a0IQ7aEEbGAh4hld4cx6dF+fd+Vi2lpxi5hT+wPn8AaaHj5g=</latexit>

l
<latexit sha1_base64="4DDVqLo7Od8LpXCq6ZNviDDM62M=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAUrMKujXYGbCwTMBdIljA7OZuMmZ1dZmaFsOQJbCwUSSd2vo6db+PkUmjiDwMf/38Oc84JEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD48aOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxjeTvPmIyrNY3lvRgn6Ee1LHnJGjbVqolssuWV3JrIK3gJKN5+TyTsAVLvFr04vZmmE0jBBtW57bmL8jCrDmcBxoZNqTCgb0j62LUoaofaz2aBjcm6dHgljZZ80ZOb+7shopPUoCmxlRM1AL2dT87+snZrw2s+4TFKDks0/ClNBTEymW5MeV8iMGFmgTHE7K2EDqigz9jYFewRveeVVaFyWPbfs1dxS5QzmysMJnMIFeHAFFbiDKtSBAcITvMCr8+A8O2/OZF6acxY9x/BHzscPeLGPiA==</latexit><latexit sha1_base64="XZVMVc897bDz8HK+mB5435e1DpA=">AAAB6HicbZA9TwJBEIbn8AvxC7W02YgmVuTORjtJbCwhkY8ELmRvmYOVvb3L7p4JIfwCGwuNwdLOv2Pnv3EPKBR8k02evO9MdmaCRHBtXPfbya2tb2xu5bcLO7t7+wfFw6OGjlPFsM5iEatWQDUKLrFuuBHYShTSKBDYDIa3Wd58RKV5LO/NKEE/on3JQ86osVZNdIslt+zORFbBW0Dp5nOa6b3aLX51ejFLI5SGCap123MT44+pMpwJnBQ6qcaEsiHtY9uipBFqfzwbdELOrdMjYazsk4bM3N8dYxppPYoCWxlRM9DLWWb+l7VTE177Yy6T1KBk84/CVBATk2xr0uMKmREjC5QpbmclbEAVZcbepmCP4C2vvAqNy7Lnlr2aW6qcwVx5OIFTuAAPrqACd1CFOjBAeIIXeHUenGfnzZnOS3POoucY/sj5+AHV7pFN</latexit><latexit sha1_base64="XZVMVc897bDz8HK+mB5435e1DpA=">AAAB6HicbZA9TwJBEIbn8AvxC7W02YgmVuTORjtJbCwhkY8ELmRvmYOVvb3L7p4JIfwCGwuNwdLOv2Pnv3EPKBR8k02evO9MdmaCRHBtXPfbya2tb2xu5bcLO7t7+wfFw6OGjlPFsM5iEatWQDUKLrFuuBHYShTSKBDYDIa3Wd58RKV5LO/NKEE/on3JQ86osVZNdIslt+zORFbBW0Dp5nOa6b3aLX51ejFLI5SGCap123MT44+pMpwJnBQ6qcaEsiHtY9uipBFqfzwbdELOrdMjYazsk4bM3N8dYxppPYoCWxlRM9DLWWb+l7VTE177Yy6T1KBk84/CVBATk2xr0uMKmREjC5QpbmclbEAVZcbepmCP4C2vvAqNy7Lnlr2aW6qcwVx5OIFTuAAPrqACd1CFOjBAeIIXeHUenGfnzZnOS3POoucY/sj5+AHV7pFN</latexit><latexit sha1_base64="TUKUCPRBzpFgSiQ561E12vVEGbM=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRjTxRFoveiTx4hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVaYlCtuXV3AbJOvILUoEBzUP3qDxOWxSgNE1TrnuemJsipMpwJnFX6mcaUsgkdYc9SSWPUQb44dEYurTIkUaJsSUMW6u+JnMZaT+PQdsbUjPWqNxf/83qZiW6DnMs0MyjZclGUCWISMv+aDLlCZsTUEsoUt7cSNqaKMmOzqdgQvNWX10n7uu65da/l1hoXRRxlOINzuAIPbqAB99AEHxggPMMrvDmPzovz7nwsW0tOMXMKf+B8/gDJw4zO</latexit>

▸ Very similar partonic cross section to DY - partial overlap. 

▸ Different arrangement of PDFs / charges.
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▸ Bulk of the cross section centered around W boson 
mass. 

▸ Off-shell cross section modeled via Breit-Wigner

arXiv:2007.13313

https://arxiv.org/pdf/2007.13313
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P P ! W +X ! l⌫ +X
<latexit sha1_base64="wrbrJTAQC7J9AWqE5bAsy/e2j40=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJS7AIQqUkIuix6MVjBNsGmlA22027dLMJuxuhhIJ/xYsHRbz6O7z5b9y0OWjrg2Uf780wMy9MGZXKtr+Nysrq2vpGdbO2tb2zu2fuH3RkkglM2jhhifBCJAmjnLQVVYx4qSAoDhnphuPbwu8+EiFpwh/UJCVBjIacRhQjpaW+eeT6566vEqvb8IqP+TxreH2zbjftGaxl4pSkDiXcvvnlDxKcxYQrzJCUPcdOVZAjoShmZFrzM0lShMdoSHqachQTGeSz9afWqVYGVpQI/biyZurvjhzFUk7iUFfGSI3koleI/3m9TEXXQU55minC8XxQlDFL31lkYQ2oIFixiSYIC6p3tfAICYSVTqymQ3AWT14mnYumYzed+8t666aMowrHcAJn4MAVtOAOXGgDhhye4RXejCfjxXg3PualFaPsOYQ/MD5/AFFFlGs=</latexit><latexit sha1_base64="wrbrJTAQC7J9AWqE5bAsy/e2j40=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJS7AIQqUkIuix6MVjBNsGmlA22027dLMJuxuhhIJ/xYsHRbz6O7z5b9y0OWjrg2Uf780wMy9MGZXKtr+Nysrq2vpGdbO2tb2zu2fuH3RkkglM2jhhifBCJAmjnLQVVYx4qSAoDhnphuPbwu8+EiFpwh/UJCVBjIacRhQjpaW+eeT6566vEqvb8IqP+TxreH2zbjftGaxl4pSkDiXcvvnlDxKcxYQrzJCUPcdOVZAjoShmZFrzM0lShMdoSHqachQTGeSz9afWqVYGVpQI/biyZurvjhzFUk7iUFfGSI3koleI/3m9TEXXQU55minC8XxQlDFL31lkYQ2oIFixiSYIC6p3tfAICYSVTqymQ3AWT14mnYumYzed+8t666aMowrHcAJn4MAVtOAOXGgDhhye4RXejCfjxXg3PualFaPsOYQ/MD5/AFFFlGs=</latexit><latexit sha1_base64="wrbrJTAQC7J9AWqE5bAsy/e2j40=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJS7AIQqUkIuix6MVjBNsGmlA22027dLMJuxuhhIJ/xYsHRbz6O7z5b9y0OWjrg2Uf780wMy9MGZXKtr+Nysrq2vpGdbO2tb2zu2fuH3RkkglM2jhhifBCJAmjnLQVVYx4qSAoDhnphuPbwu8+EiFpwh/UJCVBjIacRhQjpaW+eeT6566vEqvb8IqP+TxreH2zbjftGaxl4pSkDiXcvvnlDxKcxYQrzJCUPcdOVZAjoShmZFrzM0lShMdoSHqachQTGeSz9afWqVYGVpQI/biyZurvjhzFUk7iUFfGSI3koleI/3m9TEXXQU55minC8XxQlDFL31lkYQ2oIFixiSYIC6p3tfAICYSVTqymQ3AWT14mnYumYzed+8t666aMowrHcAJn4MAVtOAOXGgDhhye4RXejCfjxXg3PualFaPsOYQ/MD5/AFFFlGs=</latexit><latexit sha1_base64="wrbrJTAQC7J9AWqE5bAsy/e2j40=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJS7AIQqUkIuix6MVjBNsGmlA22027dLMJuxuhhIJ/xYsHRbz6O7z5b9y0OWjrg2Uf780wMy9MGZXKtr+Nysrq2vpGdbO2tb2zu2fuH3RkkglM2jhhifBCJAmjnLQVVYx4qSAoDhnphuPbwu8+EiFpwh/UJCVBjIacRhQjpaW+eeT6566vEqvb8IqP+TxreH2zbjftGaxl4pSkDiXcvvnlDxKcxYQrzJCUPcdOVZAjoShmZFrzM0lShMdoSHqachQTGeSz9afWqVYGVpQI/biyZurvjhzFUk7iUFfGSI3koleI/3m9TEXXQU55minC8XxQlDFL31lkYQ2oIFixiSYIC6p3tfAICYSVTqymQ3AWT14mnYumYzed+8t666aMowrHcAJn4MAVtOAOXGgDhhye4RXejCfjxXg3PualFaPsOYQ/MD5/AFFFlGs=</latexit>
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▸ Scale bands do not 
overlap around Q ~ 100 
GeV.
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▸ Little change under 
variation of LHC energy. 

▸ Overall: N3LO reduces 
scale dependence.

arXiv:2007.13313

https://arxiv.org/pdf/2007.13313
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▸ Ratios of Cross Sections: RAB =
�A

�B
<latexit sha1_base64="S7FtsSxW8emenuHzgLlv6mR/bOE=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCq5KIoBuhrRuXVewFmhAm00k7dGYSZiZCCdm68VXcuFDErW/gzrdx2kbQ1h8GPv5zDmfOHyaMKu04X9bS8srq2nppo7y5tb2za+/tt1WcSkxaOGax7IZIEUYFaWmqGekmkiAeMtIJR1eTeueeSEVjcafHCfE5GggaUYy0sQIb3gZZvZFfepFEOPMUHXAU1PMfauSBXXGqzlRwEdwCKqBQM7A/vX6MU06Exgwp1XOdRPsZkppiRvKylyqSIDxCA9IzKBAnys+ml+Tw2Dh9GMXSPKHh1P09kSGu1JiHppMjPVTztYn5X62X6ujCz6hIUk0Eni2KUgZ1DCexwD6VBGs2NoCwpOavEA+RyUSb8MomBHf+5EVon1Zdp+renFVqjSKOEjgER+AEuOAc1MA1aIIWwOABPIEX8Go9Ws/Wm/U+a12yipkD8EfWxze285pX</latexit><latexit sha1_base64="S7FtsSxW8emenuHzgLlv6mR/bOE=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCq5KIoBuhrRuXVewFmhAm00k7dGYSZiZCCdm68VXcuFDErW/gzrdx2kbQ1h8GPv5zDmfOHyaMKu04X9bS8srq2nppo7y5tb2za+/tt1WcSkxaOGax7IZIEUYFaWmqGekmkiAeMtIJR1eTeueeSEVjcafHCfE5GggaUYy0sQIb3gZZvZFfepFEOPMUHXAU1PMfauSBXXGqzlRwEdwCKqBQM7A/vX6MU06Exgwp1XOdRPsZkppiRvKylyqSIDxCA9IzKBAnys+ml+Tw2Dh9GMXSPKHh1P09kSGu1JiHppMjPVTztYn5X62X6ujCz6hIUk0Eni2KUgZ1DCexwD6VBGs2NoCwpOavEA+RyUSb8MomBHf+5EVon1Zdp+renFVqjSKOEjgER+AEuOAc1MA1aIIWwOABPIEX8Go9Ws/Wm/U+a12yipkD8EfWxze285pX</latexit><latexit sha1_base64="S7FtsSxW8emenuHzgLlv6mR/bOE=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCq5KIoBuhrRuXVewFmhAm00k7dGYSZiZCCdm68VXcuFDErW/gzrdx2kbQ1h8GPv5zDmfOHyaMKu04X9bS8srq2nppo7y5tb2za+/tt1WcSkxaOGax7IZIEUYFaWmqGekmkiAeMtIJR1eTeueeSEVjcafHCfE5GggaUYy0sQIb3gZZvZFfepFEOPMUHXAU1PMfauSBXXGqzlRwEdwCKqBQM7A/vX6MU06Exgwp1XOdRPsZkppiRvKylyqSIDxCA9IzKBAnys+ml+Tw2Dh9GMXSPKHh1P09kSGu1JiHppMjPVTztYn5X62X6ujCz6hIUk0Eni2KUgZ1DCexwD6VBGs2NoCwpOavEA+RyUSb8MomBHf+5EVon1Zdp+renFVqjSKOEjgER+AEuOAc1MA1aIIWwOABPIEX8Go9Ws/Wm/U+a12yipkD8EfWxze285pX</latexit><latexit sha1_base64="S7FtsSxW8emenuHzgLlv6mR/bOE=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCq5KIoBuhrRuXVewFmhAm00k7dGYSZiZCCdm68VXcuFDErW/gzrdx2kbQ1h8GPv5zDmfOHyaMKu04X9bS8srq2nppo7y5tb2za+/tt1WcSkxaOGax7IZIEUYFaWmqGekmkiAeMtIJR1eTeueeSEVjcafHCfE5GggaUYy0sQIb3gZZvZFfepFEOPMUHXAU1PMfauSBXXGqzlRwEdwCKqBQM7A/vX6MU06Exgwp1XOdRPsZkppiRvKylyqSIDxCA9IzKBAnys+ml+Tw2Dh9GMXSPKHh1P09kSGu1JiHppMjPVTztYn5X62X6ujCz6hIUk0Eni2KUgZ1DCexwD6VBGs2NoCwpOavEA+RyUSb8MomBHf+5EVon1Zdp+renFVqjSKOEjgER+AEuOAc1MA1aIIWwOABPIEX8Go9Ws/Wm/U+a12yipkD8EfWxze285pX</latexit>

▸ Luminosity / PDF uncertainties drop out (to a degree).
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▸ How to set uncertainties?
arXiv:2007.13313

https://arxiv.org/pdf/2007.13313
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▸ Ratios of Cross Sections: RAB =
�A

�B
<latexit sha1_base64="S7FtsSxW8emenuHzgLlv6mR/bOE=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCq5KIoBuhrRuXVewFmhAm00k7dGYSZiZCCdm68VXcuFDErW/gzrdx2kbQ1h8GPv5zDmfOHyaMKu04X9bS8srq2nppo7y5tb2za+/tt1WcSkxaOGax7IZIEUYFaWmqGekmkiAeMtIJR1eTeueeSEVjcafHCfE5GggaUYy0sQIb3gZZvZFfepFEOPMUHXAU1PMfauSBXXGqzlRwEdwCKqBQM7A/vX6MU06Exgwp1XOdRPsZkppiRvKylyqSIDxCA9IzKBAnys+ml+Tw2Dh9GMXSPKHh1P09kSGu1JiHppMjPVTztYn5X62X6ujCz6hIUk0Eni2KUgZ1DCexwD6VBGs2NoCwpOavEA+RyUSb8MomBHf+5EVon1Zdp+renFVqjSKOEjgER+AEuOAc1MA1aIIWwOABPIEX8Go9Ws/Wm/U+a12yipkD8EfWxze285pX</latexit><latexit sha1_base64="S7FtsSxW8emenuHzgLlv6mR/bOE=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCq5KIoBuhrRuXVewFmhAm00k7dGYSZiZCCdm68VXcuFDErW/gzrdx2kbQ1h8GPv5zDmfOHyaMKu04X9bS8srq2nppo7y5tb2za+/tt1WcSkxaOGax7IZIEUYFaWmqGekmkiAeMtIJR1eTeueeSEVjcafHCfE5GggaUYy0sQIb3gZZvZFfepFEOPMUHXAU1PMfauSBXXGqzlRwEdwCKqBQM7A/vX6MU06Exgwp1XOdRPsZkppiRvKylyqSIDxCA9IzKBAnys+ml+Tw2Dh9GMXSPKHh1P09kSGu1JiHppMjPVTztYn5X62X6ujCz6hIUk0Eni2KUgZ1DCexwD6VBGs2NoCwpOavEA+RyUSb8MomBHf+5EVon1Zdp+renFVqjSKOEjgER+AEuOAc1MA1aIIWwOABPIEX8Go9Ws/Wm/U+a12yipkD8EfWxze285pX</latexit><latexit sha1_base64="S7FtsSxW8emenuHzgLlv6mR/bOE=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCq5KIoBuhrRuXVewFmhAm00k7dGYSZiZCCdm68VXcuFDErW/gzrdx2kbQ1h8GPv5zDmfOHyaMKu04X9bS8srq2nppo7y5tb2za+/tt1WcSkxaOGax7IZIEUYFaWmqGekmkiAeMtIJR1eTeueeSEVjcafHCfE5GggaUYy0sQIb3gZZvZFfepFEOPMUHXAU1PMfauSBXXGqzlRwEdwCKqBQM7A/vX6MU06Exgwp1XOdRPsZkppiRvKylyqSIDxCA9IzKBAnys+ml+Tw2Dh9GMXSPKHh1P09kSGu1JiHppMjPVTztYn5X62X6ujCz6hIUk0Eni2KUgZ1DCexwD6VBGs2NoCwpOavEA+RyUSb8MomBHf+5EVon1Zdp+renFVqjSKOEjgER+AEuOAc1MA1aIIWwOABPIEX8Go9Ws/Wm/U+a12yipkD8EfWxze285pX</latexit><latexit sha1_base64="S7FtsSxW8emenuHzgLlv6mR/bOE=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCq5KIoBuhrRuXVewFmhAm00k7dGYSZiZCCdm68VXcuFDErW/gzrdx2kbQ1h8GPv5zDmfOHyaMKu04X9bS8srq2nppo7y5tb2za+/tt1WcSkxaOGax7IZIEUYFaWmqGekmkiAeMtIJR1eTeueeSEVjcafHCfE5GggaUYy0sQIb3gZZvZFfepFEOPMUHXAU1PMfauSBXXGqzlRwEdwCKqBQM7A/vX6MU06Exgwp1XOdRPsZkppiRvKylyqSIDxCA9IzKBAnys+ml+Tw2Dh9GMXSPKHh1P09kSGu1JiHppMjPVTztYn5X62X6ujCz6hIUk0Eni2KUgZ1DCexwD6VBGs2NoCwpOavEA+RyUSb8MomBHf+5EVon1Zdp+renFVqjSKOEjgER+AEuOAc1MA1aIIWwOABPIEX8Go9Ws/Wm/U+a12yipkD8EfWxze285pX</latexit>

▸ How to set uncertainties?
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Correlated scales. Un-Correlated scales.

Progression of the series: 
Size of the last correction

arXiv:2007.13313

https://arxiv.org/pdf/2007.13313
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Charge Asymmetry:

arXiv:2007.13313

https://arxiv.org/pdf/2007.13313


29WH ASSOCIATED PRODUCTION

The probability to produce  a W and a Higgs boson

▸ Contribution via virtual W boson exchange

q0
<latexit sha1_base64="uxYDSlQTBXtr2FZb5VtjtrFqc7k=">AAAB73icbZC7SgNBFIbPxluMt6ilzWAUrMKujVoZsLGMYC6QxDA7OZsMmdndzMwKYclL2FgoYuvr2NnZ+hQ6uRSa+MPAx/+fw5xz/FhwbVz3w8ksLa+srmXXcxubW9s7+d29qo4SxbDCIhGpuk81Ch5ixXAjsB4rpNIXWPP7V+O8do9K8yi8NcMYW5J2Qx5wRo216oO7Zqy4xHa+4BbdicgieDMoXH5/XXwCQLmdf292IpZIDA0TVOuG58amlVJlOBM4yjUTjTFlfdrFhsWQStStdDLviBxbp0OCSNkXGjJxf3ekVGo9lL6tlNT09Hw2Nv/LGokJzlspD+PEYMimHwWJICYi4+VJhytkRgwtUKa4nZWwHlWUGXuinD2CN7/yIlRPi55b9G7cQukIpsrCARzCCXhwBiW4hjJUgIGAB3iCZ2fgPDovzuu0NOPMevbhj5y3H5GfkzA=</latexit><latexit sha1_base64="HY2M7uW66cFOgk0cMf7svQwBbfU=">AAAB73icbZC7TgMxEEVneYYQIEBJYxGQqKJdGqAiEg1lkMgDJUvkdbyJFdu7sb1I0So/QUMBQrT8Dh0FHwA/Ac6jgIQrWTq6d0aemSDmTBvXfXcWFpeWV1Yza9n13MbmVn57p6qjRBFaIRGPVD3AmnImacUww2k9VhSLgNNa0LsY5bU7qjSL5LUZxNQXuCNZyAg21qr3b5uxYoK28gW36I6F5sGbQuH8+/Ps6+MmV27l35rtiCSCSkM41rrhubHxU6wMI5wOs81E0xiTHu7QhkWJBdV+Op53iA6t00ZhpOyTBo3d3x0pFloPRGArBTZdPZuNzP+yRmLCUz9lMk4MlWTyUZhwZCI0Wh61maLE8IEFTBSzsyLSxQoTY0+UtUfwZleeh+px0XOL3pVbKB3ARBnYg304Ag9OoASXUIYKEOBwD4/w5PSdB+fZeZmULjjTnl34I+f1B04qlHw=</latexit><latexit sha1_base64="HY2M7uW66cFOgk0cMf7svQwBbfU=">AAAB73icbZC7TgMxEEVneYYQIEBJYxGQqKJdGqAiEg1lkMgDJUvkdbyJFdu7sb1I0So/QUMBQrT8Dh0FHwA/Ac6jgIQrWTq6d0aemSDmTBvXfXcWFpeWV1Yza9n13MbmVn57p6qjRBFaIRGPVD3AmnImacUww2k9VhSLgNNa0LsY5bU7qjSL5LUZxNQXuCNZyAg21qr3b5uxYoK28gW36I6F5sGbQuH8+/Ps6+MmV27l35rtiCSCSkM41rrhubHxU6wMI5wOs81E0xiTHu7QhkWJBdV+Op53iA6t00ZhpOyTBo3d3x0pFloPRGArBTZdPZuNzP+yRmLCUz9lMk4MlWTyUZhwZCI0Wh61maLE8IEFTBSzsyLSxQoTY0+UtUfwZleeh+px0XOL3pVbKB3ARBnYg304Ag9OoASXUIYKEOBwD4/w5PSdB+fZeZmULjjTnl34I+f1B04qlHw=</latexit><latexit sha1_base64="eqLihPaZuIRtv8pd22b+VxYXczw=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhSswp2NlgEbywjmA5Iz7G3mkiW7e5fdPSGE/AkbC0Vs/Tt2/hs3yRWa+GDg8d4MM/OiVHBjff/bW1vf2NzaLuwUd/f2Dw5LR8cNk2SaYZ0lItGtiBoUXGHdciuwlWqkMhLYjIa3M7/5hNrwRD3YcYqhpH3FY86odVJr9NhJNZfYLZX9ij8HWSVBTsqQo9YtfXV6CcskKssENaYd+KkNJ1RbzgROi53MYErZkPax7aiiEk04md87JRdO6ZE40a6UJXP198SESmPGMnKdktqBWfZm4n9eO7PxTTjhKs0sKrZYFGeC2ITMnic9rpFZMXaEMs3drYQNqKbMuoiKLoRg+eVV0riqBH4luPfL1fM8jgKcwhlcQgDXUIU7qEEdGAh4hld480bei/fufSxa17x85gT+wPv8AS1fj/A=</latexit>

q
<latexit sha1_base64="/JS3PXoVRMw8suVORGp4DUzgW9c=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAUrMKujVoZsLFMwFwgCWF2cjYZMzu7zswKYckT2FgoYusj2dnZ+hQ6uRSa+MPAx/+fw5xz/FhwbVz3w8ksLa+srmXXcxubW9s7+d29mo4SxbDKIhGphk81Ci6xargR2IgV0tAXWPcHV+O8fo9K80jemGGM7ZD2JA84o8ZalbtOvuAW3YnIIngzKFx+f118AkC5k39vdSOWhCgNE1TrpufGpp1SZTgTOMq1Eo0xZQPaw6ZFSUPU7XQy6IgcW6dLgkjZJw2ZuL87UhpqPQx9WxlS09fz2dj8L2smJjhvp1zGiUHJph8FiSAmIuOtSZcrZEYMLVCmuJ2VsD5VlBl7m5w9gje/8iLUToueW/QqbqF0BFNl4QAO4QQ8OIMSXEMZqsAA4QGe4Nm5dR6dF+d1WppxZj378EfO2w81ppAT</latexit><latexit sha1_base64="Sq0YL/NJ3CiMXVGen/dDWBeDR9I=">AAAB6HicbZC7SgNBFIbPeo0xatTSZjAKVmHXRq0M2FgmYC6SLGF2cjYZM3txZlYIS57AxkIRWx/JzsIH0JfQyaXQxB8GPv7/HOac48WCK23b79bC4tLyympmLbue29jcym/v1FSUSIZVFolINjyqUPAQq5prgY1YIg08gXWvfzHK63coFY/CKz2I0Q1oN+Q+Z1Qbq3Lbzhfsoj0WmQdnCoXz78+zr4/rXLmdf2t1IpYEGGomqFJNx461m1KpORM4zLYShTFlfdrFpsGQBqjcdDzokBwap0P8SJoXajJ2f3ekNFBqEHimMqC6p2azkflf1ky0f+qmPIwTjSGbfOQnguiIjLYmHS6RaTEwQJnkZlbCelRSps1tsuYIzuzK81A7Ljp20anYhdIBTJSBPdiHI3DgBEpwCWWoAgOEe3iEJ+vGerCerZdJ6YI17dmFP7JefwDyIpFf</latexit><latexit sha1_base64="Sq0YL/NJ3CiMXVGen/dDWBeDR9I=">AAAB6HicbZC7SgNBFIbPeo0xatTSZjAKVmHXRq0M2FgmYC6SLGF2cjYZM3txZlYIS57AxkIRWx/JzsIH0JfQyaXQxB8GPv7/HOac48WCK23b79bC4tLyympmLbue29jcym/v1FSUSIZVFolINjyqUPAQq5prgY1YIg08gXWvfzHK63coFY/CKz2I0Q1oN+Q+Z1Qbq3Lbzhfsoj0WmQdnCoXz78+zr4/rXLmdf2t1IpYEGGomqFJNx461m1KpORM4zLYShTFlfdrFpsGQBqjcdDzokBwap0P8SJoXajJ2f3ekNFBqEHimMqC6p2azkflf1ky0f+qmPIwTjSGbfOQnguiIjLYmHS6RaTEwQJnkZlbCelRSps1tsuYIzuzK81A7Ljp20anYhdIBTJSBPdiHI3DgBEpwCWWoAgOEe3iEJ+vGerCerZdJ6YI17dmFP7JefwDyIpFf</latexit><latexit sha1_base64="CRkgIOJFmDUY6Rvh2SLpjZaxXaI=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmI5pYkTsbLUlsLCGRjwQuZG+Zg5W9vWN3z4Rc+AU2Fhpj60+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/fbT6g0j+WDmSboR3QoecgZNVZqTPrlilt1FyDrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwFmpl2pMKBvTIXYtlTRC7WeLQ2fk0ioDEsbKljRkof6eyGik9TQKbGdEzUivenPxP6+bmvDWz7hMUoOSLReFqSAmJvOvyYArZEZMLaFMcXsrYSOqKDM2m5INwVt9eZ20rqueW/UabqV2kcdRhDM4hyvw4AZqcA91aAIDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/RV4zT</latexit> W

<latexit sha1_base64="p1GuM9NlZ39AHAtsoEX+jun1RXQ=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAUrMKujXYGbCwTMBdIljA7OZuMmZ1dZmaFsOQJbCwUSSd2vo6db+PkUmjiDwMf/38Oc84JEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD48aOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxjeTvPmIyrNY3lvRgn6Ee1LHnJGjbVqzW6x5JbdmcgqeAso3XxOJu8AUO0Wvzq9mKURSsME1brtuYnxM6oMZwLHhU6qMaFsSPvYtihphNrPZoOOybl1eiSMlX3SkJn7uyOjkdajKLCVETUDvZxNzf+ydmrCaz/jMkkNSjb/KEwFMTGZbk16XCEzYmSBMsXtrIQNqKLM2NsU7BG85ZVXoXFZ9tyyV3NLlTOYKw8ncAoX4MEVVOAOqlAHBghP8AKvzoPz7Lw5k3lpzln0HMMfOR8/WN2Pcw==</latexit><latexit sha1_base64="KJP4pPpltJHJF0ODgpWiPJdw9kg=">AAAB6HicbZA9TwJBEIbn8AvxC7W02YgmVuTORjtJbCwhkY8ELmRvmYOVvb3L7p4JIfwCGwuNwdLOv2Pnv3EPKBR8k02evO9MdmaCRHBtXPfbya2tb2xu5bcLO7t7+wfFw6OGjlPFsM5iEatWQDUKLrFuuBHYShTSKBDYDIa3Wd58RKV5LO/NKEE/on3JQ86osVat2S2W3LI7E1kFbwGlm89ppvdqt/jV6cUsjVAaJqjWbc9NjD+mynAmcFLopBoTyoa0j22Lkkao/fFs0Ak5t06PhLGyTxoyc393jGmk9SgKbGVEzUAvZ5n5X9ZOTXjtj7lMUoOSzT8KU0FMTLKtSY8rZEaMLFCmuJ2VsAFVlBl7m4I9gre88io0LsueW/ZqbqlyBnPl4QRO4QI8uIIK3EEV6sAA4Qle4NV5cJ6dN2c6L805i55j+CPn4we2GpE4</latexit><latexit sha1_base64="KJP4pPpltJHJF0ODgpWiPJdw9kg=">AAAB6HicbZA9TwJBEIbn8AvxC7W02YgmVuTORjtJbCwhkY8ELmRvmYOVvb3L7p4JIfwCGwuNwdLOv2Pnv3EPKBR8k02evO9MdmaCRHBtXPfbya2tb2xu5bcLO7t7+wfFw6OGjlPFsM5iEatWQDUKLrFuuBHYShTSKBDYDIa3Wd58RKV5LO/NKEE/on3JQ86osVat2S2W3LI7E1kFbwGlm89ppvdqt/jV6cUsjVAaJqjWbc9NjD+mynAmcFLopBoTyoa0j22Lkkao/fFs0Ak5t06PhLGyTxoyc393jGmk9SgKbGVEzUAvZ5n5X9ZOTXjtj7lMUoOSzT8KU0FMTLKtSY8rZEaMLFCmuJ2VsAFVlBl7m4I9gre88io0LsueW/ZqbqlyBnPl4QRO4QI8uIIK3EEV6sAA4Qle4NV5cJ6dN2c6L805i55j+CPn4we2GpE4</latexit><latexit sha1_base64="ok86EeufLwGUvpMeOnqRI/i774Y=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRjTxRFoveiTx4hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVanUG15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5tMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroNci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXift67rn1r2WW2tcFHGU4QzO4Qo8uIEG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QOp74y5</latexit>

W ⇤
<latexit sha1_base64="O5DuYjWlybIN437DFdJ/qXe6yQ0=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GYyCWIRdG+0M2FhGNBdI1jA7mU2GzM4uM2eFsOQRbCyUYGNh4+vY+TZOLoUm/jDw8f/nMOecIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/ZuJUM15lsYx1I6CGS6F4FQVK3kg0p1EgeT3oX4/z+iPXRsTqHgcJ9yPaVSIUjKK17uoPZ+1C0S25E5FF8GZQvPocjd4BoNIufLU6MUsjrpBJakzTcxP0M6pRMMmH+VZqeEJZn3Z506KiETd+Nhl1SE6s0yFhrO1TSCbu746MRsYMosBWRhR7Zj4bm/9lzRTDSz8TKkmRKzb9KEwlwZiM9yYdoTlDObBAmRZ2VsJ6VFOG9jp5ewRvfuVFqJ2XPLfk3brF8jFMlYNDOIJT8OACynADFagCgy48wQu8OtJ5dkbO27R0yZn1HMAfOR8/ceKQDw==</latexit><latexit sha1_base64="0GbbQKPyrCZ4y7Rr/SpJ7LdWdMQ=">AAAB6nicbZA9TwJBEIbn/ET8Qi1tNqKJsSB3NtpJYmOJUT4SOMnessCGvb3L7pwJufATbCw0aGvj37Hz37gHFAq+ySZP3ncmOzNBLIVB1/12lpZXVtfWcxv5za3tnd3C3n7NRIlmvMoiGelGQA2XQvEqCpS8EWtOw0DyejC4zvL6I9dGROoehzH3Q9pToisYRWvd1R/O2oWiW3InIovgzaB49TnO9FZpF75anYglIVfIJDWm6bkx+inVKJjko3wrMTymbEB7vGlR0ZAbP52MOiIn1umQbqTtU0gm7u+OlIbGDMPAVoYU+2Y+y8z/smaC3Us/FSpOkCs2/aibSIIRyfYmHaE5Qzm0QJkWdlbC+lRThvY6eXsEb37lRaidlzy35N26xfIxTJWDQziCU/DgAspwAxWoAoMePMELvDrSeXbGzvu0dMmZ9RzAHzkfP88fkdQ=</latexit><latexit sha1_base64="0GbbQKPyrCZ4y7Rr/SpJ7LdWdMQ=">AAAB6nicbZA9TwJBEIbn/ET8Qi1tNqKJsSB3NtpJYmOJUT4SOMnessCGvb3L7pwJufATbCw0aGvj37Hz37gHFAq+ySZP3ncmOzNBLIVB1/12lpZXVtfWcxv5za3tnd3C3n7NRIlmvMoiGelGQA2XQvEqCpS8EWtOw0DyejC4zvL6I9dGROoehzH3Q9pToisYRWvd1R/O2oWiW3InIovgzaB49TnO9FZpF75anYglIVfIJDWm6bkx+inVKJjko3wrMTymbEB7vGlR0ZAbP52MOiIn1umQbqTtU0gm7u+OlIbGDMPAVoYU+2Y+y8z/smaC3Us/FSpOkCs2/aibSIIRyfYmHaE5Qzm0QJkWdlbC+lRThvY6eXsEb37lRaidlzy35N26xfIxTJWDQziCU/DgAspwAxWoAoMePMELvDrSeXbGzvu0dMmZ9RzAHzkfP88fkdQ=</latexit><latexit sha1_base64="cn4ierJHzviL8g8NFxNecaIjwEM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFqMgFuEujZYBG8uI5gOSM+xt9pIle3vH7pwQjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpn57SeujYjVA04S7kd0qEQoGEUr3bcfL/vlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52Sc6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjtZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5JWreq5Ve/OrdTP8jiKcAKncAEeXEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QPC9I1V</latexit>

H
<latexit sha1_base64="Rp2nbLVRq4CtvpxYiFvnQYdRbzo=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GYyCVdi10c6ATcoEzAWSJcxOziZjZmeXmVkhLHkCGwtF0omdr2Pn2zi5FJr4w8DH/5/DnHOCRHBtXPfbWVvf2Nzazu3kd/f2Dw4LR8cNHaeKYZ3FIlatgGoUXGLdcCOwlSikUSCwGQzvpnnzEZXmsbw3owT9iPYlDzmjxlq1SrdQdEvuTGQVvAUUbz8nk3cAqHYLX51ezNIIpWGCat323MT4GVWGM4HjfCfVmFA2pH1sW5Q0Qu1ns0HH5MI6PRLGyj5pyMz93ZHRSOtRFNjKiJqBXs6m5n9ZOzXhjZ9xmaQGJZt/FKaCmJhMtyY9rpAZMbJAmeJ2VsIGVFFm7G3y9gje8sqr0LgqeW7Jq7nF8jnMlYNTOINL8OAaylCBKtSBAcITvMCr8+A8O2/OZF665ix6TuCPnI8fQiGPZA==</latexit><latexit sha1_base64="GJDuPmPCR2uSFWhCHwP6Z2tOXVY=">AAAB6HicbZA9TwJBEIbn/ET8Qi1tNqKJFbmz0U4SG0pI5CMBQvaWOVjZ27vs7pmQC7/AxkJjsLTz79j5b9wDCgXfZJMn7zuTnRk/Flwb1/121tY3Nre2czv53b39g8PC0XFDR4liWGeRiFTLpxoFl1g33AhsxQpp6Ats+qO7LG8+otI8kvdmHGM3pAPJA86osVat0isU3ZI7E1kFbwHF289ppvdqr/DV6UcsCVEaJqjWbc+NTTelynAmcJLvJBpjykZ0gG2Lkoaou+ls0Am5sE6fBJGyTxoyc393pDTUehz6tjKkZqiXs8z8L2snJrjpplzGiUHJ5h8FiSAmItnWpM8VMiPGFihT3M5K2JAqyoy9Td4ewVteeRUaVyXPLXk1t1g+h7lycApncAkeXEMZKlCFOjBAeIIXeHUenGfnzZnOS9ecRc8J/JHz8QOfXpEp</latexit><latexit sha1_base64="GJDuPmPCR2uSFWhCHwP6Z2tOXVY=">AAAB6HicbZA9TwJBEIbn/ET8Qi1tNqKJFbmz0U4SG0pI5CMBQvaWOVjZ27vs7pmQC7/AxkJjsLTz79j5b9wDCgXfZJMn7zuTnRk/Flwb1/121tY3Nre2czv53b39g8PC0XFDR4liWGeRiFTLpxoFl1g33AhsxQpp6Ats+qO7LG8+otI8kvdmHGM3pAPJA86osVat0isU3ZI7E1kFbwHF289ppvdqr/DV6UcsCVEaJqjWbc+NTTelynAmcJLvJBpjykZ0gG2Lkoaou+ls0Am5sE6fBJGyTxoyc393pDTUehz6tjKkZqiXs8z8L2snJrjpplzGiUHJ5h8FiSAmItnWpM8VMiPGFihT3M5K2JAqyoy9Td4ewVteeRUaVyXPLXk1t1g+h7lycApncAkeXEMZKlCFOjBAeIIXeHUenGfnzZnOS9ecRc8J/JHz8QOfXpEp</latexit><latexit sha1_base64="6QHKTqs9QJVVSEQutlSupryctRk=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmI5pYkTsbLElsKCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0fuF3n1BpHssHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JtVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp3FY9t+q13Er9Ko+jCBdwCTfgQQ3q0IAmtIEBwjO8wpvz6Lw4787HqrXg5DPn8AfO5w+TM4yq</latexit>



30WH ASSOCIATED PRODUCTION

The probability to produce  a W and a Higgs boson

q0
<latexit sha1_base64="uxYDSlQTBXtr2FZb5VtjtrFqc7k=">AAAB73icbZC7SgNBFIbPxluMt6ilzWAUrMKujVoZsLGMYC6QxDA7OZsMmdndzMwKYclL2FgoYuvr2NnZ+hQ6uRSa+MPAx/+fw5xz/FhwbVz3w8ksLa+srmXXcxubW9s7+d29qo4SxbDCIhGpuk81Ch5ixXAjsB4rpNIXWPP7V+O8do9K8yi8NcMYW5J2Qx5wRo216oO7Zqy4xHa+4BbdicgieDMoXH5/XXwCQLmdf292IpZIDA0TVOuG58amlVJlOBM4yjUTjTFlfdrFhsWQStStdDLviBxbp0OCSNkXGjJxf3ekVGo9lL6tlNT09Hw2Nv/LGokJzlspD+PEYMimHwWJICYi4+VJhytkRgwtUKa4nZWwHlWUGXuinD2CN7/yIlRPi55b9G7cQukIpsrCARzCCXhwBiW4hjJUgIGAB3iCZ2fgPDovzuu0NOPMevbhj5y3H5GfkzA=</latexit><latexit sha1_base64="HY2M7uW66cFOgk0cMf7svQwBbfU=">AAAB73icbZC7TgMxEEVneYYQIEBJYxGQqKJdGqAiEg1lkMgDJUvkdbyJFdu7sb1I0So/QUMBQrT8Dh0FHwA/Ac6jgIQrWTq6d0aemSDmTBvXfXcWFpeWV1Yza9n13MbmVn57p6qjRBFaIRGPVD3AmnImacUww2k9VhSLgNNa0LsY5bU7qjSL5LUZxNQXuCNZyAg21qr3b5uxYoK28gW36I6F5sGbQuH8+/Ps6+MmV27l35rtiCSCSkM41rrhubHxU6wMI5wOs81E0xiTHu7QhkWJBdV+Op53iA6t00ZhpOyTBo3d3x0pFloPRGArBTZdPZuNzP+yRmLCUz9lMk4MlWTyUZhwZCI0Wh61maLE8IEFTBSzsyLSxQoTY0+UtUfwZleeh+px0XOL3pVbKB3ARBnYg304Ag9OoASXUIYKEOBwD4/w5PSdB+fZeZmULjjTnl34I+f1B04qlHw=</latexit><latexit sha1_base64="HY2M7uW66cFOgk0cMf7svQwBbfU=">AAAB73icbZC7TgMxEEVneYYQIEBJYxGQqKJdGqAiEg1lkMgDJUvkdbyJFdu7sb1I0So/QUMBQrT8Dh0FHwA/Ac6jgIQrWTq6d0aemSDmTBvXfXcWFpeWV1Yza9n13MbmVn57p6qjRBFaIRGPVD3AmnImacUww2k9VhSLgNNa0LsY5bU7qjSL5LUZxNQXuCNZyAg21qr3b5uxYoK28gW36I6F5sGbQuH8+/Ps6+MmV27l35rtiCSCSkM41rrhubHxU6wMI5wOs81E0xiTHu7QhkWJBdV+Op53iA6t00ZhpOyTBo3d3x0pFloPRGArBTZdPZuNzP+yRmLCUz9lMk4MlWTyUZhwZCI0Wh61maLE8IEFTBSzsyLSxQoTY0+UtUfwZleeh+px0XOL3pVbKB3ARBnYg304Ag9OoASXUIYKEOBwD4/w5PSdB+fZeZmULjjTnl34I+f1B04qlHw=</latexit><latexit sha1_base64="eqLihPaZuIRtv8pd22b+VxYXczw=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhSswp2NlgEbywjmA5Iz7G3mkiW7e5fdPSGE/AkbC0Vs/Tt2/hs3yRWa+GDg8d4MM/OiVHBjff/bW1vf2NzaLuwUd/f2Dw5LR8cNk2SaYZ0lItGtiBoUXGHdciuwlWqkMhLYjIa3M7/5hNrwRD3YcYqhpH3FY86odVJr9NhJNZfYLZX9ij8HWSVBTsqQo9YtfXV6CcskKssENaYd+KkNJ1RbzgROi53MYErZkPax7aiiEk04md87JRdO6ZE40a6UJXP198SESmPGMnKdktqBWfZm4n9eO7PxTTjhKs0sKrZYFGeC2ITMnic9rpFZMXaEMs3drYQNqKbMuoiKLoRg+eVV0riqBH4luPfL1fM8jgKcwhlcQgDXUIU7qEEdGAh4hld480bei/fufSxa17x85gT+wPv8AS1fj/A=</latexit>

q
<latexit sha1_base64="/JS3PXoVRMw8suVORGp4DUzgW9c=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAUrMKujVoZsLFMwFwgCWF2cjYZMzu7zswKYckT2FgoYusj2dnZ+hQ6uRSa+MPAx/+fw5xz/FhwbVz3w8ksLa+srmXXcxubW9s7+d29mo4SxbDKIhGphk81Ci6xargR2IgV0tAXWPcHV+O8fo9K80jemGGM7ZD2JA84o8ZalbtOvuAW3YnIIngzKFx+f118AkC5k39vdSOWhCgNE1TrpufGpp1SZTgTOMq1Eo0xZQPaw6ZFSUPU7XQy6IgcW6dLgkjZJw2ZuL87UhpqPQx9WxlS09fz2dj8L2smJjhvp1zGiUHJph8FiSAmIuOtSZcrZEYMLVCmuJ2VsD5VlBl7m5w9gje/8iLUToueW/QqbqF0BFNl4QAO4QQ8OIMSXEMZqsAA4QGe4Nm5dR6dF+d1WppxZj378EfO2w81ppAT</latexit><latexit sha1_base64="Sq0YL/NJ3CiMXVGen/dDWBeDR9I=">AAAB6HicbZC7SgNBFIbPeo0xatTSZjAKVmHXRq0M2FgmYC6SLGF2cjYZM3txZlYIS57AxkIRWx/JzsIH0JfQyaXQxB8GPv7/HOac48WCK23b79bC4tLyympmLbue29jcym/v1FSUSIZVFolINjyqUPAQq5prgY1YIg08gXWvfzHK63coFY/CKz2I0Q1oN+Q+Z1Qbq3Lbzhfsoj0WmQdnCoXz78+zr4/rXLmdf2t1IpYEGGomqFJNx461m1KpORM4zLYShTFlfdrFpsGQBqjcdDzokBwap0P8SJoXajJ2f3ekNFBqEHimMqC6p2azkflf1ky0f+qmPIwTjSGbfOQnguiIjLYmHS6RaTEwQJnkZlbCelRSps1tsuYIzuzK81A7Ljp20anYhdIBTJSBPdiHI3DgBEpwCWWoAgOEe3iEJ+vGerCerZdJ6YI17dmFP7JefwDyIpFf</latexit><latexit sha1_base64="Sq0YL/NJ3CiMXVGen/dDWBeDR9I=">AAAB6HicbZC7SgNBFIbPeo0xatTSZjAKVmHXRq0M2FgmYC6SLGF2cjYZM3txZlYIS57AxkIRWx/JzsIH0JfQyaXQxB8GPv7/HOac48WCK23b79bC4tLyympmLbue29jcym/v1FSUSIZVFolINjyqUPAQq5prgY1YIg08gXWvfzHK63coFY/CKz2I0Q1oN+Q+Z1Qbq3Lbzhfsoj0WmQdnCoXz78+zr4/rXLmdf2t1IpYEGGomqFJNx461m1KpORM4zLYShTFlfdrFpsGQBqjcdDzokBwap0P8SJoXajJ2f3ekNFBqEHimMqC6p2azkflf1ky0f+qmPIwTjSGbfOQnguiIjLYmHS6RaTEwQJnkZlbCelRSps1tsuYIzuzK81A7Ljp20anYhdIBTJSBPdiHI3DgBEpwCWWoAgOEe3iEJ+vGerCerZdJ6YI17dmFP7JefwDyIpFf</latexit><latexit sha1_base64="CRkgIOJFmDUY6Rvh2SLpjZaxXaI=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmI5pYkTsbLUlsLCGRjwQuZG+Zg5W9vWN3z4Rc+AU2Fhpj60+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/fbT6g0j+WDmSboR3QoecgZNVZqTPrlilt1FyDrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwFmpl2pMKBvTIXYtlTRC7WeLQ2fk0ioDEsbKljRkof6eyGik9TQKbGdEzUivenPxP6+bmvDWz7hMUoOSLReFqSAmJvOvyYArZEZMLaFMcXsrYSOqKDM2m5INwVt9eZ20rqueW/UabqV2kcdRhDM4hyvw4AZqcA91aAIDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/RV4zT</latexit> W

<latexit sha1_base64="p1GuM9NlZ39AHAtsoEX+jun1RXQ=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAUrMKujXYGbCwTMBdIljA7OZuMmZ1dZmaFsOQJbCwUSSd2vo6db+PkUmjiDwMf/38Oc84JEsG1cd1vJ7e2vrG5ld8u7Ozu7R8UD48aOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxjeTvPmIyrNY3lvRgn6Ee1LHnJGjbVqzW6x5JbdmcgqeAso3XxOJu8AUO0Wvzq9mKURSsME1brtuYnxM6oMZwLHhU6qMaFsSPvYtihphNrPZoOOybl1eiSMlX3SkJn7uyOjkdajKLCVETUDvZxNzf+ydmrCaz/jMkkNSjb/KEwFMTGZbk16XCEzYmSBMsXtrIQNqKLM2NsU7BG85ZVXoXFZ9tyyV3NLlTOYKw8ncAoX4MEVVOAOqlAHBghP8AKvzoPz7Lw5k3lpzln0HMMfOR8/WN2Pcw==</latexit><latexit sha1_base64="KJP4pPpltJHJF0ODgpWiPJdw9kg=">AAAB6HicbZA9TwJBEIbn8AvxC7W02YgmVuTORjtJbCwhkY8ELmRvmYOVvb3L7p4JIfwCGwuNwdLOv2Pnv3EPKBR8k02evO9MdmaCRHBtXPfbya2tb2xu5bcLO7t7+wfFw6OGjlPFsM5iEatWQDUKLrFuuBHYShTSKBDYDIa3Wd58RKV5LO/NKEE/on3JQ86osVat2S2W3LI7E1kFbwGlm89ppvdqt/jV6cUsjVAaJqjWbc9NjD+mynAmcFLopBoTyoa0j22Lkkao/fFs0Ak5t06PhLGyTxoyc393jGmk9SgKbGVEzUAvZ5n5X9ZOTXjtj7lMUoOSzT8KU0FMTLKtSY8rZEaMLFCmuJ2VsAFVlBl7m4I9gre88io0LsueW/ZqbqlyBnPl4QRO4QI8uIIK3EEV6sAA4Qle4NV5cJ6dN2c6L805i55j+CPn4we2GpE4</latexit><latexit sha1_base64="KJP4pPpltJHJF0ODgpWiPJdw9kg=">AAAB6HicbZA9TwJBEIbn8AvxC7W02YgmVuTORjtJbCwhkY8ELmRvmYOVvb3L7p4JIfwCGwuNwdLOv2Pnv3EPKBR8k02evO9MdmaCRHBtXPfbya2tb2xu5bcLO7t7+wfFw6OGjlPFsM5iEatWQDUKLrFuuBHYShTSKBDYDIa3Wd58RKV5LO/NKEE/on3JQ86osVat2S2W3LI7E1kFbwGlm89ppvdqt/jV6cUsjVAaJqjWbc9NjD+mynAmcFLopBoTyoa0j22Lkkao/fFs0Ak5t06PhLGyTxoyc393jGmk9SgKbGVEzUAvZ5n5X9ZOTXjtj7lMUoOSzT8KU0FMTLKtSY8rZEaMLFCmuJ2VsAFVlBl7m4I9gre88io0LsueW/ZqbqlyBnPl4QRO4QI8uIIK3EEV6sAA4Qle4NV5cJ6dN2c6L805i55j+CPn4we2GpE4</latexit><latexit sha1_base64="ok86EeufLwGUvpMeOnqRI/i774Y=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRjTxRFoveiTx4hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVanUG15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5tMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroNci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXift67rn1r2WW2tcFHGU4QzO4Qo8uIEG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QOp74y5</latexit>

W ⇤
<latexit sha1_base64="O5DuYjWlybIN437DFdJ/qXe6yQ0=">AAAB6nicbZC7SgNBFIbPeo3xFrW0GYyCWIRdG+0M2FhGNBdI1jA7mU2GzM4uM2eFsOQRbCyUYGNh4+vY+TZOLoUm/jDw8f/nMOecIJHCoOt+O0vLK6tr67mN/ObW9s5uYW+/ZuJUM15lsYx1I6CGS6F4FQVK3kg0p1EgeT3oX4/z+iPXRsTqHgcJ9yPaVSIUjKK17uoPZ+1C0S25E5FF8GZQvPocjd4BoNIufLU6MUsjrpBJakzTcxP0M6pRMMmH+VZqeEJZn3Z506KiETd+Nhl1SE6s0yFhrO1TSCbu746MRsYMosBWRhR7Zj4bm/9lzRTDSz8TKkmRKzb9KEwlwZiM9yYdoTlDObBAmRZ2VsJ6VFOG9jp5ewRvfuVFqJ2XPLfk3brF8jFMlYNDOIJT8OACynADFagCgy48wQu8OtJ5dkbO27R0yZn1HMAfOR8/ceKQDw==</latexit><latexit sha1_base64="0GbbQKPyrCZ4y7Rr/SpJ7LdWdMQ=">AAAB6nicbZA9TwJBEIbn/ET8Qi1tNqKJsSB3NtpJYmOJUT4SOMnessCGvb3L7pwJufATbCw0aGvj37Hz37gHFAq+ySZP3ncmOzNBLIVB1/12lpZXVtfWcxv5za3tnd3C3n7NRIlmvMoiGelGQA2XQvEqCpS8EWtOw0DyejC4zvL6I9dGROoehzH3Q9pToisYRWvd1R/O2oWiW3InIovgzaB49TnO9FZpF75anYglIVfIJDWm6bkx+inVKJjko3wrMTymbEB7vGlR0ZAbP52MOiIn1umQbqTtU0gm7u+OlIbGDMPAVoYU+2Y+y8z/smaC3Us/FSpOkCs2/aibSIIRyfYmHaE5Qzm0QJkWdlbC+lRThvY6eXsEb37lRaidlzy35N26xfIxTJWDQziCU/DgAspwAxWoAoMePMELvDrSeXbGzvu0dMmZ9RzAHzkfP88fkdQ=</latexit><latexit sha1_base64="0GbbQKPyrCZ4y7Rr/SpJ7LdWdMQ=">AAAB6nicbZA9TwJBEIbn/ET8Qi1tNqKJsSB3NtpJYmOJUT4SOMnessCGvb3L7pwJufATbCw0aGvj37Hz37gHFAq+ySZP3ncmOzNBLIVB1/12lpZXVtfWcxv5za3tnd3C3n7NRIlmvMoiGelGQA2XQvEqCpS8EWtOw0DyejC4zvL6I9dGROoehzH3Q9pToisYRWvd1R/O2oWiW3InIovgzaB49TnO9FZpF75anYglIVfIJDWm6bkx+inVKJjko3wrMTymbEB7vGlR0ZAbP52MOiIn1umQbqTtU0gm7u+OlIbGDMPAVoYU+2Y+y8z/smaC3Us/FSpOkCs2/aibSIIRyfYmHaE5Qzm0QJkWdlbC+lRThvY6eXsEb37lRaidlzy35N26xfIxTJWDQziCU/DgAspwAxWoAoMePMELvDrSeXbGzvu0dMmZ9RzAHzkfP88fkdQ=</latexit><latexit sha1_base64="cn4ierJHzviL8g8NFxNecaIjwEM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFqMgFuEujZYBG8uI5gOSM+xt9pIle3vH7pwQjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpn57SeujYjVA04S7kd0qEQoGEUr3bcfL/vlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52Sc6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjtZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5JWreq5Ve/OrdTP8jiKcAKncAEeXEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QPC9I1V</latexit>

H
<latexit sha1_base64="Rp2nbLVRq4CtvpxYiFvnQYdRbzo=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GYyCVdi10c6ATcoEzAWSJcxOziZjZmeXmVkhLHkCGwtF0omdr2Pn2zi5FJr4w8DH/5/DnHOCRHBtXPfbWVvf2Nzazu3kd/f2Dw4LR8cNHaeKYZ3FIlatgGoUXGLdcCOwlSikUSCwGQzvpnnzEZXmsbw3owT9iPYlDzmjxlq1SrdQdEvuTGQVvAUUbz8nk3cAqHYLX51ezNIIpWGCat323MT4GVWGM4HjfCfVmFA2pH1sW5Q0Qu1ns0HH5MI6PRLGyj5pyMz93ZHRSOtRFNjKiJqBXs6m5n9ZOzXhjZ9xmaQGJZt/FKaCmJhMtyY9rpAZMbJAmeJ2VsIGVFFm7G3y9gje8sqr0LgqeW7Jq7nF8jnMlYNTOINL8OAaylCBKtSBAcITvMCr8+A8O2/OZF665ix6TuCPnI8fQiGPZA==</latexit><latexit sha1_base64="GJDuPmPCR2uSFWhCHwP6Z2tOXVY=">AAAB6HicbZA9TwJBEIbn/ET8Qi1tNqKJFbmz0U4SG0pI5CMBQvaWOVjZ27vs7pmQC7/AxkJjsLTz79j5b9wDCgXfZJMn7zuTnRk/Flwb1/121tY3Nre2czv53b39g8PC0XFDR4liWGeRiFTLpxoFl1g33AhsxQpp6Ats+qO7LG8+otI8kvdmHGM3pAPJA86osVat0isU3ZI7E1kFbwHF289ppvdqr/DV6UcsCVEaJqjWbc+NTTelynAmcJLvJBpjykZ0gG2Lkoaou+ls0Am5sE6fBJGyTxoyc393pDTUehz6tjKkZqiXs8z8L2snJrjpplzGiUHJ5h8FiSAmItnWpM8VMiPGFihT3M5K2JAqyoy9Td4ewVteeRUaVyXPLXk1t1g+h7lycApncAkeXEMZKlCFOjBAeIIXeHUenGfnzZnOS9ecRc8J/JHz8QOfXpEp</latexit><latexit sha1_base64="GJDuPmPCR2uSFWhCHwP6Z2tOXVY=">AAAB6HicbZA9TwJBEIbn/ET8Qi1tNqKJFbmz0U4SG0pI5CMBQvaWOVjZ27vs7pmQC7/AxkJjsLTz79j5b9wDCgXfZJMn7zuTnRk/Flwb1/121tY3Nre2czv53b39g8PC0XFDR4liWGeRiFTLpxoFl1g33AhsxQpp6Ats+qO7LG8+otI8kvdmHGM3pAPJA86osVat0isU3ZI7E1kFbwHF289ppvdqr/DV6UcsCVEaJqjWbc+NTTelynAmcJLvJBpjykZ0gG2Lkoaou+ls0Am5sE6fBJGyTxoyc393pDTUehz6tjKkZqiXs8z8L2snJrjpplzGiUHJ5h8FiSAmItnWpM8VMiPGFihT3M5K2JAqyoy9Td4ewVteeRUaVyXPLXk1t1g+h7lycApncAkeXEMZKlCFOjBAeIIXeHUenGfnzZnOS9ecRc8J/JHz8QOfXpEp</latexit><latexit sha1_base64="6QHKTqs9QJVVSEQutlSupryctRk=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmI5pYkTsbLElsKCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0fuF3n1BpHssHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JtVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp3FY9t+q13Er9Ko+jCBdwCTfgQQ3q0IAmtIEBwjO8wpvz6Lw4787HqrXg5DPn8AfO5w+TM4yq</latexit>

▸ Non-trivial decay matrix element: 
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▸ Qualitatively similar 
to CCDY. 

▸ No overlap of scale 
variation bands in 
first bin. 

▸ Inclusive Cross 
Section: 
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▸ Very similar corrections for 
CC and NC DY cross 
sections. 

▸ Gap at ~ 100 GeV of  
NNLO and N3LO bands. 

[Duhr, Dulat, BM: CCDY]
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[Duhr, Dulat, BM: CCDY]

[Duhr, Dulat, BM: NCDY] +ToAppear

W+

W-

Neutral Current DY

CHARGED CURRENT DY PRODUCTION

https://arxiv.org/pdf/2007.13313.pdf
https://arxiv.org/pdf/2007.13313.pdf
https://arxiv.org/pdf/2001.07717.pdf


P
<latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit>

P
<latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit><latexit sha1_base64="4fLVmpxMEsUPMXRqkFcV8/BKs8E=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2LuufWvdZlrXFT1FGGEziFc/DgChpwB01oAwOEZ3iFN+fReXHenY9FtOQUM8fwB87nD6mZjNQ=</latexit>

�
<latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit>

d�̂

dQ2
<latexit sha1_base64="dv+9Otw18Ri2sxxOG/6+Mp2DjIA=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSlIEXRbduGzBPqCJZTKZtEMnD2ZuxBLyB278FTcuFHHr1p1/47QNoq0HLhzOuZd77/ESwRVY1pextLyyurZe2ihvbm3v7Jp7+20Vp5KyFo1FLLseUUzwiLWAg2DdRDISeoJ1vNHVxO/cMal4HN3AOGFuSAYRDzgloKW+eeIEktDMAXYPmZ87QwKO4oOQ5D9a87aW982KVbWmwIvELkgFFWj0zU/Hj2kasgioIEr1bCsBNyMSOBUsLzupYgmhIzJgPU0jEjLlZtN/cnysFR8HsdQVAZ6qvycyEio1Dj3dGRIYqnlvIv7n9VIILtyMR0kKLKKzRUEqMMR4Eg72uWQUxFgTQiXXt2I6JDog0BGWdQj2/MuLpF2r2lbVbp5V6pdFHCV0iI7QKbLROaqja9RALUTRA3pCL+jVeDSejTfjfda6ZBQzB+gPjI9vGTCd8A==</latexit><latexit sha1_base64="dv+9Otw18Ri2sxxOG/6+Mp2DjIA=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSlIEXRbduGzBPqCJZTKZtEMnD2ZuxBLyB278FTcuFHHr1p1/47QNoq0HLhzOuZd77/ESwRVY1pextLyyurZe2ihvbm3v7Jp7+20Vp5KyFo1FLLseUUzwiLWAg2DdRDISeoJ1vNHVxO/cMal4HN3AOGFuSAYRDzgloKW+eeIEktDMAXYPmZ87QwKO4oOQ5D9a87aW982KVbWmwIvELkgFFWj0zU/Hj2kasgioIEr1bCsBNyMSOBUsLzupYgmhIzJgPU0jEjLlZtN/cnysFR8HsdQVAZ6qvycyEio1Dj3dGRIYqnlvIv7n9VIILtyMR0kKLKKzRUEqMMR4Eg72uWQUxFgTQiXXt2I6JDog0BGWdQj2/MuLpF2r2lbVbp5V6pdFHCV0iI7QKbLROaqja9RALUTRA3pCL+jVeDSejTfjfda6ZBQzB+gPjI9vGTCd8A==</latexit><latexit sha1_base64="dv+9Otw18Ri2sxxOG/6+Mp2DjIA=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSlIEXRbduGzBPqCJZTKZtEMnD2ZuxBLyB278FTcuFHHr1p1/47QNoq0HLhzOuZd77/ESwRVY1pextLyyurZe2ihvbm3v7Jp7+20Vp5KyFo1FLLseUUzwiLWAg2DdRDISeoJ1vNHVxO/cMal4HN3AOGFuSAYRDzgloKW+eeIEktDMAXYPmZ87QwKO4oOQ5D9a87aW982KVbWmwIvELkgFFWj0zU/Hj2kasgioIEr1bCsBNyMSOBUsLzupYgmhIzJgPU0jEjLlZtN/cnysFR8HsdQVAZ6qvycyEio1Dj3dGRIYqnlvIv7n9VIILtyMR0kKLKKzRUEqMMR4Eg72uWQUxFgTQiXXt2I6JDog0BGWdQj2/MuLpF2r2lbVbp5V6pdFHCV0iI7QKbLROaqja9RALUTRA3pCL+jVeDSejTfjfda6ZBQzB+gPjI9vGTCd8A==</latexit><latexit sha1_base64="dv+9Otw18Ri2sxxOG/6+Mp2DjIA=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSlIEXRbduGzBPqCJZTKZtEMnD2ZuxBLyB278FTcuFHHr1p1/47QNoq0HLhzOuZd77/ESwRVY1pextLyyurZe2ihvbm3v7Jp7+20Vp5KyFo1FLLseUUzwiLWAg2DdRDISeoJ1vNHVxO/cMal4HN3AOGFuSAYRDzgloKW+eeIEktDMAXYPmZ87QwKO4oOQ5D9a87aW982KVbWmwIvELkgFFWj0zU/Hj2kasgioIEr1bCsBNyMSOBUsLzupYgmhIzJgPU0jEjLlZtN/cnysFR8HsdQVAZ6qvycyEio1Dj3dGRIYqnlvIv7n9VIILtyMR0kKLKKzRUEqMMR4Eg72uWQUxFgTQiXXt2I6JDog0BGWdQj2/MuLpF2r2lbVbp5V6pdFHCV0iI7QKbLROaqja9RALUTRA3pCL+jVeDSejTfjfda6ZBQzB+gPjI9vGTCd8A==</latexit>

i

Q2 �M2 + iM�
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f
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33CONCLUSIONS - THE EMERGING N3LO PICTURE
Inclusive Cross Sections at N3LO:
▸ Framework to compute 

inclusive cross sections 
at N3LO in QCD 
perturbation theory. 

▸ Applied to several 
processes:

★ ggF Higgs 

★ Bottom quark fusion Higgs 

★ Neutral Current DY 

★ Charged Current DY 

★ Associated Higgs boson production

��N3LO

�NNLO
<latexit sha1_base64="nCiGybuTV8SUecWdKJ1frnbWxO4=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXEhJVNBl0Y0LqRXsBZoQJpNJO3QmCTMToYS8hBtfxY0LRdwK7nwbp21Abf1h4Oc753Dm/H7CqFSW9WWUFhaXllfKq5W19Y3NLXN7py3jVGDSwjGLRddHkjAakZaiipFuIgjiPiMdf3g5rnfuiZA0ju7UKCEuR/2IhhQjpZFnHjmhQDhzAsIUgo6kfY68rHFyfZPDPPsBDQ1yz6xaNWsiOG/swlRBoaZnfjpBjFNOIoUZkrJnW4lyMyQUxYzkFSeVJEF4iPqkp22EOJFuNrkqhweaBDCMhX6RghP6eyJDXMoR93UnR2ogZ2tj+F+tl6rw3M1olKSKRHi6KEwZVDEcRwQDKghWbKQNwoLqv0I8QDompYOs6BDs2ZPnTfu4Zls1+/a0Wr8o4iiDPbAPDoENzkAdXIEmaAEMHsATeAGvxqPxbLwZ79PWklHM7II/Mj6+AVybnuw=</latexit><latexit sha1_base64="nCiGybuTV8SUecWdKJ1frnbWxO4=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXEhJVNBl0Y0LqRXsBZoQJpNJO3QmCTMToYS8hBtfxY0LRdwK7nwbp21Abf1h4Oc753Dm/H7CqFSW9WWUFhaXllfKq5W19Y3NLXN7py3jVGDSwjGLRddHkjAakZaiipFuIgjiPiMdf3g5rnfuiZA0ju7UKCEuR/2IhhQjpZFnHjmhQDhzAsIUgo6kfY68rHFyfZPDPPsBDQ1yz6xaNWsiOG/swlRBoaZnfjpBjFNOIoUZkrJnW4lyMyQUxYzkFSeVJEF4iPqkp22EOJFuNrkqhweaBDCMhX6RghP6eyJDXMoR93UnR2ogZ2tj+F+tl6rw3M1olKSKRHi6KEwZVDEcRwQDKghWbKQNwoLqv0I8QDompYOs6BDs2ZPnTfu4Zls1+/a0Wr8o4iiDPbAPDoENzkAdXIEmaAEMHsATeAGvxqPxbLwZ79PWklHM7II/Mj6+AVybnuw=</latexit><latexit sha1_base64="nCiGybuTV8SUecWdKJ1frnbWxO4=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXEhJVNBl0Y0LqRXsBZoQJpNJO3QmCTMToYS8hBtfxY0LRdwK7nwbp21Abf1h4Oc753Dm/H7CqFSW9WWUFhaXllfKq5W19Y3NLXN7py3jVGDSwjGLRddHkjAakZaiipFuIgjiPiMdf3g5rnfuiZA0ju7UKCEuR/2IhhQjpZFnHjmhQDhzAsIUgo6kfY68rHFyfZPDPPsBDQ1yz6xaNWsiOG/swlRBoaZnfjpBjFNOIoUZkrJnW4lyMyQUxYzkFSeVJEF4iPqkp22EOJFuNrkqhweaBDCMhX6RghP6eyJDXMoR93UnR2ogZ2tj+F+tl6rw3M1olKSKRHi6KEwZVDEcRwQDKghWbKQNwoLqv0I8QDompYOs6BDs2ZPnTfu4Zls1+/a0Wr8o4iiDPbAPDoENzkAdXIEmaAEMHsATeAGvxqPxbLwZ79PWklHM7II/Mj6+AVybnuw=</latexit><latexit sha1_base64="nCiGybuTV8SUecWdKJ1frnbWxO4=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXEhJVNBl0Y0LqRXsBZoQJpNJO3QmCTMToYS8hBtfxY0LRdwK7nwbp21Abf1h4Oc753Dm/H7CqFSW9WWUFhaXllfKq5W19Y3NLXN7py3jVGDSwjGLRddHkjAakZaiipFuIgjiPiMdf3g5rnfuiZA0ju7UKCEuR/2IhhQjpZFnHjmhQDhzAsIUgo6kfY68rHFyfZPDPPsBDQ1yz6xaNWsiOG/swlRBoaZnfjpBjFNOIoUZkrJnW4lyMyQUxYzkFSeVJEF4iPqkp22EOJFuNrkqhweaBDCMhX6RghP6eyJDXMoR93UnR2ogZ2tj+F+tl6rw3M1olKSKRHi6KEwZVDEcRwQDKghWbKQNwoLqv0I8QDompYOs6BDs2ZPnTfu4Zls1+/a0Wr8o4iiDPbAPDoENzkAdXIEmaAEMHsATeAGvxqPxbLwZ79PWklHM7II/Mj6+AVybnuw=</latexit>

3.5%
<latexit sha1_base64="Z/AXCCnETRW7oed4l0ZF7bGUPjA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CZaCp2VXK3osevFYwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf2D8uFRS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTsc38789hNVmknxYCYJDWI8FCxiBBsrtS7cS9Sr9ssVz/XmQKvEz0kFcjT65a/eQJI0psIQjrXu+l5iggwrwwin01Iv1TTBZIyHtGupwDHVQTa/doqqVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qousgYyJJDRVksShKOTISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI/vLLq6R17vqe69/XKvWbPI4inMApnIEPV1CHO2hAEwg8wjO8wpsjnRfn3flYtBacfOYY/sD5/AHDTY3t</latexit><latexit sha1_base64="Z/AXCCnETRW7oed4l0ZF7bGUPjA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CZaCp2VXK3osevFYwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf2D8uFRS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTsc38789hNVmknxYCYJDWI8FCxiBBsrtS7cS9Sr9ssVz/XmQKvEz0kFcjT65a/eQJI0psIQjrXu+l5iggwrwwin01Iv1TTBZIyHtGupwDHVQTa/doqqVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qousgYyJJDRVksShKOTISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI/vLLq6R17vqe69/XKvWbPI4inMApnIEPV1CHO2hAEwg8wjO8wpsjnRfn3flYtBacfOYY/sD5/AHDTY3t</latexit><latexit sha1_base64="Z/AXCCnETRW7oed4l0ZF7bGUPjA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CZaCp2VXK3osevFYwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf2D8uFRS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTsc38789hNVmknxYCYJDWI8FCxiBBsrtS7cS9Sr9ssVz/XmQKvEz0kFcjT65a/eQJI0psIQjrXu+l5iggwrwwin01Iv1TTBZIyHtGupwDHVQTa/doqqVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qousgYyJJDRVksShKOTISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI/vLLq6R17vqe69/XKvWbPI4inMApnIEPV1CHO2hAEwg8wjO8wpsjnRfn3flYtBacfOYY/sD5/AHDTY3t</latexit><latexit sha1_base64="Z/AXCCnETRW7oed4l0ZF7bGUPjA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CZaCp2VXK3osevFYwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf2D8uFRS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTsc38789hNVmknxYCYJDWI8FCxiBBsrtS7cS9Sr9ssVz/XmQKvEz0kFcjT65a/eQJI0psIQjrXu+l5iggwrwwin01Iv1TTBZIyHtGupwDHVQTa/doqqVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qousgYyJJDRVksShKOTISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI/vLLq6R17vqe69/XKvWbPI4inMApnIEPV1CHO2hAEwg8wjO8wpsjnRfn3flYtBacfOYY/sD5/AHDTY3t</latexit>

�1.4%
<latexit sha1_base64="xERCI+X7ebPBNusaWVnU8E5rkrs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LJaCF0siBT0WvXisYD+gDWWznbRLN5uwuxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mmmCfkRHkoecUWOlzqVXq5N+dVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4d0aqVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhDd+xmWSGpRsuShMBTExmf9OhlwhM2JqCWWK21sJG1NFmbEJlWwI3urL66R9VfPcmvdQrzRu8ziKcAbncAEeXEMD7qEJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wco844h</latexit><latexit sha1_base64="xERCI+X7ebPBNusaWVnU8E5rkrs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LJaCF0siBT0WvXisYD+gDWWznbRLN5uwuxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mmmCfkRHkoecUWOlzqVXq5N+dVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4d0aqVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhDd+xmWSGpRsuShMBTExmf9OhlwhM2JqCWWK21sJG1NFmbEJlWwI3urL66R9VfPcmvdQrzRu8ziKcAbncAEeXEMD7qEJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wco844h</latexit><latexit sha1_base64="xERCI+X7ebPBNusaWVnU8E5rkrs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LJaCF0siBT0WvXisYD+gDWWznbRLN5uwuxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mmmCfkRHkoecUWOlzqVXq5N+dVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4d0aqVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhDd+xmWSGpRsuShMBTExmf9OhlwhM2JqCWWK21sJG1NFmbEJlWwI3urL66R9VfPcmvdQrzRu8ziKcAbncAEeXEMD7qEJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wco844h</latexit><latexit sha1_base64="xERCI+X7ebPBNusaWVnU8E5rkrs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LJaCF0siBT0WvXisYD+gDWWznbRLN5uwuxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mmmCfkRHkoecUWOlzqVXq5N+dVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4d0aqVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhDd+xmWSGpRsuShMBTExmf9OhlwhM2JqCWWK21sJG1NFmbEJlWwI3urL66R9VfPcmvdQrzRu8ziKcAbncAEeXEMD7qEJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wco844h</latexit>

�1.6%
<latexit sha1_base64="UfJJxfQDZ7fbNTbXivPnWMxL6b4=">AAAB7nicbZC7SgNBFIbPeo3xFrW0GYwBG5ddC7URA1pYRjAXSJYwOzmbDJmdXWZmhRDyEDYWitj6PHa+gw/h5FJo4g8DH/9/DnPOCVPBtfG8L2dpeWV1bT23kd/c2t7ZLezt13SSKYZVlohENUKqUXCJVcONwEaqkMahwHrYvxnn9UdUmifywQxSDGLalTzijBpr1U9995y0Su1C0XO9icgi+DMoXn/fXpUBoNIufLY6CctilIYJqnXT91ITDKkynAkc5VuZxpSyPu1i06KkMepgOBl3RErW6ZAoUfZJQybu744hjbUexKGtjKnp6flsbP6XNTMTXQZDLtPMoGTTj6JMEJOQ8e6kwxUyIwYWKFPczkpYjyrKjL1Q3h7Bn195EWpnru+5/r1XLB/DVDk4hCM4AR8uoAx3UIEqMOjDE7zAq5M6z86b8z4tXXJmPQfwR87HD7t+j+0=</latexit><latexit sha1_base64="1qphj9rlZ3/SHmCPaKLeXqdS+PQ=">AAAB7nicbZC7SgNBFIbPxluMt6ilzWAM2LjsWqiNGFDEMoK5QLKE2clsMuzs7DIzK4QlD2FjoYittY9i5zv4AJZOLoUm/jDw8f/nMOccP+FMacf5tHILi0vLK/nVwtr6xuZWcXunruJUElojMY9l08eKciZoTTPNaTORFEc+pw0/vBzljXsqFYvFnR4k1ItwT7CAEayN1Thy7RPULneKJcd2xkLz4E6hdPF1dX79Hn5XO8WPdjcmaUSFJhwr1XKdRHsZlpoRToeFdqpogkmIe7RlUOCIKi8bjztEZeN0URBL84RGY/d3R4YjpQaRbyojrPtqNhuZ/2WtVAdnXsZEkmoqyOSjIOVIx2i0O+oySYnmAwOYSGZmRaSPJSbaXKhgjuDOrjwP9WPbdWz31ilVDmCiPOzBPhyCC6dQgRuoQg0IhPAAT/BsJdaj9WK9Tkpz1rRnF/7IevsBi4OSCA==</latexit><latexit sha1_base64="1qphj9rlZ3/SHmCPaKLeXqdS+PQ=">AAAB7nicbZC7SgNBFIbPxluMt6ilzWAM2LjsWqiNGFDEMoK5QLKE2clsMuzs7DIzK4QlD2FjoYittY9i5zv4AJZOLoUm/jDw8f/nMOccP+FMacf5tHILi0vLK/nVwtr6xuZWcXunruJUElojMY9l08eKciZoTTPNaTORFEc+pw0/vBzljXsqFYvFnR4k1ItwT7CAEayN1Thy7RPULneKJcd2xkLz4E6hdPF1dX79Hn5XO8WPdjcmaUSFJhwr1XKdRHsZlpoRToeFdqpogkmIe7RlUOCIKi8bjztEZeN0URBL84RGY/d3R4YjpQaRbyojrPtqNhuZ/2WtVAdnXsZEkmoqyOSjIOVIx2i0O+oySYnmAwOYSGZmRaSPJSbaXKhgjuDOrjwP9WPbdWz31ilVDmCiPOzBPhyCC6dQgRuoQg0IhPAAT/BsJdaj9WK9Tkpz1rRnF/7IevsBi4OSCA==</latexit><latexit sha1_base64="CzhLK5j332Ck117uODEYcOYuNWY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxVrwYkg8qMeCF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+nbX1jc2t7dJOeXdv/+CwcnTcMkmmGW+yRCa6E1LDpVC8iQIl76Sa0ziUvB2O72Z++4lrIxL1iJOUBzEdKhEJRtFK7UvfvSa9Wr9S9VxvDrJK/IJUoUCjX/nqDRKWxVwhk9SYru+lGORUo2CST8u9zPCUsjEd8q6lisbcBPn83CmpWWVAokTbUkjm6u+JnMbGTOLQdsYUR2bZm4n/ed0Mo9sgFyrNkCu2WBRlkmBCZr+TgdCcoZxYQpkW9lbCRlRThjahsg3BX355lbSuXN9z/QevWj8v4ijBKZzBBfhwA3W4hwY0gcEYnuEV3pzUeXHenY9F65pTzJzAHzifPyG7jgE=</latexit>

�2.1%
<latexit sha1_base64="Y7T2i+V/hG2sc1NYEbQDHrFfiWY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBmPAi2HXi17EgB48RjAPSJYwO+lNhszOLjOzQljyEV48KOLV7/HmP/gRTh4HTSxoKKq66e4KEsG1cd0vJ7eyura+kd8sbG3v7O4V9w8aOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxjeTPzmIyrNY/lgRgn6Ee1LHnJGjZWaZ+cVj3TK3WLJrbhTkGXizUnp+vv2qgoAtW7xs9OLWRqhNExQrduemxg/o8pwJnBc6KQaE8qGtI9tSyWNUPvZ9NwxKVulR8JY2ZKGTNXfExmNtB5Fge2MqBnoRW8i/ue1UxNe+hmXSWpQstmiMBXExGTyO+lxhcyIkSWUKW5vJWxAFWXGJlSwIXiLLy+Thk3MrXj3bql6AjPk4QiO4RQ8uIAq3EEN6sBgCE/wAq9O4jw7b877rDXnzGcO4Q+cjx+1ZI/p</latexit><latexit sha1_base64="A6Z90qllqPMjteIZCmnXHLaCt4Q=">AAAB7nicbVC7SgNBFL3rM8ZX1NJmMAZsDLs22ogBRSwjmAckS5idzCbDzswuM7NCWPIRNhaK2Fr7KXb+gx9g6eRRaOKBC4dz7uXee4KEM21c99NZWFxaXlnNreXXNza3tgs7u3Udp4rQGol5rJoB1pQzSWuGGU6biaJYBJw2guhy5DfuqdIslndmkFBf4J5kISPYWKlxfFL2ULvUKRTdsjsGmifelBQvvq7Or9+j72qn8NHuxiQVVBrCsdYtz02Mn2FlGOF0mG+nmiaYRLhHW5ZKLKj2s/G5Q1SySheFsbIlDRqrvycyLLQeiMB2Cmz6etYbif95rdSEZ37GZJIaKslkUZhyZGI0+h11maLE8IElmChmb0WkjxUmxiaUtyF4sy/Pk7pNzC17t26xcggT5GAfDuAIPDiFCtxAFWpAIIIHeIJnJ3EenRfnddK64Exn9uAPnLcfhWmSBA==</latexit><latexit sha1_base64="A6Z90qllqPMjteIZCmnXHLaCt4Q=">AAAB7nicbVC7SgNBFL3rM8ZX1NJmMAZsDLs22ogBRSwjmAckS5idzCbDzswuM7NCWPIRNhaK2Fr7KXb+gx9g6eRRaOKBC4dz7uXee4KEM21c99NZWFxaXlnNreXXNza3tgs7u3Udp4rQGol5rJoB1pQzSWuGGU6biaJYBJw2guhy5DfuqdIslndmkFBf4J5kISPYWKlxfFL2ULvUKRTdsjsGmifelBQvvq7Or9+j72qn8NHuxiQVVBrCsdYtz02Mn2FlGOF0mG+nmiaYRLhHW5ZKLKj2s/G5Q1SySheFsbIlDRqrvycyLLQeiMB2Cmz6etYbif95rdSEZ37GZJIaKslkUZhyZGI0+h11maLE8IElmChmb0WkjxUmxiaUtyF4sy/Pk7pNzC17t26xcggT5GAfDuAIPDiFCtxAFWpAIIIHeIJnJ3EenRfnddK64Exn9uAPnLcfhWmSBA==</latexit><latexit sha1_base64="R4xx4McSuWaQVm30zPCvFtUgl8k=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LNaCF0viRY8FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZqDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fiko+NUMWyzWMSqF1CNgktsG24E9hKFNAoEdoPp3cLvPqHSPJaPZpagH9Gx5CFn1Fipe3Xd8MigPqzW3Iabg6wTryA1KNAaVr8Go5ilEUrDBNW677mJ8TOqDGcC55VBqjGhbErH2LdU0gi1n+XnzkndKiMSxsqWNCRXf09kNNJ6FgW2M6Jmole9hfif109NeOtnXCapQcmWi8JUEBOTxe9kxBUyI2aWUKa4vZWwCVWUGZtQxYbgrb68Tjo2MbfhPbi15kURRxnO4BwuwYMbaMI9tKANDKbwDK/w5iTOi/PufCxbS04xcwp/4Hz+ABuhjf0=</latexit>

�2.1%
<latexit sha1_base64="Y7T2i+V/hG2sc1NYEbQDHrFfiWY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBmPAi2HXi17EgB48RjAPSJYwO+lNhszOLjOzQljyEV48KOLV7/HmP/gRTh4HTSxoKKq66e4KEsG1cd0vJ7eyura+kd8sbG3v7O4V9w8aOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxjeTPzmIyrNY/lgRgn6Ee1LHnJGjZWaZ+cVj3TK3WLJrbhTkGXizUnp+vv2qgoAtW7xs9OLWRqhNExQrduemxg/o8pwJnBc6KQaE8qGtI9tSyWNUPvZ9NwxKVulR8JY2ZKGTNXfExmNtB5Fge2MqBnoRW8i/ue1UxNe+hmXSWpQstmiMBXExGTyO+lxhcyIkSWUKW5vJWxAFWXGJlSwIXiLLy+Thk3MrXj3bql6AjPk4QiO4RQ8uIAq3EEN6sBgCE/wAq9O4jw7b877rDXnzGcO4Q+cjx+1ZI/p</latexit><latexit sha1_base64="A6Z90qllqPMjteIZCmnXHLaCt4Q=">AAAB7nicbVC7SgNBFL3rM8ZX1NJmMAZsDLs22ogBRSwjmAckS5idzCbDzswuM7NCWPIRNhaK2Fr7KXb+gx9g6eRRaOKBC4dz7uXee4KEM21c99NZWFxaXlnNreXXNza3tgs7u3Udp4rQGol5rJoB1pQzSWuGGU6biaJYBJw2guhy5DfuqdIslndmkFBf4J5kISPYWKlxfFL2ULvUKRTdsjsGmifelBQvvq7Or9+j72qn8NHuxiQVVBrCsdYtz02Mn2FlGOF0mG+nmiaYRLhHW5ZKLKj2s/G5Q1SySheFsbIlDRqrvycyLLQeiMB2Cmz6etYbif95rdSEZ37GZJIaKslkUZhyZGI0+h11maLE8IElmChmb0WkjxUmxiaUtyF4sy/Pk7pNzC17t26xcggT5GAfDuAIPDiFCtxAFWpAIIIHeIJnJ3EenRfnddK64Exn9uAPnLcfhWmSBA==</latexit><latexit sha1_base64="A6Z90qllqPMjteIZCmnXHLaCt4Q=">AAAB7nicbVC7SgNBFL3rM8ZX1NJmMAZsDLs22ogBRSwjmAckS5idzCbDzswuM7NCWPIRNhaK2Fr7KXb+gx9g6eRRaOKBC4dz7uXee4KEM21c99NZWFxaXlnNreXXNza3tgs7u3Udp4rQGol5rJoB1pQzSWuGGU6biaJYBJw2guhy5DfuqdIslndmkFBf4J5kISPYWKlxfFL2ULvUKRTdsjsGmifelBQvvq7Or9+j72qn8NHuxiQVVBrCsdYtz02Mn2FlGOF0mG+nmiaYRLhHW5ZKLKj2s/G5Q1SySheFsbIlDRqrvycyLLQeiMB2Cmz6etYbif95rdSEZ37GZJIaKslkUZhyZGI0+h11maLE8IElmChmb0WkjxUmxiaUtyF4sy/Pk7pNzC17t26xcggT5GAfDuAIPDiFCtxAFWpAIIIHeIJnJ3EenRfnddK64Exn9uAPnLcfhWmSBA==</latexit><latexit sha1_base64="R4xx4McSuWaQVm30zPCvFtUgl8k=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LNaCF0viRY8FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZqDtj4YeLw3w8y8IBFcG9f9dkobm1vbO+Xdyt7+weFR9fiko+NUMWyzWMSqF1CNgktsG24E9hKFNAoEdoPp3cLvPqHSPJaPZpagH9Gx5CFn1Fipe3Xd8MigPqzW3Iabg6wTryA1KNAaVr8Go5ilEUrDBNW677mJ8TOqDGcC55VBqjGhbErH2LdU0gi1n+XnzkndKiMSxsqWNCRXf09kNNJ6FgW2M6Jmole9hfif109NeOtnXCapQcmWi8JUEBOTxe9kxBUyI2aWUKa4vZWwCVWUGZtQxYbgrb68Tjo2MbfhPbi15kURRxnO4BwuwYMbaMI9tKANDKbwDK/w5iTOi/PufCxbS04xcwp/4Hz+ABuhjf0=</latexit>
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34CONCLUSIONS - THE EMERGING N3LO PICTURE

▸ Corrections are at the order of a few percent 

▸ Perturbative Uncertainty only one source of uncertainties: 
PDFs, EWK, Masses, Coupling Constants, … 

▸ Same as precision target of LHC phenomenology. 

▸ We are at the beginning of  the age of wide-spread N3LO 
phenomenology.

We know several processes at N3LO:

Work in progress:
✦ Public Tool to calculate inclusive cross sections. 

✦ NCDY: Z boson production.
Thank you!



▸ Electro-weak corrections. 

▸ Neglected quark mass effects. 

▸ Coupling to bottom, charm quarks. 

▸ Estimate uncertainties. 
 

▸ …
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