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2LHC PROCESSES 
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3PHONE AT THE LHC

The Phenomenology Goal at the LHC

Understand how nature interacts at a fundamental level!

✴ A new interaction: Yukawa! 

✴ The mechanism of electro-weak symmetry breaking 

✴ Generation of fundamental masses 

✴ Determine couplings / interactions with established matter 

✴ Explore the limitations of the Standard Model of particle physics
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<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>

?



4PHONE AT THE LHC

The Phenomenology Goal at the LHC

Understand how nature interacts at a fundamental level!

The Method: Predict & Compare.

Precision is key!

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>

µ
<latexit sha1_base64="fj3IPfLY5gPjrulXuLI1LZK+gRQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNpoJLKsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHkqyN6g==</latexit><latexit sha1_base64="fj3IPfLY5gPjrulXuLI1LZK+gRQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNpoJLKsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHkqyN6g==</latexit><latexit sha1_base64="fj3IPfLY5gPjrulXuLI1LZK+gRQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNpoJLKsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHkqyN6g==</latexit><latexit sha1_base64="fj3IPfLY5gPjrulXuLI1LZK+gRQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2m3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxjLdZJCPTC6jlUmjeRoGS92LDqQok7wbTu9zvPnFjRaQfcRZzX9GxFqFgFHNpoJLKsFpz6+4CZJ14BalBgdaw+jUYRSxRXCOT1Nq+58bop9SgYJLPK4PE8piyKR3zfkY1Vdz66eLWObnIlBEJI5OVRrJQf0+kVFk7U0HWqShO7KqXi/95/QTDGz8VOk6Qa7ZcFCaSYETyx8lIGM5QzjJCmRHZrYRNqKEMs3jyELzVl9dJ56ruuXXv4brWvC3iKMMZnMMleNCAJtxDC9rAYALP8ApvjnJenHfnY9lacoqZU/gD5/MHkqyN6g==</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>

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>

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>

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>

?



5FROM THE STANDARD MODEL TO REAL LIFE OBSERVABLES

From first principle QFT …

… to real life measurement



H
Long - range, universal 

Short - range,  
process specific

Length-scale ~ 1 fm

~ 10^-4 fm 
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◆FACTORISATION

THE WAY TO PRECISION LHC PREDICTIONS
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Z
dxdyf(x)f(y)�̂ +O

✓
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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>
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�̂ = �̂(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>



NNLO OVER TIME 8

NNLO
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N3LO OVER TIME 9

2015 2016
2017

2018

2019

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

bb->H [Dulat, Duhr, BM,19]
N3LO

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

2020

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

Higgs, [BM,18]

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



10INCLUSIVE CROSS SECTIONS

▸ First steps at a new perturbative order! 

▸ Learn about the impact of perturbative corrections. 

▸ Make use of them to improve our predictions, e.g. via K-Factors

Example: Producing a Higgs boson in Gluon Fusion

H
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11RAPIDITY DISTRIBUTION OF THE HIGGS BOSON
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▸ First LHC cross section to 
be computed at N3LO. 

▸ Notoriously large 
perturbative corrections. 

▸ N3LO allows for state of 
the art comparisons with 
current LHC 
measurements.

▸ N3LO stabilises perturbative expansion 

▸ Relative size of the correction: ��N3LO = +3.5%⇥ �NNLO
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https://arxiv.org/abs/1810.09462


12PRODUCING A HIGGS IN BOTTOM QUARK FUSION

▸ Another example: Bottom Quark Fusion
b
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b̄
<latexit sha1_base64="2XLTjSPb/gZ1uOjjtkiIp8ea2Tg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uxE1JOqVK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBE2SOyQ==</latexit><latexit sha1_base64="2XLTjSPb/gZ1uOjjtkiIp8ea2Tg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uxE1JOqVK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBE2SOyQ==</latexit><latexit sha1_base64="2XLTjSPb/gZ1uOjjtkiIp8ea2Tg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uxE1JOqVK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBE2SOyQ==</latexit><latexit sha1_base64="2XLTjSPb/gZ1uOjjtkiIp8ea2Tg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uxE1JOqVK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBE2SOyQ==</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>

[Duhr,Dulat,Hirschi,BM, 2004.04752]
[Duhr,Dulat,BM, 2004.04752]

▸ Very nice perturbative 
behaviour. 

▸ N3LO reduced uncertainty 
due to missing higher orders.

Coupling the Higgs to the third generation!

��N3LO = �2.3%⇥ �NNLO
<latexit sha1_base64="AyJLB2wYs4Gc3DVT8ysFQh/+poc=">AAACG3icbVDJSgNBEO2JW4zbqEcvjSHgxTCTCHoRgl48SIxgFsgMQ0+nkzTpWeiuEcKQ//Dir3jxoIgnwYN/Y2cBNfFBweO9Kqrq+bHgCizry8gsLa+srmXXcxubW9s75u5eQ0WJpKxOIxHJlk8UEzxkdeAgWCuWjAS+YE1/cDn2m/dMKh6FdzCMmRuQXsi7nBLQkmeWnA4TQLCjeC8gXlotX9+MzvFxqVjGTgE7wAOmftyqdj0zbxWtCfAisWckj2aoeeaH04loErAQqCBKtW0rBjclEjgVbJRzEsViQgekx9qahkSvdNPJbyNc0EoHdyOpKwQ8UX9PpCRQahj4ujMg0Ffz3lj8z2sn0D1zUx7GCbCQThd1E4EhwuOgcIdLRkEMNSFUcn0rpn0iCQUdZ06HYM+/vEgapaJtFe3bk3zlYhZHFh2gQ3SEbHSKKugK1VAdUfSAntALejUejWfjzXiftmaM2cw++gPj8xvykp98</latexit><latexit sha1_base64="AyJLB2wYs4Gc3DVT8ysFQh/+poc=">AAACG3icbVDJSgNBEO2JW4zbqEcvjSHgxTCTCHoRgl48SIxgFsgMQ0+nkzTpWeiuEcKQ//Dir3jxoIgnwYN/Y2cBNfFBweO9Kqrq+bHgCizry8gsLa+srmXXcxubW9s75u5eQ0WJpKxOIxHJlk8UEzxkdeAgWCuWjAS+YE1/cDn2m/dMKh6FdzCMmRuQXsi7nBLQkmeWnA4TQLCjeC8gXlotX9+MzvFxqVjGTgE7wAOmftyqdj0zbxWtCfAisWckj2aoeeaH04loErAQqCBKtW0rBjclEjgVbJRzEsViQgekx9qahkSvdNPJbyNc0EoHdyOpKwQ8UX9PpCRQahj4ujMg0Ffz3lj8z2sn0D1zUx7GCbCQThd1E4EhwuOgcIdLRkEMNSFUcn0rpn0iCQUdZ06HYM+/vEgapaJtFe3bk3zlYhZHFh2gQ3SEbHSKKugK1VAdUfSAntALejUejWfjzXiftmaM2cw++gPj8xvykp98</latexit><latexit sha1_base64="AyJLB2wYs4Gc3DVT8ysFQh/+poc=">AAACG3icbVDJSgNBEO2JW4zbqEcvjSHgxTCTCHoRgl48SIxgFsgMQ0+nkzTpWeiuEcKQ//Dir3jxoIgnwYN/Y2cBNfFBweO9Kqrq+bHgCizry8gsLa+srmXXcxubW9s75u5eQ0WJpKxOIxHJlk8UEzxkdeAgWCuWjAS+YE1/cDn2m/dMKh6FdzCMmRuQXsi7nBLQkmeWnA4TQLCjeC8gXlotX9+MzvFxqVjGTgE7wAOmftyqdj0zbxWtCfAisWckj2aoeeaH04loErAQqCBKtW0rBjclEjgVbJRzEsViQgekx9qahkSvdNPJbyNc0EoHdyOpKwQ8UX9PpCRQahj4ujMg0Ffz3lj8z2sn0D1zUx7GCbCQThd1E4EhwuOgcIdLRkEMNSFUcn0rpn0iCQUdZ06HYM+/vEgapaJtFe3bk3zlYhZHFh2gQ3SEbHSKKugK1VAdUfSAntALejUejWfjzXiftmaM2cw++gPj8xvykp98</latexit><latexit sha1_base64="AyJLB2wYs4Gc3DVT8ysFQh/+poc=">AAACG3icbVDJSgNBEO2JW4zbqEcvjSHgxTCTCHoRgl48SIxgFsgMQ0+nkzTpWeiuEcKQ//Dir3jxoIgnwYN/Y2cBNfFBweO9Kqrq+bHgCizry8gsLa+srmXXcxubW9s75u5eQ0WJpKxOIxHJlk8UEzxkdeAgWCuWjAS+YE1/cDn2m/dMKh6FdzCMmRuQXsi7nBLQkmeWnA4TQLCjeC8gXlotX9+MzvFxqVjGTgE7wAOmftyqdj0zbxWtCfAisWckj2aoeeaH04loErAQqCBKtW0rBjclEjgVbJRzEsViQgekx9qahkSvdNPJbyNc0EoHdyOpKwQ8UX9PpCRQahj4ujMg0Ffz3lj8z2sn0D1zUx7GCbCQThd1E4EhwuOgcIdLRkEMNSFUcn0rpn0iCQUdZ06HYM+/vEgapaJtFe3bk3zlYhZHFh2gQ3SEbHSKKugK1VAdUfSAntALejUejWfjzXiftmaM2cw++gPj8xvykp98</latexit>

https://arxiv.org/pdf/2004.04752.pdf
https://arxiv.org/abs/1904.09990
https://arxiv.org/abs/1904.09990


13P P ! �⇤
<latexit sha1_base64="DdaM4l2Fs2MJ6/pFksW806mHTu4=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgEESmJCHosevFYwX5AE8tku2mX7iZhd6OUUPDiX/HiQRGv/glv/hu3bQ7a+mDg8d4MM/OChDOlHefbKiwsLi2vFFdLa+sbm1v29k5DxakktE5iHstWAIpyFtG6ZprTViIpiIDTZjC4GvvNeyoVi6NbPUyoL6AXsZAR0Ebq2Hs17J2YkqzX1yBl/IC9HggBd8cdu+xUnAnwPHFzUkY5ah37y+vGJBU00oSDUm3XSbSfgdSMcDoqeamiCZAB9Gjb0AgEVX42+WGED43SxWEsTUUaT9TfExkIpYYiMJ0CdF/NemPxP6+d6vDCz1iUpJpGZLooTDnWMR4HgrtMUqL50BAgkplbMemDBKJNbCUTgjv78jxpnFZcp+LenJWrl3kcRbSPDtARctE5qqJrVEN1RNAjekav6M16sl6sd+tj2lqw8pld9AfW5w91mJbD</latexit><latexit sha1_base64="DdaM4l2Fs2MJ6/pFksW806mHTu4=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgEESmJCHosevFYwX5AE8tku2mX7iZhd6OUUPDiX/HiQRGv/glv/hu3bQ7a+mDg8d4MM/OChDOlHefbKiwsLi2vFFdLa+sbm1v29k5DxakktE5iHstWAIpyFtG6ZprTViIpiIDTZjC4GvvNeyoVi6NbPUyoL6AXsZAR0Ebq2Hs17J2YkqzX1yBl/IC9HggBd8cdu+xUnAnwPHFzUkY5ah37y+vGJBU00oSDUm3XSbSfgdSMcDoqeamiCZAB9Gjb0AgEVX42+WGED43SxWEsTUUaT9TfExkIpYYiMJ0CdF/NemPxP6+d6vDCz1iUpJpGZLooTDnWMR4HgrtMUqL50BAgkplbMemDBKJNbCUTgjv78jxpnFZcp+LenJWrl3kcRbSPDtARctE5qqJrVEN1RNAjekav6M16sl6sd+tj2lqw8pld9AfW5w91mJbD</latexit><latexit sha1_base64="DdaM4l2Fs2MJ6/pFksW806mHTu4=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgEESmJCHosevFYwX5AE8tku2mX7iZhd6OUUPDiX/HiQRGv/glv/hu3bQ7a+mDg8d4MM/OChDOlHefbKiwsLi2vFFdLa+sbm1v29k5DxakktE5iHstWAIpyFtG6ZprTViIpiIDTZjC4GvvNeyoVi6NbPUyoL6AXsZAR0Ebq2Hs17J2YkqzX1yBl/IC9HggBd8cdu+xUnAnwPHFzUkY5ah37y+vGJBU00oSDUm3XSbSfgdSMcDoqeamiCZAB9Gjb0AgEVX42+WGED43SxWEsTUUaT9TfExkIpYYiMJ0CdF/NemPxP6+d6vDCz1iUpJpGZLooTDnWMR4HgrtMUqL50BAgkplbMemDBKJNbCUTgjv78jxpnFZcp+LenJWrl3kcRbSPDtARctE5qqJrVEN1RNAjekav6M16sl6sd+tj2lqw8pld9AfW5w91mJbD</latexit><latexit sha1_base64="DdaM4l2Fs2MJ6/pFksW806mHTu4=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgEESmJCHosevFYwX5AE8tku2mX7iZhd6OUUPDiX/HiQRGv/glv/hu3bQ7a+mDg8d4MM/OChDOlHefbKiwsLi2vFFdLa+sbm1v29k5DxakktE5iHstWAIpyFtG6ZprTViIpiIDTZjC4GvvNeyoVi6NbPUyoL6AXsZAR0Ebq2Hs17J2YkqzX1yBl/IC9HggBd8cdu+xUnAnwPHFzUkY5ah37y+vGJBU00oSDUm3XSbSfgdSMcDoqeamiCZAB9Gjb0AgEVX42+WGED43SxWEsTUUaT9TfExkIpYYiMJ0CdF/NemPxP6+d6vDCz1iUpJpGZLooTDnWMR4HgrtMUqL50BAgkplbMemDBKJNbCUTgjv78jxpnFZcp+LenJWrl3kcRbSPDtARctE5qqJrVEN1RNAjekav6M16sl6sd+tj2lqw8pld9AfW5w91mJbD</latexit>

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>
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14DRELL-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>

▸ N3LO corrections to THE LHC precision process. 

▸ Interesting perturbative development: N3LO outside of 
NNLO scale band.
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<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>

▸ Fairly large cancellations 
between different 
channels lead to small 
bands. 

▸ Already present at NNLO. 

▸ This is NOT a breakdown 
of pQCD but an 
encouragement to think 
about the way we assess 
uncertainties.

[Duhr,Dulat,BM 2001.07717]

��� � � � � � �

� � � � � �

�� �� �� ��� ��� ��� ��� ���
-�

-�

�

�

�

� [�	
]

��
�
��
�
��
/�
�
�
��
�
��
��
[�
�]

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

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


16DRELL-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>

▸ Currently we only have 
NNLO parton 
distribution functions. 

▸ How large is the 
mismatch? 

▸ DIS is known at N3LO 
and several LHC 
processes become 
available. N3LO PDFs?

[Duhr,Dulat,BM 2001.07717]
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Q=60 GeV
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[Duhr,Dulat,BM 2001.07717]

▸ N3LO predictions improve the perturbative precision.

��N3LO = �1.4%⇥ �NNLO
0.16%
�2.6%

<latexit sha1_base64="DMecaQVpWeGuZGX7yXsRp0HXHD0="></latexit><latexit sha1_base64="DMecaQVpWeGuZGX7yXsRp0HXHD0="></latexit><latexit sha1_base64="DMecaQVpWeGuZGX7yXsRp0HXHD0="></latexit><latexit sha1_base64="DMecaQVpWeGuZGX7yXsRp0HXHD0="></latexit>
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q
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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>

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>

g
<latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit>

g
<latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit>

b
<latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit>

b̄
<latexit sha1_base64="2XLTjSPb/gZ1uOjjtkiIp8ea2Tg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uxE1JOqVK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBE2SOyQ==</latexit><latexit sha1_base64="2XLTjSPb/gZ1uOjjtkiIp8ea2Tg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uxE1JOqVK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBE2SOyQ==</latexit><latexit sha1_base64="2XLTjSPb/gZ1uOjjtkiIp8ea2Tg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uxE1JOqVK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBE2SOyQ==</latexit><latexit sha1_base64="2XLTjSPb/gZ1uOjjtkiIp8ea2Tg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uxE1JOqVK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBE2SOyQ==</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>

▸ 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:

��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>

�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>

�2.3%
<latexit sha1_base64="DAPB43iL6HHZ9+oMG74IeKB8DIQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxVLwYkiqoMeiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+nbX1jc2t7cJOcXdv/+CwdHTcNEmmGW+wRCa6HVLDpVC8gQIlb6ea0ziUvBWO7mZ+64lrIxL1iOOUBzEdKBEJRtFKrYuqe0m6lV6p7LneHGSV+DkpQ456r/TV7Scsi7lCJqkxHd9LMZhQjYJJPi12M8NTykZ0wDuWKhpzE0zm505JxSp9EiXalkIyV39PTGhszDgObWdMcWiWvZn4n9fJMLoJJkKlGXLFFouiTBJMyOx30heaM5RjSyjTwt5K2JBqytAmVLQh+Msvr5Jm1fU913+4Ktdu8zgKcApncA4+XEMN7qEODWAwgmd4hTcndV6cd+dj0brm5DMn8AfO5w8o9Y4h</latexit><latexit sha1_base64="DAPB43iL6HHZ9+oMG74IeKB8DIQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxVLwYkiqoMeiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+nbX1jc2t7cJOcXdv/+CwdHTcNEmmGW+wRCa6HVLDpVC8gQIlb6ea0ziUvBWO7mZ+64lrIxL1iOOUBzEdKBEJRtFKrYuqe0m6lV6p7LneHGSV+DkpQ456r/TV7Scsi7lCJqkxHd9LMZhQjYJJPi12M8NTykZ0wDuWKhpzE0zm505JxSp9EiXalkIyV39PTGhszDgObWdMcWiWvZn4n9fJMLoJJkKlGXLFFouiTBJMyOx30heaM5RjSyjTwt5K2JBqytAmVLQh+Msvr5Jm1fU913+4Ktdu8zgKcApncA4+XEMN7qEODWAwgmd4hTcndV6cd+dj0brm5DMn8AfO5w8o9Y4h</latexit><latexit sha1_base64="DAPB43iL6HHZ9+oMG74IeKB8DIQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxVLwYkiqoMeiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+nbX1jc2t7cJOcXdv/+CwdHTcNEmmGW+wRCa6HVLDpVC8gQIlb6ea0ziUvBWO7mZ+64lrIxL1iOOUBzEdKBEJRtFKrYuqe0m6lV6p7LneHGSV+DkpQ456r/TV7Scsi7lCJqkxHd9LMZhQjYJJPi12M8NTykZ0wDuWKhpzE0zm505JxSp9EiXalkIyV39PTGhszDgObWdMcWiWvZn4n9fJMLoJJkKlGXLFFouiTBJMyOx30heaM5RjSyjTwt5K2JBqytAmVLQh+Msvr5Jm1fU913+4Ktdu8zgKcApncA4+XEMN7qEODWAwgmd4hTcndV6cd+dj0brm5DMn8AfO5w8o9Y4h</latexit><latexit sha1_base64="DAPB43iL6HHZ9+oMG74IeKB8DIQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxVLwYkiqoMeiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+nbX1jc2t7cJOcXdv/+CwdHTcNEmmGW+wRCa6HVLDpVC8gQIlb6ea0ziUvBWO7mZ+64lrIxL1iOOUBzEdKBEJRtFKrYuqe0m6lV6p7LneHGSV+DkpQ456r/TV7Scsi7lCJqkxHd9LMZhQjYJJPi12M8NTykZ0wDuWKhpzE0zm505JxSp9EiXalkIyV39PTGhszDgObWdMcWiWvZn4n9fJMLoJJkKlGXLFFouiTBJMyOx30heaM5RjSyjTwt5K2JBqytAmVLQh+Msvr5Jm1fU913+4Ktdu8zgKcApncA4+XEMN7qEODWAwgmd4hTcndV6cd+dj0brm5DMn8AfO5w8o9Y4h</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>
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The conclusions we can derive from precise measurements are 
the legacy of the LHC. Their interpretation will deepen our 
understanding and shed new light on the fundamental 
interactions of nature.

▸ N3LO  
is the precision frontier

▸ Now several processes available: 
DY, Higgs
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▸ Precise predictions are key to  
reaching our phenomenology goals

THANK YOU!

▸ The future: Widespread N3LO phenomenology

PRECISION PREDICTIONS AT N3LO
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